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Abstract

Consumers rely on their shopping experiences to form beliefs about inflation. In other words,
they learn by shopping. I study the consequences of this information friction for the transmission of
macroeconomic shocks. I introduce learning by shopping in the benchmark New Keynesian model
and show that this friction anchors households’ beliefs about inflation. However, the degree of
anchoring is endogenous and depends on the model’s structural features, including the monetary
policy stance. Learning by shopping propagates the impact of demand shocks on output, even
when prices are flexible. Price stickiness exacerbates this propagation, and the interaction of both
frictions can be larger than the sum of the effects of each friction considered separately. Moreover,
learning by shopping makes the slope of the Phillips curve a function of the degree of anchoring.
For this reason, a more hawkish monetary policy can simultaneously anchor households’ inflation
expectations, flatten the Phillips curve, and lower the volatility and persistence of inflation. The
model suggests that such a policy also has an unintended consequence: It makes the economy
more vulnerable to exogenous shifts in aggregate demand.
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1 Introduction

Inflation plays a central role in macroeconomic theory and policy. Academics, central bankers, and
market participants continuously pay attention to inflation indicators like the Consumer Price In-
dex (CPI). Given the resources devoted to controlling and forecasting inflation, one would expect
consumers would also be highly attentive to inflation developments.

But the empirical evidence suggests that most consumers do not pay attention to official inflation
statistics: Their perception of current inflation differs substantially from the inflation reflected in the
CPI'. Moreover, providing consumers with information about inflation statistics has only partial and
short-lived effects on their expectations.” Instead of using public signals, the empirical evidence
suggests that consumers rely on their own shopping experiences to form beliefs about inflation.> In
other words, they learn by shopping.

In this paper, I investigate the macroeconomic consequences of households’ inattention to aggre-
gate inflation. To do so, I introduce learning by shopping (henceforth LBS) as an information friction
on the households’ block of a standard New Keynesian model: I assume households acquire idiosyn-
cratic noisy signals about inflation from the prices they observe while shopping for the different
goods in their consumption basket. Using this information, they form beliefs about current and fu-
ture inflation and make decisions conditional on those beliefs. I use the model to study analytically
and quantitatively how this information friction affects the transmission of aggregate shocks and the
design of monetary policy. Three results from this analysis stand out.

First, LBS propagates the impact of demand shocks on output. The information friction affects
households” perception of the real wage, altering their labor supply decision and allowing nomi-
nal shocks to have real effects. It also distorts households” perception of their permanent income,
amplifying the impact of demand shocks on consumption, employment, and output.

Second, the interaction of this information friction with nominal rigidities in prices amplifies the
impact of demand shocks on output. Moreover, the propagation of demand shocks when both fric-
tions are present can be larger than the sum of the effect of each friction considered in isolation.

Finally, LBS makes the slope of the Phillips curve depend on the degree of anchoring of house-
holds’ beliefs about inflation. But the degree of anchoring itself is a function of the strength with
which the central bank responds to deviations of the inflation rate from its target. For this reason, a
more hawkish monetary policy can simultaneously anchor households’ inflation expectations, flat-
ten the Phillips curve, and lower the volatility and persistence of inflation. Perhaps surprisingly, the
model suggests that such a policy also makes output and employment more responsive to exogenous

shifts in aggregate demand.

1See Jonung (1981), Detmeister, Lebow, and Peneva (2016), Arioli et al. (2017), Stanistawska (2019), for evidence from
households in the E.U. and the U.S.

2Gee Cavallo, Cruces, and Perez-Truglia (2016) and Coibion, Gorodnichenko, and Weber (2019).

3See, among others, Cavallo, Cruces, and Perez-Truglia (2017), Angelico and Di Giacomo (2019), Mosquera-Tarrio (2019),
Coibion, Gorodnichenko, and Weber (2020), D’ Acunto, Malmendier, and Weber (2021b), and D’Acunto, Malmendier, Os-
pina, and Weber (2021a).



Framework. The model in this paper is a standard New Keynesian model extended to allow for a
continuum of households that hold dispersed beliefs about current and future inflation. Households
acquire information about prices relying on their shopping experiences. But these experiences are
idiosyncratic across households and provide them with a noisy signal about inflation. For this reason,
their beliefs about inflation do not necessarily coincide with actual inflation, and they act as if they
paid limited attention to aggregate inflation.

As in the data, these idiosyncratic experiences produce substantial disagreement in the inflation
rate consumers perceive, resulting in disagreement in their expectations about future inflation (We-
ber, Gorodnichenko, and Coibion, 2022). As a result, each household shares a different view on the
purchasing power of their income and the real return of their financial assets. The heterogeneity in
beliefs translates into heterogeneity in consumption, labor supply, and asset holdings across house-
holds.

Despite this large heterogeneity, I show that the dynamics of aggregate output and inflation admit
a simple characterization. The aggregate demand in the model is described by a standard Euler equa-
tion augmented with the presence of an information wedge. As in Angeletos and Lian (2021), this
wedge captures the cross-sectional differences in households’ beliefs about their permanent income
from the corresponding beliefs under full information. The supply side of this economy is described
by a standard New Keynesian Phillips Curve (hereafter NKPC) augmented with a second informa-
tion wedge that captures the average difference between the real wage perceived by households and
the real wage observed by firms. This second wedge makes the slope of the Phillips curve a func-
tion of households’ beliefs about inflation. As in models of sticky-information (Mankiw and Reis,
2002), LBS also makes inflation a function of past inflation forecasts. Using this characterization, I
study analitically how the dispersion in housheolds’ beliefs about inflation affects the transmission
of aggregate demand shocks and the design of monetary policy.

LBS propagates demand shocks. With LBS, nominal shocks have real effects even when prices are
flexible. Households condition their labor supply on the real wage they perceive. They observe
their own nominal wage but rely on the noisy information from their shopping experiences to learn
about the price level. As a result, the real wage paid by firms doesn’t necessarily coincide with its
corresponding perception by households.

To illustrate the consequences of this information wedge, consider a positive shock to households
discount factor (a standard proxy for exogenous fall in consumer spending). When firms have flexi-
ble prices, such a shock produces a fall in wages accompanied by a one-to-one reduction in the prices
set by firms. Households observe the fall in nominal wages but, because of LBS, they only observe
part of the accompanying reduction in the aggregate price level. Consequently, households perceive
that their real wage has fallen and reduce their consumption and labor supply as a result. The previ-
ous mechanism bears a close resemblance to the original versions of the Phillips curve proposed by
Phelps (1967) and Friedman (1968) and their subsequent formalization by Lucas (1972).*

“In particular, Friedman (1968) noted that differences in the real wages perceived by firms and households produce
comovement between output and inflation. Influenced by the work of Lucas (1972), he expanded this vision in his Nobel



In contrast to the previous theories, LBS simultaneously affects the demand block of the econ-
omy, introducing a second channel that amplifies the impact of nominal shocks: After the exogenous
contraction in aggregate demand, households observe their nominal income fall. Because they only
observe part of the reduction in the aggregate price level, the shock makes households perceive a
drop in their permanent income. In response, they reduce their consumption further, amplifying the

initial effect of the shock on aggregate output.

Price stickiness amplifies the effects of LBS. As in the standard NK model, price-stickiness makes
real wages increase after a demand shock. This response amplifies the gap between the real wage
and its corresponding perception by households following a demand shock.

Perhaps surprisingly, the amplification is non-linear: the impact of a demand shock on output
when both frictions are present can be larger than the sum of the corresponding impact when each
friction is considered separately. The key behind this result is the endogenous nature of the degree
of anchoring of households’ inflation beliefs. LBS makes households’ beliefs underreact to shocks to
the inflation rate. In this sense, it anchors their beliefs about inflation, and the degree of anchoring is
directly related to the rate at which households learn about inflation from their shopping experiences.

But the degree of anchoring is an endogenous object in the model: The volatility and persistence
of inflation affect the informational content of households” shopping experiences. And both prop-
erties of inflation are themselves a function of the degree of anchoring. I show analytically that, in
equilibrium, an increase in price-stickiness reduces the volatility of inflation. Consequently, it reduces
the information about inflation contained in households” shopping experiences. As a result, higher
price rigidity makes household beliefs about inflation more anchored, exacerbating the propagation

of demand shocks originating from the information friction.

Monetary policy flattens the Phillips curve. The model shows that the central bank can indirectly
affect the aggregate supply of the economy through its ability to anchor households’ beliefs about in-
flation. As in the standard New Keynesian model, a more hawkish policy stance reduces the volatil-
ity of inflation by flattening the slope of aggregate demand. However, with LBS, the lower inflation
volatility also reduces the information about inflation and aggregate shocks contained in households’
shopping experiences, increasing the degree of anchoring of their beliefs.

The previous result associates the flattening of the Phillips curve documented in the data to the
more active monetary policy that followed Chairman’s Volcker tenure at the Fed.” The model pre-
dicts that households’ inattention to inflation is a direct consequence of the success of this policy in
stabilizing inflation. The resulting anchoring of inflation expectations, in turn, reduced the slope of

Prize lecture (Friedman, 1977) by attributing this wedge to information frictions on households. In the third section of this
lecture, he notes: “To workers, the situation is different: what matters to them is the purchasing power of wages not over the particular
good they produce but over all goods in general. Roth they and their employers are likely to adjust more slowly their perception of prices
in general - because it is more costly to acquire information about that - than their perception of the price of the particular good they
produce. As a result, a rise in nominal wages may be perceived by workers as a rise in real wages and hence call forth an increased
supply, at the same time that it is perceived by employers as a fall in real wages and hence calls forth an increased offer of jobs.”

5Gee, among others, Ball and Mazumder (2011), Coibion and Gorodnichenko (2015b), Coibion, Gorodnichenko, and
Kamdar (2018a).



the NKPC by decreasing the speed at which households learn without changing the sensitivity of
actual inflation to marginal costs. Consistent with this prediction, the empirical evidence suggests
there has been no change in the relationship between inflation and marginal costs over this period.®

Extensions and quantitative analysis. I introduce technology shocks in the model and show that
LBS hinders their impact on output. An exogenous expansion in TFP increases the real wage, in part,
by producing a fall in the aggregate price level. With LBS, households observe only part of this fall.
Consequently, they perceive a smaller increase in real wages and permanent income, and consume
less than they would under full information as a result.

I then consider an extension where the noise in shopping experiences is the byproduct of house-
holds’ rational inattention to inflation. Following the literature pioneered by Sims (2003), I allow
households to choose the attention allocated to aggregate inflation by trading the benefits and costs
of acquiring information about this variable, and model these costs as a linear function of Shannon’s
mutual information.

I show that the inattention to inflation produced by LBS has only second-order effects on house-
holds” welfare. This result is consistent with the observation by Cochrane (1989) that the costs of
deviating from the permanent income decision rule are arbitrarily small for a consumer. As a result,
small costs of acquiring information can make consumers largely inattentive to news about inflation.
Like menu cost models, LBS is a form of “near-rational behavior”, as coined by Akerlof and Yellen
(1985), where second-order individual losses can have first-order effects on the aggregate economy.

I conclude by studying the robustness and quantitative relevance of the earlier analytical results.
To do so, I use a version of the model that includes the extensions mentioned above and allows
learning to be persistent over time. I calibrate the model to match the behavior of core CPI inflation in
the U.S. and discipline the magnitude of the information frictions using data on households” inflation
expectations from the Michigan Survey of Consumers.

The quantitative exercise suggests that the amplification of demand shocks induced by LBS is sub-
stantial: an expansionary shock to aggregate demand produces an expansion in output that is eight
times larger on impact than the corresponding response under full information. Following Mackowiak
and Wiederholt (2015) and Afrouzi and Yang (2021), I also compare the predictions of a counterfac-
tual dovish policy by the central bank with the behavior of macroeconomic variables observed during
the pre-Volcker era. The exercise shows that such a policy change can quantitatively account for the
reduction in the volatility and persistence of inflation, as well as the anchoring of inflation expecta-
tions that followed this period. However, the exercise suggests that the increase in anchoring also
exacerbated the information frictions affecting households and, through this channel, the impact of
demand shocks on the economy.

Related literature. This paper contributes to the literature studying the macroeconomic conse-

quences of information frictions. In particular, the effect of incomplete information about current

6See Del Negro, Lenza, Primiceri, and Tambalotti (2020), Barnichon and Mesters (2021), and Hazell, Herrefio, Nakamura,
and Steinsson (2020).



inflation across households. Since Lucas (1973), most of the literature has focused on the informa-
tional frictions faced by firms while abstracting from similar frictions on the consumer side. Notable
exceptions include Reis (2006), Mackowiak and Wiederholt (2015), Gaballo and Paciello (2021), Broer,
Kohlhas, Mitman, and Schlafmann (2021), and Angeletos and Lian (2018; 2021). The first paper fo-
cuses on the role of these frictions in explaining the behavior of consumption in the data, abstracting
from its relationship with monetary policy. Both Mackowiak and Wiederholt (2015) and Broer et al.
(2021) study more general information acquisition problems but, in contrast to this paper, they do
so under the assumptions of flexible prices and complete information about the current price level.
Like this paper, Gaballo and Paciello (2021) present a theory where information frictions about the
current price level arise from the shopping experiences of households. They show how, in a static
setting, shopping experiences can give rise to comovement between inflation and output through
consumer reallocation of their spending and the consequent response of markups. I show that shop-
ping experiences also affect households’ labor supply, giving rise to a second channel that allows the
propagation of nominal shocks. Moreover, I show that these effects are amplified in a dynamic set-
ting due to the effect of shopping experiences on households’ perceptions of their permanent income
and future interest rates.

This paper builds on recent work by Angeletos and Lian (2018; 2021). In the first paper, the
authors present a New Keynesian model where consumers have incomplete information about the
aggregate state. But they assume all agents have full information about the aggregate price level. I
show that relaxing this assumption allows the propagation of demand shocks even when firms face
no nominal or real friction. Simultaneously, it alters the demand block of the economy and introduced
a feedback loop that amplifies the effect of demand shocks on the economy as in Angeletos and Lian
(2021). My results confirm the quantitative relevance of this feedback loop and show that its strength
can be affected by the conduct of monetary policy.

A distinctive feature of this paper is that it studies the interaction between two different frictions,
LBS and price-stickiness, each of which allows the propagation of demand shocks on its own. A large
part of the literature has focused on the role of information frictions as a substitute to nominal price
rigidities (Ball, Mankiw, and Romer, 1988; Mankiw and Reis, 2002; Mackowiak and Wiederholt, 2009).
To the best of my knowledge, this is the first paper introducing simultaneously nominal rigidities
on firms and incomplete information about inflation by households. This paper shows that both
frictions can complement each other, and their interaction can amplify the propagation of aggregate
demand shocks beyond what is possible when they are considered separately. The results show that
this combination gives rise to a powerful interaction that makes demand shocks the most suitable
candidates to drive the business cycle.

This paper also contributes to the literature studying the relationship between inflation dynam-
ics, expectation anchoring, and the flattening of the Phillips curve. A strand of this literature has
employed models with incomplete information by firms to account for the changing relationship
between inflation dynamics and economic activity (Afrouzi and Yang, 2021; Gallegos, 2021). This pa-

per shows how incomplete information by households can also contribute to this structural change.



Closely related is the literature studying inflation dynamics and expectation anchoring under learn-
ing (Marcet and Nicolini, 2003; Jergensen and Lansing, 2021; Géati, 2022). This literature assumes
agents have full information while relaxing the assumption that agents have rational expectations.
This paper studies expectation anchoring under the complementary assumption: households have
rational expectations but incomplete information about aggregate inflation. This paper also con-
tributes to the rational inattention literature pioneered by Sims (2003) and surveyed in Mackowiak,
Matejka, and Wiederholt (Forthcoming) by studying the interaction between rational inattention to
aggregate inflation and price-stickiness.

Finally, this paper is motivated by the empirical literature documenting consumers’ inattention to
prices (surveyed by DellaVigna (2009), Anderson and Simester (2009), and Gabaix (2019)), the devi-
ations of their beliefs about inflation from the FIRE assumption (Coibion and Gorodnichenko, 2012;
Coibion and Gorodnichenko, 2015a; Coibion, Gorodnichenko, and Weber, 2019; Gorodnichenko and
Sergeyev, 2021), and the impact of shopping and life experiences on those beliefs (Malmendier and
Nagel, 2016; Kuchler and Zafar, 2019; Cavallo, Cruces, and Perez-Truglia (2017); Coibion, Gorod-
nichenko, and Weber (2019); D’ Acunto, Malmendier, Ospina, and Weber (2021a)).7 The model pre-
sented here provides a theoretical framework to analyze the macroeconomic consequences of the

empirical findings from this literature.

Outline. This paper contains six sections, including this introduction. Section 2 sets up the model
and characterizes its equilibrium. Section 3 studies the impact of LBS on the transmission of macroe-
conomic shocks and illustrates analytically the main results in this paper. Section 4 discusses the
extensions of the model. Section 5 presents the quantitative exercise. Section 6 concludes. The ap-

pendix contains all proofs and the computational method used to solve the quantitative model.

7See also Coibion, Gorodnichenko, and Kamdar (2018a) for a survey of this literature.



2 Learning by Shopping in a New Keynesian Model

In this section, I present a New Keynesian model where consumers learn by shopping. The first
part of this section sets up the model and discusses its key assumptions. The second part derives
the NKPC and the aggregate Euler equation that characterize the supply and demand blocks of this
model. The third part characterizes the equilibrium dynamics of output and inflation, as well as the
equilibrium degree of anchoring of households’ beliefs about inflation.

2.1 The model

Time is discrete and indexed by t. The model is inhabited by a continuum of households indexed by
subscripti € [0,1]. Every household supplies labor, saves, and consumes an infinite variety of goods.
Each consumption variety is produced by a different firm indexed by subscript j € [0, 1]. Firms have
market power and set the price of the variety they produce while facing nominal rigidities a la Calvo
(1983).

There is a single aggregate shock affecting the discount factor of all households. This shock drives
exogenous fluctuations in aggregate demand and is the only source of aggregate uncertainty in the
model.® There are also three auxiliary shocks affecting the discount rate, the wage, and the return
on savings faced by each household. However, these shocks are i.i.d. across time and also across
households, so they have no direct effect on the behavior of aggregate variables. As discussed below,
the only role of these auxiliary shocks is to add “noise” to the information set of each household,
allowing the introduction of information frictions in the model. In the absence of these frictions, the
equations characterizing the dynamics of output and inflation are identical to those found in Chapter
3 of Gali (2015).

Households. The problem of household i in period t is to maximize:

Eir Y BU (Cititr Nipi Zipsk) (1)
k=0
where B € (0,1) is the households” discount factor, and E;; [-] = E [-|Z;;] denotes the expectation

operator conditional on the information set of the household at the beginning of period t. This infor-
mation set is denoted as Z; ; and is described in detail below. The period utility function U (-) depends
on the household’s consumption index C;;, the labor supplied N;;, and a preference shifter Z;;. The
later captures exogenous shifts in the household’s discount factor. I assume that the per-period utility

function U (-) takes the form

it

T

clv-1 N } -

u (Ci,t/ Nz’,t} Zi,t) = Zi,t {

8This shock is commonly used in the literature as proxy for unexpected shifts in aggregate demand (AD). As discussed
below, this shock has no real effects when prices are flexible and households have full information. In section 4, I introduce
TFP shocks as a second source of aggregate uncertainty.



and that households’ consumption index is a CES bundle given by:

1 e ) =
Ciy = ( / C,,,,td]> , 3)

where ¢ > 1 denotes the elasticity of substitution across goods, and C; j; denotes the consumption of
variety j by household i. The preference shifter Z;; is given by

logZi; = pzlog Z; + n: + Cf,t,

ii ii @)
SN (0,0hp), & EN(0.8),

with p, € [0,1). The shock #; generates correlated desire across households to spend. A positive
value of #; increases (nominal) aggregate spending in the current period. On the other hand, the
shock &7, produces idiosyncratic variations in the discount rate of each household. The only purpose
of this shock is to prevent households from observing directly #; by observing Z, ;.

The maximization of (1) is subject to the following sequence of budget constraints in every period:

1
/o P;+Cijidj + Biy = Rit—1Bit—1+ Wit Nit + Dy, 5)

where W;; denotes the nominal wage rate faced by household i, P;; is the price of consumption va-
riety j, B;; denotes the quantity of nominally riskless one-period bonds purchased by this household
in period t, R;; is the gross nominal interest rate between t — 1 and t faced by the household, and D; ;
denotes the dividends it receives from firm ownership.

Let W; denote the nominal wage rate payed by firms, and let R; denote the nominal interest rate on
bonds set by the central bank. I assume that the corresponding nominal wage and interest rate faced
by household i are given by W;; = W;e®it and R;; = R, respectively. The shocks Cit YN (0,2%),
Gis 8N (0,¢%), and G7; in (4) are ii.d. across households and time, and are also independent of the
aggregate shock 7;.

This type of auxiliary shock is standard in the information frictions literature.” They can be al-
ternatively microfounded as the result of idiosyncratic income risk, market segmentation, interme-
diation costs, perceptual noise, or rational inattention. For the results in this paper, the particular
microfoundation is not crucial, as their only role in the model is to add “noise” to the market signals
available to households. I assume all households and firms hold rational expectations, so this noise
is necessary to preserve the absence of common knowledge in the model (Grossman and Stiglitz,
1980)).

9See, for instance, Lorenzoni (2009), Hellwig and Veldkamp (2009), Nimark (2014), Angeletos and Lian (2018), and
Angeletos and Lian (2021)



Learning by Shopping. The price index of the consumption bundle (3) is given by:

N
P — < / Pjtfd]> . ©)
L

I assume that households do not observe the aggregate price index (6) directly. Instead, they
infer P; using a set of noisy and private signals about prices acquired during their own shopping
experiences. I refer to this information friction as learning by shopping (LBS).

To introduce this friction, I assume that the problem of households in each period takes place into
two consecutive stages: A shopping stage and a paying stage.'?

In the shopping stage, each household receives a set of signals about the price of each consumption
variety. I denote signal about price P;; received by household i as S; ; ; and assume that its given by:

jid
log Si,j,t = log P]',t + €itr €it ~ N (O, 0'3) ’ (7)

where €;; is i.i.d. across households and time, and also uncorrelated with other shocks in the econ-
omy. Notice, however, that the shock €; ; is common across all signals received by a given household.
For this reason, the noise in signals will only affect the ability of each household to observe the ag-
gregate price level but not their ability to observe the relative price of each good.!!

During the shopping stage, household i also observes the nominal wage W;; and interest rate R;;
it faces, the nominal dividends received from firm ownershipas, and the preference shock Z; ;. Using
this information, the household forms beliefs about prices using Bayes rule and chooses the labor
supply N;; and the consumption of varieties C; ;, both of which are delivered in the following stage.

During the paying stage, households receive the consumption varieties ordered in the previous
stage and supply labor as planned. They also observe the value of their expenditures, denoted as
M;; = fol P;+C; ;+dj. With this additional information, each household adjusts its bond holdings B, ;
to make sure that their budget constraint binds.

Consequently, the information set of household i at the beginning of every period contains the
history of wages, interest rates, and preference shocks faced by this household. It also includes the
history of signals about the price of each consumption variety and the total expenditures, bond hold-
ings, and dividends observed at the end of the previous period. Formally, the information set of
household i at the beginning of period ¢ is given by:

Tip = Zip—1 U{Wir, Rip, Zip, Dig} U{Mis1, By} U {Sijit} iy (8)

The problem of household i in period f is to choose the labor supply N;; and the consumption
of each variety C; ;; to maximize (1) conditional on its private information (8), subject to the budget

19To abbreviate, we can call this the “Shopping and Paying in A New Keynesian Model”, or SPANK.

1T will show this formally when characterizing the beliefs of households below. Intuitively, each household can pool
all signals S; ; in its information set to construct a noisy signal S;; of the aggregate price level. Using this new signal, the
household can eliminate the common noise in the signals about relative prices. See Gabaix (2014) for a model where inat-
tention to prices alters the relative price perceived by households and the consequences of this form of bounded rationality.



constraint (5). At the end of every period, the household adjusts its bond holdings B; ; to make sure
that (5) binds.'?

Finally, it is important to note that the information structure (8) implies that households have
common knowledge about past aggregate outcomes. In equilibrium, the total expenditures of each
household depend on the price level. During the paying stage, households observe M;;, as well as
all other variables affecting their income. For this reason, they can use their budget constraint (5) to
infer P;_ at the beginning of period t. Households have rational expectations, so they can use this
information to infer the aggregate shock 7;_1 and, as a result, the value of all aggregate outcomes in
the past.

Discussion. LBS relaxes the assumption that consumers have full information about the current
price index Py and, consequently, about the current inflation rate 71; = log P; — log P;_;. The informa-
tion structure implied by (7) and (8) limits households” ability to infer 7r;. The idiosyncratic nature
of their shopping experiences produces dispersion in beliefs about current and future inflation. Full
information about 71; is nested as a special case when (73 = 0. In this case, households have common
knowledge about 71; and share the same belief about the current, past, and future value of inflation.

For the analytical results in this paper, it is not necessary to take a stand on the nature of the noise
in signals (7). One can think of this noise as a modeling device to incorporate two salient features of
the data: The large disagreement in households beliefs about inflation'?, and their reliance on their
shopping experiences to form these beliefs.'*

Having said this, in Section 4, I discuss an extension of the model where the noise €;; is micro-
founded as resulting from rational inattention to aggregate inflation. In this microfoundation, €;; is
the byproduct of households” optimal allocation of attention to inflation, and the variance of €;; is
endogenous and chosen by households to trade the costs and benefits of acquiring information about
this variable. There are, however, two additional interpretations of €;; which are not incompatible
with the idea that this noise comes from rational inattention.

The first interpretation is that this noise captures the differences in the prices paid by consumers.
The empirical literature has documented a massive degree of heterogeneity in the inflation rates
experienced by households.'® In particular, Kaplan and Schulhofer-Wohl (2017) show that most of the
variation in households’ inflation rates comes from idiosyncratic heterogeneity in the prices they pay
for the same type of goods.!® If some of this idiosyncratic heterogeneity is unobserved by households

12This restriction on the timing of households decisions is similar in spirit to the one introduced by Rotemberg and
Woodford (1997).

13Gee Jonung (1981), Stanistawska (2019), Arioli et al. (2017), and Detmeister et al. (2016) for evidence from households in
the E.U. and the U.S.. Kumar, Afrouzi, Coibion, and Gorodnichenko (2015), Coibion, Gorodnichenko, and Kumar (2018b)
and Bryan, Meyer, and Parker (2015) show that the beliefs about inflation from firms in New Zealand and the U.S. display
similar behavior.

14Gee, among others, Cavallo, Cruces, and Perez-Truglia (2017), Angelico and Di Giacomo (2019), Mosquera-Tarrio (2019),
Coibion, Gorodnichenko, and Weber (2020), D’ Acunto, Malmendier, and Weber (2021b), and D’Acunto, Malmendier, Os-
pina, and Weber (2021a).

15Gee Michael (1979), Hobijn and Lagakos (2005), Hobijn, Mayer, Stennis, and Topa (2009), and Kaplan and Schulhofer-
Wohl (2017).

16The authors show that variation in aggregate inflation explains only 9% of the variance of households’ inflation rates

10



at the point of purchase, signals S; j; can be interpreted as the price they pay for a particular good.

The second interpretation is that €;; is the result of correlation neglect.'” Prices can vary due to
movements in the aggregate price level and also because of movements in relative prices. But house-
holds can only observe the absolute price of each good they purchase. Disentangling the source of
variation in prices from this information is not an easy task. If households neglect some of the cor-
relation in prices induced by aggregate shocks, they will act as if they received noisy and correlated
signals with a structure given by (7).

In reality, the uncertainty about the aggregate price level is not erased by public signals like the
CPL. These signals are only available with a lag after households have made consumption decisions.
Moreover, households seem to ignore those public signals even when they are already available. As
discussed in the introduction, the empirical evidence suggests that households don’t pay attention
to public signals about inflation, and providing households with these signals has only partial and
short-lived effects on their beliefs about this variable. In the quantitative model used in Section
5, I allow for slow learning of the inflation rate over time by introducing additional noise in the
expenditures and dividends observed by households. This noise will break the common knowledge
about past outcomes across households, making the behavior of beliefs about inflation in the model

consistent with the empirical evidence.

Firms. Firms are price takers in the input market and use a linear technology of production Yj; =
Nj;, where N;; denotes the demand of labor by firm j in period t. The problem of firm j is to choose

the price of its own variety P;; to maximize the present value of its dividends, given by

> Py W k>
E, Y A PR TR e, 9
3 s (B - B ) € ©)

where C;; = fol Ci,jdi is the demand for variety j across all households, E; [-] denotes the full infor-
mation expectation operator, and A is a stochastic discount factor.

Every household in the economy has equal ownership of each firm, and their profits are redis-
tributed accordingly. It follows that the stochastic discount factor used by every firm is an equally-
weighted average of the stochastic discount factor of each household, which is given by:

Nt = B (Cirin/Cit) ™ (Zisr/ Ziy) -

Finally, I assume that firms face nominal rigidities that prevent them from adjusting prices in
every period. Specifically, I adopt the formalism proposed by Calvo (1983) and assume that each
firm can reset its price only with probability 1 — 6. This probability is exogenous, common across
firms, and independent from the time elapsed since the last time the price was adjusted. It follows

over time. The distribution of inflation rates in the data moves in parallel with aggregate inflation, but the observable
household characteristics have little power overall to predict household inflation rates.

17See Enke and Zimmermann (2019) for evidence of this behavioral bias in lab experiments and Kantorovitch (2020) for
a recent application of this bias to explain the misallocation of capital during booms.
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that a fraction 6 of firms keeps their prices unchanged in any period, and the average duration of a

price is given by 1.

Firms’ information set. To isolate the role of LBS, I assume that firms face no information frictions.
They can observe the value of aggregate productivity and their marginal costs. Firms also understand
that consumers form beliefs based on private signals. However, they don’t observe consumers’ sig-
nals or beliefs about prices directly. For this reason, firms cannot discriminate prices across customers

or commit to holding a specific price for several periods.

Government. The central bank issues bonds B; at zero net supply, and sets the interest rate i; =
log R¢ + log B following a standard Taylor rule of the form:

iy = P71y, (10)

where ¢, > 0 measures the strength with which the central bank responds to deviations of the

inflation rate from its target.

Equilibrium definition. In this paper, I focus on an equilibrium where agents hold rational expecta-
tions, make decisions contingent on their private information, and prices adjust to clear all markets.

Formally, an equilibrium of this economy is defined by a set of stochastic processes for the average
wage rate W;, the interest rate R;, the price of each variety {let}j )’
holdings of each household, {Nj;, B;}, c[04)- and the consumption of each variety by each household

{Ciji} (i,))€[0]? such that:

the labor supply and bond

1. Every household i € [0,1] maximizes its expected utility (1) conditional on its own information
set (8) and budget constraint (5).

2. Every firm j € [0, 1] maximizes the present value of its expected profits (9).
3. The interest rate follows the central bank rule (9).

4. Agents have rational expectations.

5. The goods and labor markets clear.

By Walras law, the last condition also implies clearance of the bonds market.

2.2 Equilibrium characterization

To keep the analysis tractable, I will work with a log-linear approximation of the model around a
neighborhood of its non-stochastic steady-state with zero inflation. In what follows, I denote the log-
deviation of a variable from its steady-state value in lower case.'® I will also introduce the following

assumption on the variance of the auxiliary shocks.

18The only exceptions are the price level p; = log P;, the nominal interest rate iy = log R; + log B, and the real interest
rate, denoted as 7;.
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Assumption 1. The variance of the auxiliary shocks 2 is such that 02 /{2 — 0.

This assumption guarantees that households rely exclusively on their shopping experiences to
form beliefs about P;. The assumption is not necessary to characterize the equilibrium of the model.
Still, it will help to simplify the exposition and isolate the role of learning by shopping in the transmis-

sion of macroeconomic shocks.!”

Beliefs about inflation. I start by characterizing households beliefs about inflation. To begin, note

that each household can construct a noisy signal of P} by averaging across S; ;. Let

1
St = exp { /0 log Si,]»,tdj} (11)

denote this average signal. Using S; ;, each household can construct a second set of demeaned signals
SR

ijt =

log (Sij/Si) that are exactly equal to the (log) relative price P].Ift. As a result, the relative price
of each variety is included in Z; ;.

Furthermore, households have common knowledge about past aggregate outcomes, so the past
price level p;_1 and the past aggregate shock #;_1 are also included in Z;;. Using this observation,
together with equations (6), (7) and (11), we conclude that each household has access to a noisy
private signal about the inflation rate of the form:

iid
Ty = T+ €ip, €~ (0, Uez) , (12)

where 717, = log S;+ — log Pt_1. The next step is to find the belief about inflation of each household.
To do this, start by noting that Assumption 1, and the observation that households have common
knowledge about past outcomes, imply that E;;t; = E {m | ni’it, nt,l} . Next, recall that both €;; and
1; are Gaussian random variables. This implies that, up to a first-order approximation, the inflation
rate 71; is also a Gaussian random variable. Consequently, we can use 12 and a well-known regression
lemma for bivariate normal random variables to express the beliefs about inflation of each household,

conditional on their own information set, as

Cov [m, nzt|m,1}

Ei,tnt =FE; 1m+ (7'(;} - ]Et—ln't) . (13)

Var {n;‘t|7tt_1}

1—n

In what follows, I refer to ¢ as the degree of anchoring of households beliefs about inflation. In
other words, i € [0,1] is defined as one minus the Kalman gain coefficient of their filtering problem.

This parameter measures the sensitivity of households” inflation perceptions to aggregate inflation.

YHouseholds are Bayesian, so their belief about P; is a weighted average of their shopping signals and other market
signals like their wage W; ;. As 02/{2 — 0, the weight assigned to signals that are not obtained while shopping converges
to zero. This allows keeping the characterization of households’ beliefs simple. Since {2 is a free parameter in the model,
one can always choose a region of the parameter space where this assumption holds approximately.
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In the limit of full information, c? — 0 so P, — 0, and the beliefs of households respond one-to-one
to the movements in the inflation rate. As 0?2 increases, {, increases and approaches to one. A higher
value of 1§ makes the beliefs of households underreact more to news about current inflation. In this
sense, P measures how anchored are the beliefs of households to their past.?’

Using (12), the degree of anchoring can be expressed as:

Var [7t¢| 71|

=1- . 14
P Var [7t¢|71;_1] + 02 (14

We can thus use (13) and the fact that E [¢; ;] = 0 to get:
Bt = 9B 7t + (1 — ¥r) 71, (15)

with E; = fol E;; [-] di denoting the average belief across households.

Individual demand for varieties, labor supply and Euler equation. I now turn attention to the
problem of each household. Let 131',,5 = E;;P; denote the belief of household i about the aggregate
price level, conditional on Z; ;. The first order conditions of the problem of household i are:

P\ W;
_ It ¢ _ i _
Cijt = <B> Cit, N;,Cly=Dj} ﬁzt , 1= BE;;

w —0 o
R Dl a (Ci,t+1> Zity1 Py

| il (16
it Dt Cit Ziy Pi,t+1] 1o

The detailed derivation of the previous expressions is given in Appendix A. The first condition
in (16) is the standard demand under CES preferences, as expected from the observation that house-
holds have full information about the relative price of each variety. The second and third equation
are similar to the standard labor supply and Euler equation under full information. There are only
two differences with respect to these counterparts: First, households have private information so
they condition their decisions to their own information set. Second, both equations are affected by
the presence of an additional term Df}. This term captures a wedge in expectations that arises due to
0

Jensen’s inequality. In Appendix (A), I show that, up to a first-order approximation, the term D'} is

equal to zero. Consequently, a log-linear approximation of the previous two equations yields:
pnip+0ciy = wir — Eipy, (17)

1. .
Cip = EjsCiti1 — - (it — Ei¢mipp1 + Eipzipr1 — zig) - (18)

We can see that the standard labor supply and Euler equation of the NK model also hold in this
model at the household level, after conditioning on their private information.

20This interpretation of anchoring is consistent with the definition used by Bernanke (2007), Mishkin (2007), Jergensen
and Lansing (2021), and Hazell, Herrefio, Nakamura, and Steinsson (2020) . Since a higher value of ¢ implies that house-
holds have less knowledge of current inflation, this term can be also interpreted as the degree of household inattention to
aggregate inflation.
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New Keynesian Phillips Curve. Integrating the first condition in (16) across consumers, we can

express the aggregate demand for variety j as
1 . —&
Cii = /0 Cijudj = (Pis/Pr)  Cy,
with C; = fol Ciidi. It follows that the problem of the firm in this setting is isomorphic to the problem

of the firm when households have full information about P;. From the first order conditions of this
problem, we obtain the following NKPC:?!

iy = BE 741 + A by, (19)
where o
A= (20)
(1-0)(1—po)

measures the inverse of the response of inflation to real marginal costs, defined as mc; = w; — p;. The
parameter A is increasing in the degree of price stickiness. Flexible prices are nested as the special
case where 6 = 0, in which case A = 0.

Now, let y; = fol Yjdj and ny = fol n;di denote, respectively, the aggregate output and labor
supply of this economy. The production technology of firms implies that y; = n;. We can thus
integrate (17) across households and use the market clearing condition c¢; = y; to derive the following
expression for the aggregate labor supply:

(p+0)yr =wr —pr +v] (21)

where v/ = p; — E;p; denotes the average perception error about the price level across households.
Equation (21) resembles the standard aggregate labor supply of a model with full information, but is
augmented by the presence of v}, reflecting an information wedge produced by LBS. Equation (21)
shows that LBS creates a labor wedge driven by the differences between the average wage perceived
by households and the real wage, which coincides with the wage perceived by firms. Using (21)
to replace the real marginal costs in (19), we arrive to the following expression characterizing the
aggregate supply of this economy:

7t = BE 41 + apcyr — /\_lvf (22)

where a},~ = (0 + @) /A is the slope of the Phillips curve in the full-information case. Equation
(22) reveals how this information friction augments the standard NKPC with the average perception
error about the price level across households. In the spirit of Friedman (1977), this term captures the

21The solution of this problem is well known (see, for instance, Chapter 3 in Gali (2015)), so I skip the details of the
derivation of this curve. Notice however that my definition of A is different from the standard presentation. In particular,
I take the inverse of the coefficient defined in textbook presentations to make this parameter increasing in the degree of
price stickiness. This will simplify the notation in the following results.
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differences in the perception of real wages between firms and households. To simplify the NKPC
further, we can use the observation that p;_; is part of the information set of all households. As a
result, the perception error v} is equal to the perception error about the current inflation rate v] =

7t — E¢7t:. We can thus replace v/ in (22) to write the NKPC as:

A o+ 1 =
T = m,ﬁlEtntJrl + <1+/\> Y+ mEtﬂt~ (23)

This equation reveals how LBS augments the standard NKPC with the presence of the average
belief about inflation across households. I will come back to this observation in the next section to
discuss the empirical evidence estimating the Phillips curve. To conclude, we can use (15) and reorder

terms to arrive to the following result.

Proposition 1. (NKPC) The aggregate supply of this economy is characterized by
e = (1= ¥r) BEeti 11+ ¥alBr a7 + apcys, (24)

where Y = Y/ (A + Yr), Pr is the equilibrium degree of anchoring defined in (14), A is the degree of price
stickiness given by (20), and
o+ ¢

At 9n @)

Xpc =
is the slope of the Phillips curve.
Proof. See Appendix B.3. O

The above proposition shows that LBS affects the supply side of this economy in two ways.

First, LBS affects the comovement between inflation and output, as reflected by the presence of
Y in the slope of the NKPC given by (25). In particular, this slope is positive even when prices are
flexible (A = 0), suggesting that the aggregate demand shock 7; can have real effects in this case. I
will verify this conjecture formally in the next section.

Second, LBS induces persistence in the behavior of inflation by making it a weighted average
of current and past expectations of this variable. The NKPC (24) resembles the one obtained when
tirms face sticky-information a la Mankiw and Reis (2002). The weight on past forecasts is given by
parameter ¥, which is increasing in 1. It follows that the dynamic properties of inflation will vary

with the degree of anchoring, which is, in turn, an endogenous object in the model.

Aggregate Euler equation. Derivation of the aggregate Euler equation of this economy is compli-
cated by the fact that the Law of Iterated Expectations does not hold for the average expectations
across households. Following Angeletos and Lian (2018) and Angeletos and Lian (2021), we can use
the budget constraint (5), together with individual Euler equation (18) to express the consumption of
each household as a function of its expectations about current and future income and interest rates.
Using this beauty-contest representation of individual consumption, we arrive to the following result.
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Proposition 2. (Euler equation) The aggregate demand of this economy is characterized by

1.,
ye=—- (it = Bymtppr + Bizeyr — z¢) + Eryppr + & + BE Xy, (26)

where Xy = H; + Ry is the sum of two information wedges given by

Hi = vy, + (1;'B> koil B /01 {Eityirk — Beyiix} (27)

and
R: = —o 'E {v;fm +kiﬁk {Vﬁkmt —%VZikt}} (28)
Here, v = p; — E;p; denotes the average perception error about the price level across households, and

7-[ _ = . . . . .
Viike = Tk — Eemtyqi is the average forecast error of inflation in t + k across households. Finally,

= (1) ().

where M = ¢/ (e — 1) denotes the firms markup in the non-stochastic steady-state.

Proof. See Appendix B.2. O

Equation (26) is similar to the standard dynamic IS equation but is augmented by two information
wedges that are a byproduct of LBS.??

The first wedge, H;, captures the effect of LBS on households’ perception of their human wealth,
defined as the present value of the purchasing power of their wage and dividend income. LBS makes
households” perception of their human wealth differ from the corresponding wealth deflated using
pt. Equation (27) shows that the cross-sectional average of these differences makes aggregate con-
sumption deviate from its full information counterpart. The differences, in turn, are proportional to
the present value of the average perception error about the price level, v/, and its strength depends
on the coefficient .

The second wedge, R, captures the effect of LBS on households” perception of their non-human
wealth, defined as the present value of the real return of their assets, denoted as r;; = i;; — 7;41. The
information friction makes households misperceive the current inflation rate. Equation (28) shows
that this misperception creates a wedge in aggregate demand by generating dispersion on beliefs
about current and future real returns. This wedge is proportional to the effect of inattention on
households’ forecasts about inflation and the nominal interest rate.”®

22 As discussed in the introduction, this representation is similar to the one derived by Angeletos and Lian (2021), with
the main differences arising from the nature of the information friction and the fact that I allow learning to be potentially
persistent over time.

23To see why this is the case, note that households have rational expectations and know that the central bank sets the
interest rate following (10). As a result, their interest rate forecasts are consistent with this rule, so the errors forecasting
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2.3 Equilibrium dynamics and degree of anchoring

The degree of anchoring (14), together with the NKPC (21), and the aggregate Euler equation (26),
characterize the dynamics of output and inflation in the model. I now solve the model by deriving
explicit expressions for the stochastic process of inflation and output in equilibrium. I then use these
expressions to characterize the existence and uniqueness of the equilibrium level of .
To do so, I start by conjecturing that both the inflation rate and the output gap follow ARMA
processes of the form:
T = P270-1 + 0517t — 07 p21fi-1, (30)

Ye = pYi—1+ 03t — 02111, (31)

where {67,607, 6,07 } are coefficients to be determined next.

Information wedges. We can use the conjecture (30) to find a simple expression for the informa-
tion wedges H; and R;. Using the observation that both #;_; and ;1 are part of households in-
formation set, we can express the difference between households” average expectations and their

tull-information counterparts as

k x X (32)
= (05 —00)m 5 k=>1,

Eixpir — Bexpyr = {

for x € {m,y}. In particular, households perception error about current inflation is proportional to
the degree of anchoring:
Vi = P00

We can thus use (32) in (27) to express the first information wedge as:

He= {265 —p: (6= 01) (L )| won.

Simmilarly, we can express the wedge R; as:

Ri = }T [Pz (0F — o7) <€¢_”5_plﬂ Pt

Collecting the previous results, we can write the information wedge in the aggregate Euler equa-
tion (26) as:

Xy = (X%T + <1 _plZBp) [(7—1 (6F — 07) (Bp=—1) — (65 — 67) (1 — 5)}) Valt, (33)

which in turn implies E; X} = 0.

the inflation rate will produce proportional errors forecasting the interest rate.
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Equilibrium dynamics. Equation (33) defines the information gap as a function of the undetermined
coefficients {9”, o7, Hg, 0‘1’ } Using the Taylor rule (10), to replace i; in (26), we can write the Euler
equation of this economy as a function on inflation, the output gap and the shock #; only. We can
use the resulting expression, together with conjectures (30) and (31), and the NKPC (24), to solve for
the undetermined coefficients. After some manipulation, it can be shown that the initial conjecture is

verified when 07 = 0 — () and:

o (MO ot (A 9/0) (55 -2 -P) ve y
0= AT (0T 9/0)pn T (A—x (@ +9) b w 59
v P+ A ~ PBp:

9?:93-(1[1-(“) Qﬂ} (36)

with

o= (o () (450))

Equilibrium degree of anchoring. Given the value of the previous coefficients, equations (30) and
(31) characterize the equilibrium dynamics of inflation and aggregate output conditional on a value
of . This value is itself a function of 7r;, as shown by (14). To complete the characterization of
the equilibrium, all that is left is to show that this fixed-point problem has a solution. The following
proposition provides to conditions that are sufficient to guarantee the existence and uniqueness of an

equilibrium in this economy.

Proposition 3. (Degree of anchoring) An equilibrium (, € [0, 1] exists and is given by the solution of

0.124D T\2
1—9r = o2 (90 ) Y, (37)

€

where O is given by (34). Moreover, if (o + ¢) x < 1 and

A1-p) (B - pz)) , 38)

-1
T >
or> Pt ( 1+¢@/0
the equilibrium . is unique.

Proof. See Appendix B.3. O

The above proposition shows the conditions that guarantee the existence and uniqueness of the
equilibrium of this model. The definition of coefficient ) in (29) suggests that, for reasonable values
of B, o and ¢, the condition (¢ + ¢) x < 1 is met.?* The proof of Proposition 3 shows that, when

24T fix ideas, consider values of B=099,0 =2, ¢ =4and ¢ = 6, which are standard in the business cycle literature. In
this case, (¢ + ¢) x ~ 0.05.
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shocks are i.i.d. (o, = 0), this condition alone is sufficient for the uniqueness of the equilibrium.
When shocks are persistent (o, > 0), this condition alone is no longer sufficient. However, a stronger
version of the Taylor principle, defined by condition (38), is sufficient to guarantee existence of the
equilibrium for any degree of shock persistence.

Intuitively, LBS results in slow adjustment of households’ perception of the real interest rate. In-
complete awareness of the macroeconomic conditions results in an incomplete passthrough of move-
ments in the interest rate set by the central bank to households” expectations. To stabilize inflation
after an expansionary demand shock, households should expect an increase in the real interest rate.
To achieve this, the central bank needs to compensate for the incomplete passthrough with a stronger

response of the interest rate, compared to the full information case.

3 The Macroeconomic Implications of Learning by Shopping

In this section, I use the conditions characterizing the dynamics of the model to show analytically
the mechanisms through which LBS affects the transmission of aggregate shocks. I start by showing
how the degree of anchoring changes with the structural parameters of the model. I then show how
LBS propagates the impact of demand shocks on output, even when prices are flexible. Next, I show
how price stickiness amplifies this propagation. Finally, I conclude by showing how the monetary
policy stance affects the slope of the Phillips curve and discuss the relationship of this result with the
findings of the empirical literature.

3.1 Endogenous anchoring

Equations (30), (31) and (37) characterize the equilibrium dynamics of output, inflation and beliefs of
this economy. I now use these equations to analyze the impact of inattention to aggregate inflation on
the transmission of aggregate shocks. To do so, it will be important to know how ¢, changes with the
structure of the economy. The following proposition shows that the same conditions that guarantee
the uniqueness of the equilibrium imply that 1 is increasing in the degree of price stickiness 8, and
the response of monetary policy to inflation ¢ ;.

Proposition 4. (Endogenous degree of anchoring) Assume (0 + ¢) x < 1 and condition (38) holds. Then

50 >0, Fre > 0.

Proof. See Appendix B.4. O

The intuition behind this result is straightforward. An increase in either 6 or ¢, reduces the
volatility of inflation. The former makes prices more rigid directly, while the latter “flattens” the
economy’s aggregate demand curve through the effect of interest rates on households savings deci-

sions. For a given level of noise in signals 02, the lower volatility of inflation results in a reduction of
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the informational content of the signals received by households. Consequently, they put less weight
on these signals, as implied by (37).
In what follows, I will assume that the two conditions guaranteeing the existence and uniqueness

of the equilibrium hold.

3.2 The propagation of demand shocks

To isolate the effects of the information friction, I will temporarily shut down nominal rigidities in
the model by setting & = 0. As discussed in the introduction, LBS introduces simultaneously three
channels that propagate the effect of AD shocks. The first channel allows this shock to have real ef-
fects by distorting households” perception of wages, introducing a wedge in the labor market. The
second channel amplifies the first by distorting households” perception of current income and, con-
sequently, aggregate consumption. Finally, the third channel introduces further amplification when
shocks are persistent by through the effect of the information friction on households” expectations of
future interest rates and aggregate demand.

To dissect the effect of each channel, I will start by considering the case where AD shocks arei.i.d.
over time (o, = 0). In this case, the aggregate supply side of this economy, given by the NKPC (24),

takes a very simple form:
Ty = apcyt, (39)

with apc = (0 + @) /. Notice that the aggregate supply is upward sloping as long as ¢ > 0. On
the other hand, the aggregate demand side of the economy simplifies to:

T = —ap (yt — 0’1zt) , (40)

withaap =1/ (0'_1([)7-[ — len) denoting the slope of the aggregate demand curve. When p, = 0, the
information wedge R; is turned off, and only #; affects the aggregate demand, as reflected by the
second term in the denominator of a 4p. In the special case where ¢ = 0, the coefficient x disappears
and the demand side of this economy is unaffected by the LBS assumption. Finally, note that, under
flexible prices, the labor supply is still given by (21), but the labor demand is flat since firms keep
their markups constant, so p; = w;.

Non-neutrality: The labor market wedge. To understand the first channel through which LBS prop-
agates demand shocks, it is helpful to represent on a diagram the labor market of this economy under
flexible prices, as given by equations (19) and (21). The first diagram of Figure 1 shows the effect of
the aggregate demand shock in the labor market of this economy.

Point A in the plot corresponds to the initial equilibrium before the shock. Suppose there is an
unexpected contraction in the aggregate demand in the economy. Proposition 5 shows that, under
full information (¢, = 0), this contraction is fully absorbed by the inflation rate. Wages and prices
fall proportionally due to firms’ desire to keep markups constant, and the real wage and the labor
supplied by households remain unchanged. After the shock, the equilibrium remains at point A.
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Suppose now that households’ inflation beliefs are anchored due to LBS (i, > 0). In this case,
households observe the reduction in wages that follows the demand shock. But the inflation percep-
tions are anchored, so they observe only part of the fall in the price level. As a result, households
perceive a reduction in the real wage even though it remains constant after the shock. As illustrated
in the first panel, the perception error v/ = p; — P acts as a wedge that shifts the labor supply and
moves the economy to a new equilibrium with lower output at the same real wage, as indicated by
point B.While the real wage remains constant, prices and wages fall with the demand shock, but less
so than in the full information case.

Labor Demand and Supply Aggregate Demand and Supply
w—p T
AD)(>O
AS
! |
AD)(>0 S.. 1 AD)(*O
\\ T ‘B :
\\\\C : ) :P - AD)
1 | |O y
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Figure 1: Propagation and amplification of a contractionary demand shock
Notes: The figure illustrates how learning by shopping propagates and amplifies the impact of a contractionary aggregate demand shock. The

left panel shows how the differences in the perception of the real wage between households and firms produces a fall labor supply and output
after the shock. The right panel shows how the intial effect is amplified by a fall in permanent income households’ perceive.

Amplification (i): Misperception of income. The previous analysis of the labor market offers an in-
complete view of the total effect of LBS. This information friction also affects households’ perception
of their human wealth. The perception error v/ enters as a wedge in the aggregate Euler equation
(26) and its effect on aggregate demand is captured by the presence of parameter x in equation (40).

To visualize the amplification coming from this channel, the second diagram of Figure 1 plots the
aggregate demand and supply of this economy, as given by (40) and (39). The aggregate supply has
a positive slope, as implied by the previous analysis of the labor market.

When x = 0, the aggregate demand is equal to its full information counterpart, as illustrated by
the blue downward sloping line. In this case, the contractionary shock to aggregate demand shifts
the AD curve and moves the equilibrium from point A to point B as a consequence of households’
perceiving an increase in real wages.

When x > 0, the aggregate demand curve is more sensitive to the shock, as shown by (40). As a

result, the same shock displaces the aggregate demand curve further. This additional amplification
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results from the fall in households’ perception of their permanent income: they observe the reduction
in the present value of their wage and dividend income after the shock but only observe part of the
reduction in the aggregate price level. In response, households reduce their consumption further,
amplifying the initial effect of the shock. Consequently, the new equilibrium, indicated by point C in

the graph, features lower output and inflation than when this channel is muted.

Amplification (ii): Discounting of Future Interest Rates. When p, > 0, a third channel due to LBS
affects the transmission of aggregate demand shocks: Households over-estimate the current response
of the real interest rate, while simultaneously under-estimating future adjustments in this variable.
After an expansionary AD shock, the central bank’s increases the nominal interest rate. To stabilize
inflation, this response must be accompanied by an increase in the real interest rate. Households
observe the current nominal rate but, because of the information friction, they underestimate the
future path of interest rates. As a result, they overestimate the increase in the real interest rate, but
also under-estimate the future reduction in the real interest rate. The first effect mitigates the effect
of demand shocks on impact, while the second effect amplifies this impact.> The total effect of this
channel is captured by the information wedge R defined in (28).

To summarize, the following proposition characterizes how LBS allows the propagation of de-

mand shocks when prices are flexible.

Proposition 5. (Propagation of demand shocks) Assume that § = 0. The response of inflation and output
to an agqregate demand shock in t is given by:
o7t

¢ oYt Yr
on; T o o+

with

Ay = - Q, (41)
P+ (1+2) 1—x(c+9))¢¥n

and Qr = (1= pz) / (pr — pz)-
Proof. See Appendix B.5. O

3.3 LBS amplifies the effects of nominal rigidities

The previous discussion shows that LBS itself can produce comovement between inflation and output
as the byproduct of demand shocks even when prices are flexible. To see this, consider again a
contraction in aggregate demand as the one illustrated in Figure 1. With LBS, this contraction resulted
in a fall in the labor supply from the perceived fall in real wages by households.

With price stickiness, this shock results in a contraction in labor demand by firms that further re-
duces equilibrium employment and output, as illustrated in the second panel of figure 2. The result-
ing fall in demand also reduces total firms’ profits and, as a consequence, the dividends redistributed

2This mechanism is related to the “discounting the GE adjustment in real interest rates” in Angeletos and Lian (2021).
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Labor Demand and Supply: Flexible Prices Labor Demand and Supply: Sticky Prices
w=p w—=p

Figure 2: Interaction of LBS and price-stickiness

Notes: The figure illustrates how price rigidities amplify the labor market wedge introduuced by the learning by shopping friction. The left
panel shows how the differences in the perception of the real wage between households and firms produces a fall labor supply and output
after the shock. The right panel shows how this effect is amplified by the countercyclical response of real wages.

to households. This results in a further deterioration on the perception of income by households,
amplifying the initial effect of the shock. Finally, nominal rigidities prolong the persistence of the in-
crease in real interest rates following the contractionary shock. This in turn makes households further
under-estimate the future fall of the real interest rate.

The following proposition summarizes this amplification by characterizing it as a multiplier over
the full information response of output to demand shocks.

Proposition 6. (The LBS multiplier) Let [dy;/ am]sp denote the response of output to a demand shock under
full information and sticky prices (62 > 0,0 = 0). Let [dy;/ am]““*sp denote the response when there both
LBS and sticky prices are present (¢ > 0, 0 > 0 ). The response of output to an aggregate demand shock in t

ayt:|LBS+SP |:ayt:|SP
= = |[==— x Y1Bs,

is given by:

with A=A+ (14 ¢/0) ¢pr, and

prtr N (A (1 +070) (E5) (@0 —B ) =2 (1=B)) p:tpn Bp- )
)) A+ (1= (0+9)X) ¢r _<1—ﬁpz>> '
(42)

Proof. See Appendix B.6. O

The key behind this result is the observation that price-stickiness results in a pro-cyclical response

of real wages to demand shocks that amplifies each of the three channels discussed in the previous
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subsection.

Perhaps more surprising is the fact that the impact of a demand shock when both frictions are
present can be larger than the sum of the corresponding impact when each friction is considered in
isolation. The following proposition establishes the conditions under which amplification on impact

can arise when shocks are iid.

Proposition 7. (The interaction of LBS and sticky prices) Assume that p, = 0. Let [dy;/ th]sp de-
note the response of output to a demand shock under full information and sticky prices (62 > 0, 8 = 0).
Let [dy:/ azt]LB S denote the corresponding response under LBS and flexible prices (¢7 > 0, 0 = 0). Let
[Qy:/ azt]LB STSP denote the response when there both LBS and sticky prices are present (c2 > 0,0 > 0). If

LBS+SP o A
S (7)a @
then
[ayt/azt]LBS+5P > [ayt/aZt]LBS + [ayt/azt]sp
Proof. See Appendix B.7. O

To understand this result, it is important to recall that while the equilibrium conditions for output
and inflation are linear, the model is not. The degree of anchoring ¢ is an endogenous object that
changes with the degree of price stickiness 6. Proposition 4 shows that ¢, increases with the degree
of price stickiness, and equation (41) shows that the response of output to demand shocks increases
with ¢, unambiguously when p, = 0. As a result, if the response of ¢, to the introduction of sticky
prices is strong enough, the new scenario will propagate demand shocks beyond what is possible by
each friction considered independently. Condition (43) shows that this amplification depends on the
relative magnitude of the slopes of the aggregate supply and demand curves, as reflected by the term

A .

3.4 The flattening of the Phillips curve

To understand the total effect of a change in the monetary policy stance, I now show that the increase
in anchoring produced by the higher value of ¢, reduces the slope of the NKPC of this economy.

Proposition 8. (Monetary policy and the NKPC) An increase in the response to inflation ¢ by the central
bank flattens the slope of the Phillips curve. Formally,

0 2.0
apc _ _ ®pc 1Pn<0

0P T+ ¢ Py

where apc is defined in (25).

Proof. See Appendix B.8. O
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To understand the implications of this proposition, recall that the NKPC of this model is given by:

1 ot
e = (1—Yy) BEimtip1 + ¥ rlBi1mm + (/\ n l/’ﬂ) Yt. (44)

With full information (1, = 0), the parameter A serves as a sufficient statistic to characterize the
comovement between inflation and output induced by aggregate demand shocks. The slope of the
NKPC, in this case, depends only on A, which is a function of the degree of price-stickiness but is
independent of the monetary policy stance.

With LBS, a second term appears in the Phillips curve. This term captures the impact of the
differences in perception of wages between households and firms. This information wedge acts as
an endogenous source of fluctuations in the firms” desired markup. The parameter A ceases to be a
sufficient statistic of the slope of the NKPC because LBS also induces positive comovement between
inflation and output. This can be clearly observed by the slope of the NKPC in (44), which is now a
function of 9.

But i, is an increasing function of ¢, as shown by Proposition 4. For this reason, a change to a
more hawkish monetary policy stance flattens the slope of the Phillips curve by increasing the degree
of anchoring of households’ beliefs about inflation.

We can use the previous results to interpret several findings of the empirical literature estimat-
ing the NKPC. The first empirical result relates to the flattening of the slope of the NKPC. Several
researchers have observed that the correlation of inflation and different measures of the output gap
has fallen over time, with the fall starting at some point in the 80’s.® The timing of the flattening of
the Phillips curve coincides with the change in the way monetary policy was conducted after Paul
Volcker was appointed Chairman of the Board of Governors of the Federal Reserve System (Clar-
ida, Gali, and Gertler, 2000). In the model, such a change in policy is captured by an increase of the
response of the central bank to the inflation rate, as measured by ¢;.

Consider now an econometrician that estimates apc using some measures of inflation, the output
gap, and the expectations of fully informed agents (for instance, those of professional forecasters who
presumably know the current inflation rate). The model predicts that this econometrician would be
estimating a specification like (44), where the slope apc is endogenous and changes with the mon-
etary policy stance. This econometrician will observe that, after the policy change, the slope apc
has become flatter, consistent with the empirical evidence for the U.S. The model suggests that the
estimated flattening is a consequence of the change in the conduct of monetary policy during this
period, which would be reflected in the lower correlation between output and inflation observed in
reduced-form specifications.

Recent work has also estimated the slope of the Phillips curve exploiting regional variation to
control for the confounding effect of aggregate variables, including the long-run inflation expecta-
tions and the response of monetary policy to demand shocks (see, e.g., McLeay and Tenreyro, 2019;
Fitzgerald, Jones, Kulish, and Nicolini (2020); Hazell, Herrefio, Nakamura, and Steinsson (2020)).

26Gee, for instance, Ball and Mazumder (2011), Kiley (2015), Blanchard (2016), Stock and Watson (2019), Hoynck (2020),
and Barnichon and Mesters (2020).
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These authors find that the slope of the Phillips curve is small and has remained constant in the last
decades. Their evidence is consistent with the finding that the response of inflation to variations in
marginal costs has not changed over time (Del Negro, Lenza, Primiceri, and Tambalotti, 2020; Barni-
chon and Mesters, 2021). To interpret the results of these authors, recall from Section 2 that we can
express the NKPC of this model as:

1
7t = BByt + apeyr — A7)

This equation suggests that that the estimation strategy used by the aforementioned authors con-
trols for the effect of the average perception error v} on inflation in a specification of the NKPC like
the previous one. Consequently, their empirical strategy delivers consistent estimates of the full-
information slope a}-, which is a function of of the response of inflation to marginal costs, as mea-
sured by A~!. Through the lens of this model, the findings of these authors suggest that the degree
of price stickiness in the economy has not changed over time.

But the previous empirical findings do not rule out the possibility that the slope of the NKPC, as
specified in (44), has flattened over time. Proposition 8 shows that the comovement between inflation
and output can fall, even if the degree of price stickiness A is constant, as a result of the anchoring
of households’ inflation perceptions. This result offers a way to reconcile the conflicting evidence
regarding the estimation of the Phillips curve.

The second result relates to the fit of estimated NKPCs. Many authors have estimated equations
similar to (44) using different proxies for the expectations of economic agents. A common finding
in this literature is that the expectations of households allow the estimated model to fit the data
better, explaining puzzles like the missing disinflation after the great recession (see, e.g., Coibion and
Gorodnichenko, 2015b; Coibion, Gorodnichenko, and Kamdar, 2018a; Jorgensen and Lansing (2021)).

To interpret this finding, recall from Section (2) that we can also express the NKPC in this model as:

BE;mi 1 + (W> Y+

E,; ;.
1+ A 7t

Tt

Y T+A

This equation suggests that the average belief about inflation across households should be in-
cluded in the econometric specifications of the NKPC. Moreover, the data suggests a very close re-
lationship between households” perceptions of current inflation and their expectations about future
inflation?”. If households answer expectations surveys by reporting their current perception, the ad-
dition of their expectations to econometric specification acts as a proxy of the missing term E;7t; in

the right-hand side of the previous specification.

27Using special questionnaires introduced in this survey, Axelrod et al. (2018) find that one-third of respondents report
the same perception of inflation as their reported expectation, and one-sixth reports expectations that deviate from their
perception by less than one percentage point. Similar evidence is provided by Jonung (1981) for a cross-section of swedish
households, Armantier et al. (2016) for a cross-section of households in the NY FED Survey of Consumers Expectations and
Coibion et al. (2018b), Candia et al. (2021) for firms in New Zeland and the U.S. Note that this is consistent with households
perceiving that the 12-month inflation rate follows a random walk. As shown by Atkeson and Ohanian (2001) and Stock
and Watson (2007), this is indeed a good approximation of the data generating process of this variable.
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Furthermore, LBS implies that the average beliefs of inflation across households are persistent
over time, which in turn induces endogenous and time-varying persistence in inflation, as captured
by the lagged expectations in (44). The persistent behavior of inflation and the fall in this persistence
in the last decades is also a well-documented empirical fact (see, for instance, Gali and Gertler (1999)
and Gallegos (2021)). Taken together, the previous observations may explain why Phillips curves fit
better the data when the expectations of households are used in their estimation.

4 Extensions: Technology Shocks and Rational Inattention

In the first part of this section, I discuss the impact of TFP shocks when consumers learn by shopping.
I show that the same forces propagating demand shocks work to attenuate the impact of technology
shocks on output. In the second part, I provide a microfoundation of LBS as the result of households’
rational inattention to aggregate inflation. In this extension, the variance of the noise in households’
signals becomes an endogenous function of the structural parameters of the model. Both extensions

will be included in the model used to study LBS quantitativelly in the next section.

4.1 The attenuation of technology shocks

I now turn attention to the transmission of technology shocks. I now assume that production function
of firms is given by
Yr=ar+ny,

with a; denoting aggregate TFP, which is exogenous and given by

jid
ay = Padt—1 + 7’];45,' TﬁAS e N (0, 01245) .
The conditions characterizing the equilibrium are similar to the ones derived in Section 2. In
particular, the aggregate Euler equation (26) remains unchanged, and the NKPC is still given by (24),
after replacing the output gap y; with the natural output gap, defined as

_i/“t =W —ay,

with @, = (14 ¢) / (0 + ¢) a;. Moreover, equation (37), which defines implicitly the equilibrium
value of ¢, remains unchanged if we redefine the signal to noise ratio as g = %. Finally, if
we set p; = p;, the characterization of the equilibrium is identical to the one proviéled when only
aggregate demand shocks are present.”® To illustrate how LBS alters the transmission of technology
shocks on output, I will focus now on the case where shocks are i.i.d. (0, = p, = 0) and prices are
flexible (6 = 0). In this case, the aggregate demand and supply blocks of the model simplify to

Tl = —&AD (yt - Z) ’ (45)

281f p, # pz, the only difference is that the process has now an AR(2) component.
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e = ape (Y — ay), (46)

with z; = 071z, wap = 1/ (07 ¢r — xx) and apc = (0 + @) /9. Notice that these equations are
similar to the ones derived in the previous section to illustrate the propagation of demand shocks,
except for the presence of 4; in the supply block of the model. Technology shocks now act as a source
of exogenous shifts in aggregate supply.

Using (45) and (46), we can derive the following expressions for the equilibrium value of output

and inflation:

Y = Aygt + (1 — Ay) ﬁt, (47)
Tty = An (Zt — ﬁt) P (48)

where Ay = aap/ (eap + apc) denotes the response of output to (normalized) aggregate demand
shocks z;, and A; = apcAy is the response of inflation to the reduced form shock u; = z; — 4;.
Collecting the previous expressions, we arrive to the following result.

Proposition 9. (Attenuation of technology shocks) Let [dy;/0a,])"" denote the equilibrium response of
output to a technology shock under full information and let [y;/ aat]LB S denote the response under LBS.

Then: LBS .
HENCOR
da; o+ oa;
with .
0 " Pr
Ay = — (49)
P (ot @) o a1 (0 + @) X) Yr
Proof. See Appendix B.9. O

To understand this result, it is useful again to plot the labor supply and demand of this economy.
The first diagram of Figure 3 shows the effect of a positive productivity shock on the labor market of
this economy.

The equilibrium before the shock is highlighted by point A. The increase in aggregate productiv-
ity allows firms to produce at a lower (nominal) marginal cost. Firms want to keep their markups
constant, so they reduce prices proportionally, leading to an increase in the real wage. This effect is
captured by the upward shift of the labor demand curve.

Under full information (i, = 0), the labor supply curve remains at the initial position, so the
increase in TFP pushes the economy to a new equilibrium B featuring higher output and higher real
wages. If households’ beliefs about inflation are anchored (¢ > 0), the reduction in prices perceived
by households is lower in magnitude than the reduction in prices by firms. As a result, households
perceive a more moderate increase in real wages and consume less in response. The information
friction creates a wedge in labor demand that shifts the labor supply, offsetting part of the increase in
output due to the rise in productivity. The equilibrium with LBS, indicated by point C, features higher

real wages but an output level that lies between the initial output level y and the full information level
/

y.
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Figure 3: Learning by shopping and the attenuation of technology shocks
Notes: The figure illustrates how LBS attenuates the impact of a positive TEP shock. The left panel shows the the reduced impact of the

shock in the labor supply due to the differences in the perceived real wage between households and firms. The right panel shows the further
attenuation arising from households’ underreaction to the increase in permanent income produced by the shock.

The second diagram of Figure 3 shows the effect of a technology shock on the aggregate de-
mand and supply of this economy. As indicated in the previous paragraph, the productivity shock
moves the equilibrium from point A to point C. When the information wedge in aggregate demand
is present (x > 0), there is a second round of attenuation: The slope of aggregate demand is now
steeper, the increase in output is further mitigated, and the technology shock is largely deflationary.
This additional attenuation comes from the fact that households underreact to the increase in perma-
nent income from the technology shock, since they don’t fully observe the fall in the aggregate price
level that follows this shock. The final equilibrium, indicated by point D, features a more modest

increase in output than what would be observed under full information.

4.2 Learning by Shopping as Rational Inattention to Aggregate Prices

An underlying assumption in the analysis made so far is that the variance of the noise in signals 02 is
constant and exogenously given. I now relax this assumption by allowing households to choose the
precision of their signals. Following the Rational Inattention literature pioneered by Sims (2003), I
assume households decide the amount of attention they allocate to aggregate inflation by trading the
costs of acquiring information about this variable with the cost of ignoring this information. I now
describe the two components of this problem.

The costs of ignoring inflation. Inattention to aggregate inflation results in consumption, savings
and labor supply decisions that differ from those that the household would take under full informa-
tion. It follows that an agent that ignores inflation achieves a lower welfare (1), compared to a fully
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attentive agent.

To derive an expression for the welfare costs incurred by household i from ignoring aggregate
inflation, I replace the budget constraint (5) in the objective function (1). A log-quadratic approxima-
tion of the household’s objective function around the non-stochastic steady-state yields the following
result.

Proposition 10. (The costs of inattention to inflation) The welfare cost for household i from having in-
complete information about P; is given by:

1

TCr=—3C B0 Y B o (e — i) + M (mis— niy) ) 0
t=0

where c;y — c;, and n;; — nj, are the deviations of household’s consumption and labor from their full-information
counterparts. These deviations are given by

Cijt = Cip = _Eﬁ {VZZ,TtH + ) B Vi — ‘Pan‘,ntJrk}} +BX Y ﬁkvff‘l’k’ (51)
k=1 k=0
1 o *
iy — Ny = ;Vft - 5 (Ci,t - ci,t) : (52)
Proof. See Appendix B.10. O

The above proposition shows that the private costs of ignoring inflation are proportional to the
magnitude of the misperception about the price and the forecast errors about future inflation. The
information gaps translate into sub-optimal consumption and labor supply decisions. The deviations
(51) and (52) closely resemble the information wedges affecting the aggregate Euler equation (26) and
the aggregate labor supply (26). The resemblance is not a coincidence, as these wedges are the result
of aggregating this microeconomic friction across households.

Importantly, Proposition 10 shows that these deviations have second-order effects on the welfare
of each household. Nevertheless, they can have first-order effects on the behavior of macroeconomic
variables, as illustrated by the presence of the aggregate information wedge in (26). As a result,
small costs of acquiring information at the private level can have first-order effects on the behavior
of output and inflation, as illustrated by the results in the previous sections. Akerlof and Yellen
(1985) observed that this is also the case with menu cost models. The two frictions represent forms of
near-rationality where individual agents face second-order losses from deviating from the frictionless
behavior. Still, the small deviations at the individual level can give rise to comovement between
output and inflation.

The costs of acquiring information. In absence of any constraint on information acquisition, house-
holds would choose to observe inflation with infinite precision. Following the Rational Inattention
literature, I assume that the utility costs of acquiring information are linear in Shannon’s mutual in-
formation function. Formally, let p” = {Pt}tho and s = {si,t}tT:O denote the history of the aggregate
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price and the signals received by household i up to period T. Let H (p’) and H (p’|s!) denote the
entropy and conditional entropy of p’ and s]. I assume that the agent’s flow cost of information at
time t is given by wI (p7, sT), where

I (PT, SiT) =H (pT) -H (pTlsiT) , (53)

is the mutual information between of pT and sT, and w > 0 is the marginal cost of a unit of informa-
tion.?” Intuitively, mutual information measures the reduction in uncertainty about aggregate prices
p! from observing s”. The cost w > 0 can be interpreted as an opportunity cost, measured in utility
terms, of devoting attention to tracking inflation. This will be a crucial parameter in the quantitative

model used in the next section.

The attention problem of the household. We are now in position to state the attention problem
of the household. In period t = —1, before choosing consumption, each household chooses the
precision of the signals that it receives in the following periods. In each period ¢ > 0, the expectation
of current and future prices is formed conditional on the sequence of all signals that the household
has received up to that point in time.

Formally, let @ = 2w/C'~7. The problem of the household is to choose ¢ to maximize:

~3CE LB {o (= cin) + M7 (mg = i)+t (psT) ], (54)
subject to the signal structure (7) and equations (51) and (52) defining ¢;; — ¢}, and n;; — n},.

Solving this problem is only possible using numerical methods, as will be the case in the next
section. But we can gain some intuition by studying the closed-form solution that results when the
aggregate shocks are i.i.d.To do so, recall that, conditional on a value of Ug, the equilibrium inflation
is given by equation (48). Moreover, both inflation and signals are Normal random variables that

follow i.i.d. processes, so mutual information (53) takes a simple form:°

. 1 Var |7t
I (7, 7wfy) = Elog (1 + 0-[2t]> :

€

We can see that mutual information is increasing in the signal-to-noise ratio of the signals. Notice
also that the agent is atomistic and takes the variance of inflation Var [rr;] as given. The fact that

inflation follows an i.i.d. process implies that the deviations (51) and (52) simplify to
Cit — Czj'ﬂ,t = ,BXVZ‘Z/

. 1
My —Njp = 5 (1—-0Bx) Vft

2Gee Cover and Thomas (2012) for a comprehensive introduction to information theory.
30Here I use the natural logarithm to express information units in nats, as opposed to bits, in which case, the logarithm
has base 2.
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We can thus rewrite the information acquisition problem (54) as

. 21 Var [714]
) P
rr;:zn QF; 4 [(vi’t) } +wlog (1 + ) > (55)

where the parameter () is given by

_ o 2 al 2
QO=cC <U([3)() + M q)(l aBx) ) (56)

This parameter summarizes the costs from sub-optimal attention to inflation. Finally, we can use

the well-known regression lemma for the distribution of bivariate normal variables to get:

Var [71;]

2
Bia | (v4)] = Ve [l ) = Var ] = e

We can thus take first order conditions of (55) and solve for ¢ to arrive to the following result.

Proposition 11. (Optimal attention to inflation) The degree of anchoring }, of a rationally inattentive

P, = max {min{g,l},O}.

Proof. See Appendix B.11. O

household is given by

Proposition 11 shows that the optimal level of inattention ¥}, is common across households, in-
creasing in the costs of acquiring information w, and decreasing in the utility costs of ignoring in-
flation (). These costs, defined in (56), reflect the impact how the suboptimal choice of consumption
and labor due to LBS impacts the utility of the household. The optimal choice of attention ¢? in this

simple setting requires households to keep a constant signal-to-noise ratio Var [71;] /0?2

5 Learning by Shopping: A Quantitative Analysis

In this section, I explore the quantitative relevance of LBS. To do so, I calibrate an extended version
of the model to the U.S. data and use it to study the dynamic response of inflation and output to
aggregate shocks. I conclude by studying the impact of a change in the monetary policy stance in
this quantitative setting.

5.1 Quantitative model

The quantitative model used in this section incorporates the two extensions discussed in Section 4: I
allow the presence of shocks to both aggregate demand and TFP and assume these can be persistent
over time. I also assume that households are rationally inattentive and choose 0?2 to maximize (54)

subject to the information flow constraint (53).
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I also relax the assumption that households have common knowledge about past aggregate out-
comes, allowing learning to be persistent over time. To do so, I assume that the total expenditures
M; ; and dividends D;; are subject to an auxiliary noise shocks similar to those affecting households
wages. This noise prevents households from inferring the past price level at the beginning of each
period.3! For this reason, their prior beliefs no longer coincide with the past aggregate price. As a
result, households also disagree about past outcomes.

Finally, I introduce the following assumption on the initial information set of households.
Assumption 2. The initial information set, Z; 1, contains an infinite history of signals.

The above assumption is common in the rational inattention literature.*? It allows me to abstract
from purely deterministic transitional dynamics in the conditional second moments of beliefs. This
guarantees that the Kalman gain coefficients characterizing the learning process of households are
constant over time. Nevertheless, the Kalman gains will still be endogenous objects determined in
equilibrium.

With these additional features, the model can only be solved numerically. In Appendix C, I pro-
vide a computational algorithm to do so. Using this algorithm, I now study the behavior of the model
quantitativelly by calibrating it to the U.S. data.

5.2 Calibration

Most of the parameters in the model can be calibrated using values commonly found in the business
cycle literature. The only non-standard parameter is the cost of acquiring information w in (53).
This cost determines the magnitude of the information friction and plays a crucial role in this model.
Unfortunately, there is no direct counterpart of w in the data. However, there is a direct relationship
between w and the Kalman gain coefficients associated with households’ filtering problem. To see
this, note that the beliefs of households are now given by:

Pit—nt = Pijp—njt—1 +&n (Pt — Pigje—1) +xn€ir, h=0,1,..., (57)

YoY —
ts T

where p; ;s = Eispis, and x; € [0,1] is a Kalman gain determined in equilibrium. Now, let 7T
fol {f)\i,t\s - ﬁi,t—12|5} di denote the average belief across households about year-on-year inflation, con-
ditional on information up to s. Using (57) when h € {0,12} and averaging across households, we
obtain:

0 = (1= ) 1 + )y + s, (58)

where u; = (1 — ¢r) fol {8it-12 = Pit—12t_1 } di is a residual term proportional to the signals acquired
in the previous year, and ¢ = 1 — (ko — k12) is now the degree of anchoring of year-on-year inflation

31The shocks plays a similar role to the auxiliary shocks introduced in Section 2. One can think about M; as the credit
card bill and interpret these shocks as unexpected fees and charges in the credit card bill that prevent each household from
inferring the aggregate price level P; from just looking at its credit card bill.

32Gee, for instance, Woodford (2009), Mackowiak and Wiederholt (2009), and Ma¢kowiak and Wiederholt (2015). The
assumption also provides a useful benchmark to compare the model with models where firms are inattentive.
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(assuming a monthly frequency).

As shown in the previous section, the cost of acquiring information w affects the precision of sig-
nals 02 and, through this channel, the value of the Kalman gains x;. We can thus use data on average
inflation beliefs across households to estimate ¢, using (58), and then calibrate w to target the re-
sulting estimate. Doing so (58) requires data on both inflation perceptions and inflation expectations.
Unfortunately, such a dataset is not available for the U.S.

However, recent evidence by Axelrod, Lebow, and Peneva (2018) suggests that the inflation ex-
pectations reported by participants of the Michigan Survey are very similar to their perceptions about
current inflation.?* This suggests that the measures of expectations available in this survey are good
proxies of households perceptions about inflation. Under this interpretation, we can estimate (58)
using the data shown in Figure 4, by replacing ﬁtﬁfy with ﬁﬁﬁ -

Table 1 shows the results of this exercise using monthly data and the year-on-year CPI inflation
rate as a proxy for 71}°Y.>* The results of specifications 1 and 2 shows that the model has a good fit
to the data. Moreover, when the constant term is dropped, we cannot reject the null hypothesis that
the sum of the coefficients associated to 71/°¥ and 7?21;’1_/1

when one of the variables is a distributed lag of the other, so that they are cointegrated. Specifications

is equal to one. This is that we would expect

3-6 show that the value of this coefficient has not been stable over time. In the period preceding
Volcker’s tenure as Fed Chairman, the anchoring coefficient was almost half the size of the coefficient
in the post-Volcker period.>> This is consistent with the prediction of the model that the degree of
anchoring is endogenous and depends on the conduct of monetary policy.

Figure 4: Inflation Expectations by Households in the U.S.

15
— CPl Inflation Rate
10 — Michigan Survey of Consumers
5
0

1980 1990 2000 2010 2020

Notes: The figure shows the average expectation about future inflation held by participants of the Survey of Consumers conducted by the
University of Michigan. The red line shows the average belief about how prices will change in the following 12 months. The blue line shows
the 12-month CPI inflation rate provided by the U.S. Bureau of Labor Statistics.

33 As discussed in the third part of Section 3, several authors have found similar findings in other countries and surverys,
and also on the firms’ inflation expectations.

34 A similar econometric specification is used in Carroll (2003) to estimate the relationship between households’ expecta-
tions and those of professional forecasters.

35The results are similar if we instead split the sample in 1990m01, which is a break commonly used in the literature to
estimate the slope of the Phillips curve.
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Table 1: Inattention to Inflation in the Michigan Survey of Consumers

Estimating Equation: 72}°Y = Bo + B17}°Y + B2t} + €

Equation BO 31 EZ P Sample R?
1 0315  0.106 0.804 0.94
(0.092)  (0.022) (0.046) 1976M01
2 0.047 0.941 0.833 2019M12 0.98

(0.015) (0.016) (0.042)
3 0495  0.166 0.721 0.83
(0538)  (0.052) (0.099) 1978M01
4 0.166 0.775 0.466 1982M12 0.98
(0.051) (0.080) (0.145)
5 0.689  0.086 0.695 0.70
(0.118)  (0.018) (0.046) 1983M01
6 0.052 0.946 0.847 2019M12 0.98
(0.016) (0.016) (0.044)

Notes: This table shows the estimated degree of anchoring. 7Z}°Y is the period-t mean of the Michigan survey measure of households

inflation expectations over the next 12 months. 71;°Y is the CPI inflation rate between period ¢ and ¢ — 12. Standard errors (shown in
parentheses) are corrected for heteroskedasticity and autocorrelation following a Newey-West ((1987)) procedure with twelve lags. The level

of anchoring at quarterly frequency is computed as i, = B% and its std. erros is calculated using the Delta method.

Parameter values. The baseline calibration of the model is summarized in Table 2 . I assume each
period is a quarter and set the discount factor 8 to 0.99, so that the steady-state real risk-free rate is 4
percent. I set the inverse of elasticity of intertemporal substitution ¢ to 2, consistent with the baseline
estimates by Crump, Eusepi, Tambalotti, and Topa (2015).° I set the inverse of the Frisch elasticity
of labor supply ¢ to 4, following Chetty, Guren, Manoli, and Weber (2011). I also set the elasticity of
substitution across varieties to ¢ = 6, the Calvo index of price rigidities 6 to 0.75 (consistent with an
average price duration of one year), and the inflation coefficient in the Taylor rule ¢, to 1.5. Finally, I
fix prrp = pap = p to make sure that differences in the response of AD and TFP shocks are not driven
by differences in their persistence. I then calibrate simultaneously parameters (p, aiD, U%FP, w) to
match four moments of the data for the post-Volcker period: 1) The correlation and 2) variance of
quarterly Core CPI inflation observed, 2) the share of variance in output explained by non-technology
shocks estimated in Gali and Gambetti (2009), and 3) a value of ¢, of 0.85, in line with the estimated
values of specification 6 in Table 1.>” The value of w necessary to match the desired calibration
implies that the costs of acquiring information wl (-) are equivalent to 0.2% of the steady-state level of
consumption of each household. These costs are small, in line with the predictions from Proposition
10 and the observation by Cochrane (1989) that the costs of deviating from the permanent income

decision rule are arbitrarily small for a consumer..

36Note that these authors estimate an Euler equation by individual that corresponds directly to equation (18) in this
model.

3Matching the behavior of inflation is particularly important in this exercise as this determines households’ costs and
benefits of ignoring inflation.
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Table 2: Model Calibration

Parameter Value Description Source / Target
Assigned
B 0.99 Discount factor quarterly frequency
o 2 Inv. elasticity of intertemporal subs. Crump et al. (2015)
@ 4 Inv. Frisch elasticity of labor supply Chetty et al. (2011)
£ 6 Elasticity of substitution avg. price markup of 20%
0 0.75 1 - Prob. of adjusting prices avg. price duration of 4 quarters
Pr 15 Interest rate rule coefficient Taylor (1993)
Calibrated
0 0.93 Persistence of shocks Corr [y, 7t3-1] = 0.79
OTFP 0.85 x 1073 Std. Dev. TFP shock SD [y¢|z¢] /SD [y¢] = 0.70
TaD 3.81 %1072 Std. Dev. AD shock SD [mt, 4—1] = 0.79
w 1.35 x 1073 Information cost Yo =0.85

Notes: The table presents the baseline parameters for the quantitative model. The first panel shows the value of the parameters assigned
based on values commonly found in the literature. The second panel shows the value of four parameters calibrated jointly to match different
moments in the data.

5.3 Dynamic response to aggregate shocks

Aggregate demand shock. I start by studying the dynamic response of aggregate variables in the
model to an expansionary shock in demand. Figure 5 shows the response to a one standard deviation
shock under three different scenarios.The first scenario, in blue, shows the response when price stick-
iness is the only friction present (w = 0, 6 > 0). The shock produces comovement between output,
inflation, and employment, as is the usual case with this nominal rigidity. Notice that the inflation
perceived by households is identical to the actual inflation rate in this case.

The second scenario, in red, shows the response when LBS is the only friction present in the
model (w > 0, § = 0). Consistent with the results from Proposition 5, the information friction also
produces comovement between inflation, employment and output. In contrast to the scenario with
price stickiness, the dynamics of output and employment show additional persistence and a hump-
shaped response to the shock, consistent with the analytical results from the previous sections.

The third scenario, in yellow, shows the response when both sticky prices and LBS are present.
The interaction of the two frictions amplifies the response of output and employment dramatically:
the response of output on impact is approximately 8 times larger than the corresponding response
under full information. This suggests that the propagation and amplification induced by LBS is
substantial in quantitative settings, allowing small demand shocks to produce large fluctuations in
output.

Notice also that the response of output on impact in this scenario is arppoximatelly 2.5 times
larger than the sum of the impact response under the other two scenarios. This non-linearity is
consistent with the results of Propistion 7. The quantitative exercise shows that this interaction also
adds additional persistence to the response of output: after ten periods, the response of output to this
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shocks is still larger than corresponding response in the two alternative scenarios.
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Figure 5: Dynamic Responses to an Aggregate Demand Shock
Notes: The figure plots the impulse responses to a one standard deviation expansionary shock in aggregate demand under the baseline

calibration. The blue line shows the response when price stickiness is the only friction present. The red line shows the corresponding
response when learning by shopping is the only friction present. The yellow line shows the response when both frictions are present.

Technology shock. Figure 6 shows the response of a one standard deviation positive shock to TFP
under the three different scenarios considered before. We can see that LBS attenuates the response of
output, but the attenuation is much larger when this information friction interacts with price sticki-
ness. The figure shows how this mitigation comes from the lower perceived inflation, which makes
households perceive a real wage that is lower than the actual wage. The effect of this inattention is ob-
served in the amplification of the negative response of employment to this shock. This result suggests
that technology shocks are even less likely to generate positive comovement between employment
and output when consumers learn about inflation by shopping.

5.4 The effect of a change in the monetary policy stance

I now use the calibrated model to analyze the impact of a change in the monetary policy stance.
Proposition 4 shows that, in the more stylized model, the degree of anchoring 1, changes with ¢.
Consider now a change of monetary policy to a more hawkish stance, reflected as an increase in
the value of ¢,.. This policy change flattens the aggregate demand by making the interest rate more
sensitive to variations in inflation. In the absence of information frictions, this policy unambiguously
reduces the volatility of inflation produced by demand shocks. With LBS, the reduced volatility in
inflation increases 1p,;, which in turn increases the persistence of inflation, as well as the propagation
of demand shocks. I now explore the extent to which a change in the monetary policy stance can

affect the dynamics of inflation and the propagation of aggregate shocks quantitatively.
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Figure 6: Dynamic Responses to a Technology Shock
Notes: The figure plots the impulse responses to a one standard deviation expansionary shock in TFP under the baseline calibration. The blue

line shows the response when price stickiness is the only friction present. The red line shows the corresponding response when learning by
shopping is the only friction present. The yellow line shows the response when both frictions are present.

Following Mac¢kowiak and Wiederholt (2015) and Afrouzi and Yang (2021), I lower the coefficient
of ¢ from 1.5 to a value close to B!, and compare the IRF’s and the second moments of inflation
and output with those observed in the pre-Volcker period. This allows us to test some of the theo-
retical predictions from the last sections and see if they can match the U.S. experience from the last
decades. I will also consider two alternative counterfactuals that will disentangle the effect of having
endogenous information acquisition in the model. Table 3 shows the second moments that results of
this exercise, and Figures 7 and 8 show the IRFs in response to an aggregate demand and technology
shock in each scenario.

Column (2) shows that the calibrated model predicts an increase in volatility and persistence of
inflation after the policy change. This prediction is consistent with the higher volatility and persis-
tence in Core CPI inflation observed during the pre-Volcker era, as shown in Column (3). Such a
policy leads to an unanchoring of households” inflation perceptions, but its magnitude is larger than
what is suggested by the estimates from Table 1. Column (2) shows that the model also predicts that
the share of volatility of GDP explained by aggregate demand shocks decreases under a more dovish
policy. This is a result of the amplification of demand shocks produced by inattention to inflation.*®

To gain further insight on the impact of having incomplete information in the model, Column (4)
shows the corresponding moments when only nominal rigidities are present. The results show that

38This observation may seem at odds with the evidence of a lower contribution of demand shocks to fluctuations in
output by Gali and Gambetti (2009). One possible explanation is that the change in policy considered here is larger than
the change that actually took place during these periods, as shown by the “overshooting” of the inflation anchor, and that
the sample used for this calibration includes an additional decade of observations after the Great Recession.
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Table 3: Moments Implied by the Model Under Different Calibrations

Full Sample  Pre-Volcker (¢, = 1) Post-Volcker (¢, = 1.5)
ey @) ©) (4) ©) (6) @)
Endog. Full. Exog. Endog.
Moment Data Info. Data Info.  Info. Info. Data
SD (71) 0.65 0.83 0.88 0.12 0.18 0.24 0.24
Corr (71, 7tp—1) 0.87 0.93 0.85 0.92 0.77 0.79 0.79
Yr 0.83 0.23 0.46 0 0.57 0.85 0.85
SD [y¢|z¢] /SD [y:] - 0.62 0.76 0.09 0.49 0.70 0.70
SD [y4]z:]P*%" /SD [ys|z)"" - 015 081 1.23  0.59
SD [y¢|as) ™" /SD [y |a:]) "™ - 127 114 098  0.83

Notes: The table presents moments of the data and simulated series from the model under four counterfactual scenarios. Column (1) displays
the moments of the data for the full sample. Column (2) and (3) show the moments implied by a more dovish monetary policy and compares
them with the moments in the data for the Pre-Volcker era. Column (4) shows the corresponding moments when housheolds have full
information about inflation. Column (5) shows the moments implied by the model when information is exogenos and fixed to its value in the
Pre-volcker era. Column (6) shows the moments implied by the baselina calibration, and Column (7) shows the corresponding moments for
the Post-Volcker era.

a model without LBS has a hard time rationalizing the fall in persistence of inflation observed after
an increase in ¢. It also predicts a strong reduction in the volatility of inflation and the contribution
of demand shocks that goes beyond what is observed in the data.

To highlight the importance of taking into account the endogenous response of households to
changes in policy, consider an scenario where the value of ¢? is fixed to the value implied by the
counterfactual exercise of column (2). We can interpret this scenario as an experiment where a policy
maker in the pre-Volcker era tries to predict the effects of an increase in ¢,. Column (5) shows
that the policy maker using a model with exogenous information would correctly predict the fall in
the volatility and persistence of inflation, as well as part of the anchoring of beliefs. Moreover, the
exercise would predict that the change in policy would result in a response of output to demand
shocks that is larger but short-lived, as shown in Figure 7.

But this model would give an incomplete picture of the effects of the policy. The success in re-
ducing the volatility of inflation lowers the incentives to learn about inflation. Households rationally
choose to ignore inflation even more after the change in policy, producing a second round of re-
anchoring of their beliefs. As shown in Figure 7, this re-anchoring amplifies the persistence in output
from demand shocks and mitigates even further the impact of technology shocks.

This exercise suggests that inattention to inflation is a sign of success by the central bank on its
mission of stabilizing inflation. However, it also suggests that this success has unintended conse-
quences: The anchoring of household inflation expectations exacerbates the effect of information
frictions in the economy. As a result, the impact of technology shocks on output is mitigated, further
enhancing the role of demand shocks in driving the business cycle.
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Figure 7: Dynamic Response to an Aggregate Demand Shock under Different Policy Scenarios
Notes: The figure plots the impulse responses to a one standard deviation expansionary shock in aggregate demand under different scenarios.
The blue line shows the response when ¢, = 1.0 and all other parameters remain as in the baseline calibration. The red line shows the
response when ¢, = 1.5 and price stickiness is the only friction present. The yellow line shows the response when ¢, = 1.5 and both price-

stickiness and LBS are present, but information is exogenous, and attention is fixed to its value of the first scenario. The purple line shows the
corresponding response when ¢,; = 1.5, both frictions are present, and agents choose the attention to inflation.

6 Concluding Remarks

Since Lucas (1973), a large part of the business cycle literature has viewed informational frictions as
a substitute to nominal price rigidities. The information friction introduced in this paper challenges
that view. Learning by shopping propagates and amplifies demand shocks by itself, but it can also
coexist with nominal rigidities in price-setting. Moreover, the interaction of both frictions gives rise
to business cycles dominated by exogenous shifts in aggregate demand. The results in this paper also
suggest that central banks can indirectly affect the strength of this information friction and, through
this channel, the supply side of the economy. Consequently, monitoring households’ beliefs about
current and future inflation can be crucial to stabilizing economic activity.

To conclude, let me suggest future research avenues. The results of this paper offer new insights
into the role of monetary policy. They show that stabilizing inflation can also alter the transmission
of technology and non-technology shocks into the economy. Several questions automatically follow:
What is the optimal monetary policy in this environment? Should central banks target some measure
of households beliefs? Are policies designed to inform the general audience about the inflation rate
desirable?

A second interesting avenue of future work is to study the impact of oil shocks when consumers
learn by shopping. As argued forcefully by Coibion and Gorodnichenko (2015b), energy prices are
the main driver of fluctuations in households’ inflation expectations in the short term. Moreover,

Blanchard and Gali (2007) show that the impact of oil shocks on economic activity has decreased
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Figure 8: Dynamic Response to a Technology Shock under Different Policy Scenarios

Notes: The figure plots the impulse responses to a one standard deviation expansionary shock in TFP under different scenarios. The blue
line shows the response when ¢,; = 1.0 and all other parameters remain as in the baseline calibration. The red line shows the response when
¢ = 1.5 and price stickiness is the only friction present. The yellow line shows the response when ¢,; = 1.5 and both price stickiness and
learning by shopping are present, but information is exogenous, and attention is fixed to its value of the first scenario. The purple line shows
the corresponding response when ¢, = 1.5, both frictions are present, and agents choose the attention to inflation.

over time. Can these shocks produce exogenous differences in households and firms” perceptions
that feedback in the inflation rate? Has better monetary policy contributed to reducing the impact
of oil shocks by anchoring inflation expectations? The framework presented in this paper provides a

starting point to answer these questions.
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A First Order Conditions of Households’ Problem

In this appendix I provide a detailed derivation of the first order conditions characterizing household’s i problem. Without
loss of generality, I assume Z;; = 1 and D;; = 0 in the following derivations, and drop the subscript i to keep the notation
simple.

Problem Description

For completeness, I state again the problem faced by each household. The problem of household 7 in period ¢ is to choose
C; and N; to maximize:

Cl o Nl‘HP
E k ¢ A.
where C; is a consumption index of the form \
1 e1 E1
C = Vo Cii d]] , (A.60)

1
with P;; denoting the price of variety j and P; = ( fo P1 d ) denoting the price index associated to this consumption
basket. Maximization of (A.59) is subject to the followmg budget constraint:

M+ By = WiNt + Ry_1B; 1, (A.61)

where M; = fol P;;C;dj denotes the household’s total expenditures. The information set of the household includes the
nominal wage and interest rate W; and Ry, as well as the expenditures from the previous period M;_; and the initial bond
holdings B;_1. It also includes a set of noisy signals that allows the household to observe perfectly the relative price of each
consumption variety, left, but the aggregate price level P; with some noise.

We can thus solve the problem of the household in two stages. In the first stage, the household chooses the consump-
tion level C;; that minimize expected expenditures, for a given level of consumption C. In the second stage, the household
chooses two of three variables in C; and N; to maximize (A.59), conditional on it’s information set. At the end of the period,
the household adjusts the B to make sure it’s budget constraint (A.61) binds.

Consumption varieties. The expenditure minimization problem of each household in any period ¢ can be written as

1 e =1
1’1’111’1 E; |:Pt / ] st. C = |:/ C; d]:|
o J
The first order condition of this problem yields:
_ 1
E {Ptpj{i — A (ci/cy) } =0,
where IN\t is the Lagrange multiplier associated to this problem. Denote I3t = E;P; as the belief of the household about the
price level conditional on its own information set . Using the fact that P].Rt is part of this information set, we can rewrite the

first order condition of the household as:
-~ ~ —¢€
Cit = (Ptp]!}t/At) C. (A.62)

1—
Using this condition to replace C;; in (A.60), and using the fact that fol (Pﬁ) 4 i =1, we get:

~ ~

Using this expression to replace A; back in (A.62), we can express the optimal consumption of each variety as

Cir = (PX) e (A.63)
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Conditional on this behavior, we can express the total expenditures M; in the budget constraint (A.61)
1 .
/0 P;,Cjydj = PiCr. (A.64)
Consumption and labor supply Using (A.64), we can rewrite the budget constraint (A.61) as
PiCi + By = WeNy + Ry _1B;_1. (A.65)
We can use the previous expression to rewrite the problem of the household in recursive form:
v (B—1) = max  {U(Cy, Np) + BE: [v (By)]}
tr ANt

s.t. PCy+ By = WiNy + Ry_1B;_1

The first order conditions of this problem yield:

C; 7 = E¢ [PA], (A.66)
N/ = E; [WiA{], (A.67)
0=E; [V (Br) — At], (A.68)

where A; is the Lagrange multiplier associated to this problem. Now, define P; = E;P;. We can combine (A.66) and (A.67)

as
Wi
Nfcy = Dp =L (A.69)
Py
with R
E; [PtAt]
DY = ———.
Et [PiA]

Note that, up to a first order approximation, log D}’ ~ 0. We can thus take logs of (A.69) and subtract the corresponding
expression evaluated at the non-stochastic steady-state to get :

pny +oc = wy — ﬁt: (A.70)

with p; = E¢p;. This corresponds to the individual labor supply obtained in the main text. Now, the envelope condition of
the household’s problem yields:
v/ (By—1) = BE; [V (By)] Ry—1, (A71)

where I have used the fact that Q; is part of the household’s information set. Using (A.67) and (A.68), we can rewrite (A.71)

as
N‘/’
v (Bi1) = | =L | Ry_1. A.72
(B¢-1) W, | R (A.72)

Using the previous expression in (A.68) yields:

¢
Rt N:P _ ‘BEt Nt+1
Wi Wii1

Finally, using (A.69), we can rewrite the previous expression as:

wa C —0 1”5
R — gE 41 ( t+1> t A.73
! PR { Dy Gt P ( )

Taking a log-linear approximation of the previous expression yields

1. . ~
ct = Byepy1 — - (it = (Pe+1 — Pt)) (A.74)
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which corresponds to the Euler equation of each household in the main text.

B Proofs

This appendix contains the proofs of the propositions in the main text.

B.1 Proof of Proposition 1

Follows directly from the derivations in the main text.

B.2 Proof of Proposition 2

I start by deriving an expression characterizing individual consumption as a beauty contest from the households” bud-
get constraint and first order conditions. I then characterize the aggregate demand of this economy as a function of the
information wedges defined in the proposition. I conclude by characterizing the information wedges as a function of mis-
perception of the price level and the inflation rate®”. In what follows, I assume assume that both aggregate demand and
TFP shocks are present as in Section 4 and 5.

Consumption as a beauty contest

Define rizt+1 = Tipr1 F Zipr1 — Zige Vil = Lip — T, ﬁi,t‘s =E;sprand ﬁi’t‘s = E; s71;. The labor supply and Euler equation
of household i (18) and (17) can be expressed as:

Wit — Pige = 0Cit + Pnig, (B.75)
1 z
Cip = EisCiprn — —Eiprip g (B.76)
The aggregate labor supply can be expressed as
wt — Py = (¢ +0) ¢t — gay, (B.77)

where py; = fol Pis|1di. Log-linearizing the end-of period budget constraint (5) gives

Cip + bll,{t = 57117571 +ww (wFt + ”i,t) + waft, (B.78)

_ WN
- PC

where the superscript R denotes the variable deflated by the price level p;. The constants wyy and wp = % denote

steady-state ratios*’. Using (B.75), and recalling that vf e =Pr— Pi |t we can rewrite (B.78) as

o _
(1 + gww> Cip+ b{; =B 1171‘1,371 + eﬁ,

with 1
R _ R | Ww R
ey = wy <1 + ¥) w;iy + 71/1.’;“ + wpd;. (B.79)

3 All variables in lower case denote log-deviations from steady-state, except for the price level p; = log P, the nominal
interest rate iy = log R; + log B, and the bond holdings, which are written as b;; = B;,/C and bft = B;;/ (P,C), where
C denotes the steady-state level of consumption. This redefinition takes care of the issue that B = 0 in the non-stochastic
steady-state, and is standard in the literature (see, for instance, Woodford (2011), Angeletos and Lian (2018), and Angeletos
and Lian (2021)).

40Notice that wiy = M~ and wy + wp = 1.
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Solving for b} i 11, iterating forward and using the transversality condition and taking expectations yields

> + oww ad
bl 1+ kE ﬁkEi,te§t+k = (QDT) kZ BYE; iCi k- (B.80)
=0 =0

The next step is to use the Euler equation of the household to rewrite (B.80). Iterating (B.76) forward and using the fact
that the law of iterated expectations holds, conditional on the household information set, we have

1 o0
e =—— 3 Eirfiin (B.81)
o
h=0
Multiplying this equation by ﬁk in different periods and adding the respective equations yields:

ol « 1 00 00 k.7
Z p Ei,tci,H—k = 7EEi,t Z Z B Vit haks1] - (B.82)
k=0 k=0 h=0

Now, notice that

agk

. 1-8 - /52 1-p° Z
prr? ( > + + 5 +
Oh;) it+h+k+1 1— ﬁ it+1 ‘B 7 t+2 ﬁ Tit+3
o) 1— ﬁk-‘rl 7
=) Titrk+1
k=0
1

o Z o k.7
=\ ik B Y Bk |
1-8 =

k

Consequently, we can use the previous expression back in (B.82) and use (B.81) to get
o o 1/ 1 - z R
Y B'EisCitin = — - (ﬂ) Y Eiirfiipi — B Y BEi
h=0 k=0 k=0

1 1 & 1 &
=(— ~~YE 4% it kE. .2
(1 — ,B) <{ p Ig z,t”z,t+k+1} + Uﬁ};}ﬁ l,trz,t+k+1)
1 1 &
= (71 ) Cirt+ =By, lBkEi/tr%t-Fk-Fl . (B.83)
B 7 k=0

Plugging this expression in (B.80) and solving for c; ;, we get:

=L BE b p) (L)zﬁ EygeR o+ (1- ) (L) bR, (B84
A

9 +owy 9 +owy

Integrating this expression across households and using the market clearing condition for bonds yields:

1| o
di+(1-B) (L) ' /O LX;} BYE; el +k] di. (B.85)

¢ + oww

1, (M ke 2
= _;:B/ Z B Eitti ks
0 lx=0

The next step is to express the second term in brackets as a function of aggregate consumption. To do so, start by
observing that, up to a first-order approximation, the (real) dividends of each firm are given by:

. 1 R ww R _
d]’t - ]/],t + (1 — ww) pj’t (1 —WW) (wj’t at) :

Integrating across firms and using the market clearing condition in the goods market yields:
R — [ 4R 4 ww R
diy = / dl-,]-,td] =t — (1 — ww) (wt — at) .
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Replacing this expression in (B.79), we have:

ww

1
R _ R
€ ik =WW (1 + 5) Wi+ 0

p N R
Viprklerk T (0= ow) di i

_Ww (R p R R
= (wi,t+k + V,-,t+k\t+k) + (- ww) e+ ww <wi,t+k - wt+k> T wwarik
ww ~ R R
= (wi,t+k - pi,t+k\t+k) + (1 —ww) e+ ww (wi,t+k - wt+k> + WAk (B.86)

Start by considering k > 1. Households understand that their differences in nominal wages and dividends are unpre-
dictable. They hold rational expectations and can use (B.86) and the aggregate labor supply (B.75) to get:

wWw ~
Ejpefp = TEi,t [wt+k - Pt+k\t+k] + (1= ww) Eicrpk + wwEipap i

Wy

= 7Ei,t (¢ +0)crik — @arik] + (1 — ww) Ejpepyk + wwEisap ik
wyy
Ay (p+0)+ (1 —ww) | Eis [crk] — wwEisarik + wwEipap g
+ oww

= (‘PT) EjfCr k- (B.87)

Following similar steps, it is easy to show that:

1
/ eRadi = (M) G (B.83)
0o " )
Plugging these results back into (B.85), we get
1, [fn 2 ‘ o ok (1 ,
== BY B[ Eirfpndi+(1=8) | LB [ Epcdi|. (B.89)
e k=0 70

This equation characterizes aggregate consumption as a beauty contest, in the spirit of Angeletos and Lian (2018).

Aggregate demand as a function of information wedges

Start by writing the first term in (B.89) as
N S
Z B / Ei,t”i,t+k+1d1 = Z B / Ei {ri,t+k+1 T Ziptk+1 — Zz’,t+k} di
k=0 /0 k=0 /0
=Y B / Eistipikiadi+ ) B / Eif {Zipke1 — Ziprk ) di
k=0 /0 k=0 /0

=) -1 00
k . ks 7
= Z B {/0 Eittitrks1 — ]Etrt+k+1} di + Z B Etrty ji1s
k=0 k=0

where [E; is the full information operator. Now, rewrite the second term in (B.89) as
00 ‘ 1 =] " 1 =) " 00 .
Z B / Ejcrypdi = Z B / E;cpypdi — Z B Ecrik + Z B Etct ik
k=1 70 k=1 /0 k=1 k=1

0 1 )
=Y # / {Biscrix — Brcp gk} di+ Y B Eicy g
k=1 70 k=1
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Using the previous expressions in equation (B.89) and taking expectations, we get:

(o)

1 oo
Cr = _Eﬁ Y B Eirfign + (1= B) Y B Breryi + B, (B.90)
k=0 k=0
where
Xy =He + Ry,
1— & 1 .
Hi = (—ﬁ> ) Bt / {Eitcrik — Ercppp ) di,
B )iz o
_ o1&t ,
Ri=—=) B / {Eisripix — Bereg ) di.
e S/

All that is left is to write this expression in recursive form. To do so, start by taking out ¢; from the RHS of (B.90) and
solve c; to get

1-—
et = Z gt 11Et7’t+k + < B ) ) BYEsci i + A (B.91)
k=1
Writing this equation in ¢ + 1 and taking expectations in t yields
1-—
L 2 B Bl g + < B ) Y B Eicr 1 + ErXig.
k=1

Using this expression back in (B.91), we get
_ ]E E 1§ g1,z 1-B\ v gk ¥
€= orfia+ (1= B) Ercrn + s Y B TE  + Y BBicryp + X

B
1 1-— >
= _E]Efrifz+1 + (1= B)Etcry1+ B {— Z B Eirf g + < ﬁ) ) 5kIEtCt+k+1} + &

k=
1
= —;]Etrtzﬂ + (1= B) Etcry1 + B{Erci1 — ErXpq} + X
1
= _E]Etrtz-k—l + IEtCt+1 + X — ,B]EtXtJrl-
Finally, replacing c; by y; using market clearing, we get

1
yr = _ElEtrtZ-&-l —+ ]Etyt+1 + Xt — ﬁIEtXtJrl. (892)

Information wedges as a function of price perceptions

Start by considering the information wedge H;. Using the market clearing condition y; = c;, we can expressed is as

He = (%) (/01 {Bisyt —yt} di—i—k:ilﬁk /01 {Ei Y1k —]Etka}di) )

Notice that equation (B.88) implies:
¢ R
E; vy = E;eR.
itYt (4) T Ua)w) it€ t

Now, lete;; = eth + p; denote the nominal part of households income from labor and dividends. Note that ¢;; is part
of each household information set Z; ;. It follows that:

1 1 1
. ¢ . . _ 4 P
Jy B =} ai = <m> (/o Bigeidi— | Ez‘f”’fd"“’”) B (m)\
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Using this result, we can express the information wedge H; as:

He= th\t+( )Zﬁ / {Ei Yk — Etypyx ) di

o= (55°) (i) = (557) (st

Next, consider the the wedge on the real interest rate R;. We have

where

1 1
/0 {Eittit1kt1 — Berpppsn pdi = /0 {Bit {iipon — Tesserr } — B {iprh — Mpogey )} di
Al . . 41 . .
= /0 Ej i xdi — /0 Ei 7y geprdi — Bipy g + Bt

For k = 0, we can use the observation that the interest rate faced by each household is part of their information set to
get:

1
/0 {Eirip — Evrppeen fdi = =R g+ Evmeg = B,
For k > 0, we can use the monetary policy rule, which is common knowledge across households, to get
1 . o~ o~
/0 {Eittitiki1 — Btrppkir pdi = ¢n <7Tt+k\t - 7Tt+k> - <7Tt+k+1|t - IEtﬂt+k+1>
— T 7T
= E; [Vt+k+1\t - ¢”Vt+k|t] . (B.93)

We can thus express the information wedge R; as:

1
Ri=——E;
o

[ee]
T k T T
vy +kZ p {Vt+k+1\t - ¢”Vt+k|t}} .
-0

This concludes the proof of the proposition.

B.3 Proof of Proposition 3

To begin, notice that the equilibrium process for inflation (30) and the observation that households have common knowl-
edge about 71,1 and #;_; implies that
Var [71¢| 751, 11-1] = (96[)2 T,

which in turn implies that g, = q (67 )2. Consequently, we can use (14) to express § as
1
T\ 2
q(67)" +1

Reorganizing terms, we get the following expression that defines implicitly the equilibrium value of ¢:

Yr =

1-¢r= (%T)ZVJH-

Now, notice that the LHS of this equation is decreasing in ¢, is equal to 1 when ¢ = 0 and equal to 0 when ¢; = 1.
The RHS is equal to 0 when ¢ = 0 and equal to some positive constant when ¢, = 1. Continuity of the RHS guarantees
the existence of a solution of this equation. To prove its uniqueness, it is sufficient to show that the RHS is always increasing
in ¢5. To do so, start by observing that

ARHS _ 20\ _ Y 90
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So the RHS is increasing if the term in parenthesis is positive. Using (34), it follows that:

o {0 (f50) 20 p)

G039 At (1+9/0) g+ { (1 9/0) (1) — 21— p)}

B (1-(c+¢)X) ¢r
A+ (1+9/0)pn+ (1= (c+¢)X)Yr

Consequently, the equilibrium is unique if

140¥m 9% _ <A+(1+qv/o)4>n—(1— (a+qv>x>wn)
0o oPr A+ (+¢/0)pa+ (1= (0+9)X)¥Pn

( 290z {1+ 9/0) (B35 ) —2(1-p)} )
+ —~ > 0.
A (14 9/0) ¢+ prp: {1+ 9/0) (B1) ~2(1- )}

A1-B) (B ' —p:)
1+¢/c ’

the second term is always positive. It follows that these two conditions are sufficient to guarantee the uniqueness of the

The condition that (¢ + @) x < 1 guarantees the first term in parenthesis is always positive. If ¢, > =1 +
equilibrium degree of anchoring .

B.4 Proof of Proposition 4
From Proposition 3, we can define the equilibrium level of anchoring implicitly as the root of the following equation:
F(6,¢n, ¥n (6)) = RHS + ¢ — 1,

with RHS =g (66T )2 5. Note that the sign of 0ip,; /96 is the same as that of dy,; /dA, so I can focus on the later. Taking the
partial derivative of F (-), with respect to ,; and using the results of Proposition 3, we get:

9F(-) ORHS
= +1>0.
0Pr 0Pr
Now, taking the partial derivative of F (-), with respect to A and ¢ yields
oF (1) ~ [ 96F OF (1) < [0
B 2O\ Gy ) T T2 (5, )

Using the Implicit Function Theorem, it follows that:

M F [ 2qp6f Apr 005 [ 2qpBF
FYSTY (m) aﬂ‘*@(m)‘

It follows that the sign of 9 /dA and 0y~ /d¢r is equal to opposite sign of 9] /0A and 90 /d¢r. To find these
derivatives, start by writing rewriting 67" as

e (Z+ Y 1
% 7W(Z+X1P7T) (Z*DPZ)
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with

Z=A+(1+¢/0)¢n

YEpz{(l—i-CP/U) ('?qul%;zl) —)\(1_,3)}

X=1-x(c+¢)
IN;<1+¢)u—pg

I
D=A+AB(1—p;)+o t(o+o)
Note that the assumptions guaranteeing the uniqueness of the equilibrium also guarantee that all the previous con-

stants are positive. Now, the derivative of 6 w.r.t. ¢ is given by:

%5 _ w _
Ipn — \(Z+Xpn)* (Z—Dpz)*)

(2.2

oz, 4 4 4 )
Apr |

1/’71) (Z+ Xyn) (Z—Dpz) = (Z+ Y¢r) (228(? + lenatfj - Dpz&(ﬁﬁ

AUX,
The term inside braces determines the sign of this derivative. This term can be simplified as:

oZ

T

)UZ+X0m) (2= Dp2) = (24 V) 2+ Xp) = (2 + ) (2= Dps))

Y
+ ﬁlpﬂ (Z+ Xyp=) (Z — Dpz)

0
a% —o (o +9g) <1fpgpz) - (a%) <£ng2)

So the sign of AUXj is equal to the sign of

Notice that

AUX} = (Z + X¢r) (Z — Dpz) — (Z+ Yr) (Z + Xtrr)

~ 2+ 09n) 2= Dp2) + (12 )y 2+ Xy) (2~ Dpo)

After some simplifications, we get

AU = (2-+ Xyr) (2= Dp) (FH2E ) — (24 v9) (24 Xgn) = (24 V) (2= D)

:—(ﬁ+xw£m+ywd@+X%J+@fDmD)<0

It follows that 96 /9¢ < 0, 50 09 /P > 0.
Now, to find the derivative with respect to A, rewrite 0 as

o — 1+¢/0 Z+Y¢ﬁ>
0=\ Cc+0 Z + Xipr

withC=A(1-Bpz)and Q = (1+¢/0) (4)1"_%)
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Furthermore:

g
;7271:0*1(0’4—go)>0
%:_92(1_,8)<0
a%;:a’l (04 ) (1Ep[;pz) > 0.

We can thus express the derivative of 6F w.r.t. A as:

% B %%
A \(Z+Xyn)* (Z - Dp:)*

0z v aC_  az\ . 9z . aC
(ﬁ + ﬁwﬂ) (Z+ X¢pn) (C+Q) — (Z+Yihr) ((ﬁz + cﬁ) +Q5% anﬁ)

AUX,

The sign of this derivative depends on the sign of the term in braces. Replacing the derivatives and using the observa-
tion that (1 — p, (1 - B) ¥») < 1and X < Y, we have:

AUXy = (1= pz (1= B) =) (Z+ Xopr) (C+ Q) = (Z +Yprr) (1 = fpz) Z + C+ Q + Xop= (1 — Bpz))
<(Z+ YY) (C+Q) = (Z+Y¢r) (1 = Boz) Z+ C+ Q + Xop= (1 — Bpz))
== (1= PBpz) (Z+Y¢r) (Z + X¢pr) <O0.

Consequently, 9] /0A < 0,50 9,z /A > 0, implying that 9, /96 > 0.

B.5 Proof of Proposition 5

Follows directly from equations (30) and (31).

B.6 Proof of Proposition 6

Follows directly from equations (34) and (36). The observation that ¥ gg > 1 follows from condition (38) guaranteeing the
uniqueness of the equilibrium.

B.7 Proof of Proposition 7

Let ® = (0 +¢)0o '¢7 and X = (1 — (¢ + @) x). Equation (31) implies that the response considered in each scenario is

|:%:| LBS _ 0__] %BS
9z¢ D4 XpkBS |7

% SpP _ 0—71 )\
0z¢ A+D )7
% LBS+SP _ U—l A+ ¢7LTBS+SP
0z A4 D+ X¢%BS+SP !

given by
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where pLBS and pLBS+5P is the degree of anchoring in the corresponding scenario. Amplification is obtained when

LBS+SP LBS
A= cr_l 1/)7'[ _ T _ A _ A >0
A+ le%BS‘FSP D+ XIP%BS A+D A+d+ le%BS‘FSP
B C

Notice that C is always positive. It follows that amplification is only possible if B is also positive. For this to be the
case, we must have

(LBS+SP ) A
e >1+ 5
Now, B can be simplified
(LBS+SP LBS PEBSHSP (@ 4 XpLBS) — yLBS (/\ TP le%B“SP)
B = — _
A4 @+ XPpEBSTSP @ 4 XypLBS (/\ Lo X¢LS+SP> (@ + XyLBs)

LBS+SP (q, + XIP7LTBS> _ IPLBS (/\ + P+ X¢7LTBS+SP>
<A+<I>+ X¢LBS+SP> (q>+ X¢7LTBS)
IP%BerSP(D _ ¢7LTBS (/\ 4 q>) .
(A + @+ XpEPSHSP) (@4 XyhPS)

And C can be simplified as

(

AT A+ XY (4 @) (A + @4 XylBSHP)

LBS+SP AX
T
(A+ @) <A + P+ X¢%BS+5P>

We can thus rewrite A as

R (q}%BSJrSP ( < AX ) _ ( PRSP — gL (A + @)
A+ D)

N——

A + o + Xw%BS+SP> A + o) + XIP%BS—FSP) (CD + XIP}TBS)
_ 0——11#7[%35 IIJ%BSJFSP |: AX B D :| A + P
(A+ @+ xphBsesP) | i LA+ @ @+ Xgr ] @+ XyR®
It follows that a sufficient condition for A > 0 is
pEBs TSP { A X @ } A+@
pr° LA+ o+ XyRPS] T @4 Xy

We can rewrite this as

1P7L-EBS+SP( AX ) A+ D IP%—BSJFSP o
o ve) e U ) e

The necessary condition for amplification implies that the previous equation holds whenever

¢7LTBS+SP< AX )+ At @ >(1+£) @
VR Y A ®) &t XpiP’
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or, equivalently

IP%—BS+SP AX ~0
PpLBS  \ A+ @ '

The assumption that (¢ + ¢) x < 1 implies that X > 0, and Proposition 4 implies that p5BS+5F > ¢LBS Tt follows that
A > 0.

B.8 Proof of Proposition 8

The result follows from the definition of & 45 and Proposition 4.

B.9 Proof of Proposition 9

Follows directly from (47).

B.10 Proof of Proposition 10

Start by replacing the demand for varieties in (16) in the definition of total expenditures in the budget constraint (5). Using
this expression, we can express the consumption level of each household as:

_ R R R _ pR
Cit = RitBj} 1+ WiiNiy + Djy — By,

where le,{t = B;;/P, W{{t = W;;/P;, and th =D;;/P, and Ry = Q;tl P;_1/P;. denotes the real interest rate. Substituting

1
this expression in (2), we can express the period utility of the household as:

1+g
1 R R R r\' 7 N 1
Zit { 1o (Ri,tBi,t—l + WiiNit + Djy — Bi,t) o B .

1+ 1-0
Rewrite the expression in brackets as:

L 1o (g=1,mpR R+n; R R\TC 14q TP 1
T—oC <ﬁ by g+ wwe T 4+ wpefit — bi,t> — N 1+ 1-0

where the notation is the same used in the proof of in the proof of Proposition 2.*! Multiplying this expression by B,

summing over all t = 0,1, ... and taking expectation conditional on information in t = —1, we can rewrite the objective (1)

as:

o 1 _ _ . R R 1-0c
w (xi,t;yi,t) =E; Z ,Btzi,t{l — U’Cl o (ﬁ 1erz,tb11§71 + ngwi,ﬁ‘”ut + ngdx,t _ bft)
t=0

(L+o)niy
— wWCl_‘T 78 ! }

1+9 1-0

/

ni,t) is a vectors of choice variables, and y,;, = <ri,t,1,wR dR

e d; t,z,-,t>, is a vector of variables and

where x;; = <b§t,
prices taken as given by the household.

Now, let x;f‘,t denote the optimal action of household i under full information and assume for simplicity that b?,q =b_;.
Under some regularity conditions that guarantee that x;; — x}, has finite second moments,*” we can take a quadratic

approximation of W (-) around the origin to derive the following expression of the expected loss in utility for any action

#INotice that the labor supply in (16) implies that N'T¢ = wy,C1 7.
45ee Proposition 2 in the Online Appendix of Mackowiak and Wiederholt (2015) for details.
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Xip F X
ICr (xip) =W (x,-,t;yi,f) -W (x,-*,t; yi,t) (B.94)
~E_; t\z(:)‘gf {% (x,-,t — x?,t) : H (xi,t — x:-‘,t) + (xt — x:f/t)T Hq (xi,tJrl — x;‘,t+1> } + ti.p.
where the matrices of derivatives H( and H; are given by:

Ho— —cl| 7 1+p7) —owy
—owy  wy (¢ +owy)

H, = cl—e

o —oww
0 0

At this stage, we can follow the same steps in Proposition 2 of the Online Appendix of Ma¢kowiak and Wiederholt
(2015) to rewrite ZC as a function of ¢;; = ¢;; — ¢}, and n;; = n;; — nj,. First, note that (B.78) implies the optimal actions
x; under full information satisfy

* _ p—11% * * R R
iy =B b — b +ww (”i,t + wi,t) + wpd;.

Consequently, we can express bond holdings deviations Ei,t =bj; — b}, as

=47 B
bip =B bip 1+ wwhi; — iy
Iterating this expression backwards, we can rewrite it recursively as

7. _ AN C
bit_Ai,t_Ai,t

7

with Agt = Cit + ﬁflAEFl, A% = wwij; + ,BflAﬁil and Al(:ll = Afil = 0. Using these expressions, and after some
manipulation, we can express (B.94) as:

- 1 T T
7 lIC, =3 (xi,t - x?,t> Ho (xi,t - xj‘,t) + (xi,t - x:‘it) Hy <xi,t+1 - x?,t+1>
o 1\ = wyy _ ~ ~ = ~
=- {5 (1 +B 1) b, + — (¢ +oww) 7, — owwbigi g + 0bysbig 1 — ‘TWWbi,tni,Hl}
o N2 _ww o 1 o NN\E LN T T AN
=73 <1 +h ) biy — =9ty — 50 (Ai,t> + iy — obigbip1 +0biAih

T2  WwP-2 | TH
== 50— Myt Qi

with

O =p~" ((Aﬁ)2 —p (Aftﬂ)z) +p7 <<A5Vt)2 -p (A%—1>2)
T (ANAG . — BN 1AG) — (AT — BIAG 1G)
Now, note that:
Oy + 0y = (A5) + (AN + pANAG, — ANAS, — Az
+

~ - - 2 2 B
Qi + B + B2 = B (AEz) p (Af,vz) + BN — BALGs

~ - - 2 2 _

Qi+ B+ + BTOr = BT (85) "+ BT (a1)) " + BTANAS — BT AL
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It follows that:
o 2 2
YT T-1g. C . T-1p. N
B L p0 = Jim BT | (85)°] ¢ Jim 71, (43)
. T N AC ) T C~
+ Jim BTE; oy [AAG] — tim TR, [AGes]
-0

Consequently, the first part of (B.94) simplifies to
1 - > - ~
ICr = _§C1 “E; 1 Z ! {m:?,t + ww(pniz,t}
t=0

The last step is to express ¢; and 7; as a function of the information wedges. To do this, recall that equation (B.84)
relates the value of current consumption for a particular household with the the prices it faces, as well as expectations
about the future value of those prices. Using (B.84) and (B.86), we can express the deviations of real income from their full
information counterpart as:

1 (o) (o)
o k(p Z z k[w LR R
Cit —Cip = — E'B Z B (El,tri,t+k+1 - ]Et"i,t+k) + Bx Z B [El,tei,tJrk - ]Etei,tJrk}
k=0 k=0

Using (??) and (B.93), we can express each discounted sum as:

(o) (o]

k R R ] _ k
2B [Ei,tei,tJrk - ]Efei,tJrk} = B Viriue
k=0 k=0
S gk (B 2 z v gk

. _ _ T T _ T

Y. B (Ez,tri,t+k+1 IEtri,t+k) = Viggre T Y. B {Vi,t+k+1\t ¢7Tvi,t+k\t}'
k=0 k=1

It follows that the deviations of consumption of household i from its full information benchmark can be written as:

1 [ee) (o]
S T k T . T k.
Cip —Cip=— P {Vi,t+1|t +kZ p {Vi,t+k+1\t ¢”Vi,t+k|t}} + rBXkZ B Vi k-
1 0

Now, using the optimality condition of labor supply (17), and the observation that the nominal wage in every pe-
riod is part of the household’s information set, we can express the deviation of household’s i labor supply from it’s full-

information level as

L1 o .
Mip =Ny = —Vitlr — ; Cit —Cip)-

4

Putting the previous results together, we have that household’s i cost of not paying attention to inflation as:
1 1-0 - t * 2 -1 * 2
ICr = 7EC E_; Z B <o (c,-,t - ci,t> + Mg (n,-,t — ni/t> ,
t=0

with
1 oo (o)
* T k T T k
Cip —Cip=—P {Vi,t+1|t + kZ p {Vi,t+k+1\t - 4)7Tvi,t+k|t}} + ﬁXkZ: BVt ke
=1 =0
and

njy —n; *10 ‘ U(c- c*)
it = My = Ut o\Ci T G ).
, ¢ ¢ 3
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B.11 Proof of Proposition 11

Following the discussion in the main text, the optimal attention problem (55) can be written as

) + wlog (1 + Va(rf[zﬂt]) :

€

1
* Var [rry] + 02

min  QVar [74] (1
oz
Define q = Var [r1;] /0? as the signal-to-noise ratio implied by households choice of 2. Since the household is atom-
istic, it takes Var [77;] as given. It follows that choosing ¢? is equivalent to choosing g, and we can restate the inattention
problem as
9

rr}iin —Qm +wlog(1+4).

Taking first order conditions and solving for g yields

q:max{g—l,O}.
w

1—1/]”:711(1

Replacing g by the optimal choice of the household yields the expression in the main text.

Now, equation (14) implies

C Quantitative Model and Solution Method

In this section I present the equations characterizing the quantitative model used in Section 5 and the computational al-
gorithm used to solve it. To begin, I present the algorithm to compute the solution for a given level of ¢Z. 1build on this
algorithm to solve the problem under rational inattention to the aggregate price level.

C.1 The model
C.1.1 Equilibrium inflation and output

Recall that each household has access to a noisy signal about the aggregate price level of the form
id
Sit = Pit T E€its e~ N (0/ Usz) :

Given a precision of signals, the equilibrium levels of output and inflation satisfy the following supply and demand

relationships:

7 = BEsrtis +xpc (ye — (14 @) / (0 + @) ar) — A~y (C.95)

1
yr == (97 = Eemtipr + 2001 — 20) + Brypn + X+ PE X (C.96)

where -
He=xEte ) Bvy
k=0

(o)
_ _ 1 T k T o s
Ri=—0c Ef{vt+1t+2ﬁ {Vt+k+1\t ¢ﬂvt+kt}}'
k=1

o (5 ()

with v} = fol {pt —Eisp:} di, Vi = fol {7t k11-Eit ik} di, and zeand a; denoting the aggregate demand and
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technology shocks, which are given by:
id
ze=pzia + {0 P RN <0/ ‘712‘1D)
iy
a = par 1+ 'S S EN(0,0%)

C.1.2 Beliefs

To compute the solution of this model note that, by Wold’s representation theorem, any equilibrium 7t; has finite second
moments allows for an MA (o0) representation of both variables. Following the Box and Jenkings approach, we assume
that this representation can be approximated by a ARMA process of the form

(1= ¢fL—... = gLy i = (1= 6FL — ... = 67 L7) (9aSy'S + APy /P)

Since shocks hitting the economy are causal, we can invert this polynomial to get a AR (o0) representation for 77;. We

can then approximate numerically the law of motion of 71; to an arbitrary degree of accuracy by a finite-lag AR (H) process.
!

Let r; = (m, Tl—1, - T H*1)> represent a vectors stacking current and H — 1 lags of the 714, and denote as e; is the

i-th column of the identity matrix. We can write the reduced-form AR (H) of 7t; in state-space form as*3

= @nrre g +er | PR + PP | (C97)

Mt
The H x H matrix ®, together with the impact coefficients ( ,‘35, Q?D ), summarize the behavior of inflation and are

equilibrium objects to be determined**. We can use (C.97) to derive an AR (H) process for p; of the form

pr=Pap;_q1 +en, (C.98)

with p, = (pt, pi—1,.--, pi—n) - Since, E;; [eisexs] = O0foralli € [0,1] and k # i, we can characterize the beliefs about each
relative price for each household independently using (7) and (C.98). Using Assumptions 1 and 2, and standard Kalman
filter formulas yields:*>

ﬁi,t\t = ﬁi,t|t—1 +Kaey <pj,t - ﬁi,t|t—1> JFKA‘%si,t/ (C.99)

with ?i,t| s = Eis [p;]- The Kalman gain vector K4 isa H x 1 vector given by

1 _
Ki=[o— \S,e0,
A (ZA[1,1]+03> A1

where Z 4 [1,1] denotes the [1,1] element of the covariance matrix £ 4 = Var;;_1 [p;]. This matrix can be found by solving
the following Algebraic Riccati equation:

~ ~ ~ -1 ~ ~
EA=0aEa®) — (E4[L1]+02)  @ATaeel2a®) +oFere],

with (7% = Var [;]. Note that this matrix is constant and common across households as consequence of Assumption 2.

Now let ﬁt‘ s = fol E [pt —Piq |Ii/5] di denote the average belief across households about the inflation rate. Let Ly denote

43Gee Chapter 3 in Hamilton (1994).

#Gtability of the process implies that all eigenvalues of @, . Notice, however, that ® 4 may have an eigenvalue equal to
1.

45See Durbin and Koopman (2012).
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the H x H shift matrix

0 0 0
10
Lu=|: 1
0 0
| 0 10|

and let Dy = Iy — Ly. Premultiplying both sides of (C.99) by Dy yields
Tipe = g1+ Kney (pj,t - ﬁi,t|t—1> + Kreieis, (C.100)

with K; = DyK 4 denoting a H x 1 vector of Kalman gains for inflation beliefs. Moreover, let vl.p ts = Pjt, — Pij|s denote
each household forecast error about aggregate price in period ¢, conditional on her own information set up to period s.
Writing (C.98) one period ahead and subtracting the corresponding forecast by the household using (C.99) yields

P p
Viesrr = Paviy e

Subtracting ps from (C.98) and manipulating terms, we get

P _ o, P /..
Vi = (Ig —Kpey) Vi1~ Kaeje;;

Putting these two expressions together, we arrive to
p v, _ /e
vi,t|t = Avi,t—l\t—l + 5A77t KAelel/t

with ¥4 = (I g—K Ae’l) @, and 4 = (e1 —Ky). Notice that this implies that forecast errors are a combination of
aggregate shocks an household-specific idiosyncratic noise:

V5t+1|t = (I)A‘FA‘:D;lVZt‘tfl + ey — (I)AKAe/lei,t (C].O].)

Following similar steps, we can derive an analogous representation for the forecast errors about each relative price. For the
inflation rate, recall that equation (C.98) has an associated representation for the inflation rate

Tl = Prrti +e1hi1
Subtracting the household forecast of the aggregate inflation rate yields
V;T,t+1‘t = Cbnvfi‘t + e1nt+1

Subtracting 7r; from (C.100) yields

p

/
-1~ Knerei

T _ T _ /
Vit = Vig—1 — Krerv
Replacing in the previous equation and using the results for v; ;;, we get

P —Krele; (C.102)

T _ 7T —
Vige = Prvip_qp—1 Ol anllt,l‘t,l

with 6 = (e; —Ky) and Y, = Kyely; @ 4.

The previous expressions imply that households perception and forecast errors display persistence over time, from
the perspective of a fully informed agent that observes these errors externally. These beliefs are dispersed due to the
idiosyncratic shopping experiences of each household. But the average belief still displays persistence over time due to

learning. Let xy = ﬁ)l x;di denote the average belief across households of a vector of variables x;. Equations (C.99) and
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(C.100) imply that the average belief about the aggregate price level and the inflation rate follow

Py = Pri—1 + Kaey (Pt - /ﬁt\t—l)

Tty = 1 + Krej <Pt - ?t\t—l)

Furthermore, we can integrate equations (C.102), (C.101), across households to get the following expressions for the
average perception error about inflation and the price level:

v?‘[t = cpﬂvf—l‘t—l + 5777% - Kﬂellq)Avfflltil (C103)

Vi =Yavi g1 +0am (C.104)

To conclude, notice that this characterization implies

p — &k, F
Etvy g = ®avy,
p _ wk P
Ewvy e = Yavy,

Similarly
]Ef‘/;:uk\t = q)]?cTV;\rt

p

T —_ ®k, T
Ewi e = Prvy — vy,

with TTy, = ¥, @ /Y, ¥, .

C.2 Computational method

Given this guess about the law of motion of households beliefs, I solve the model under exogenous information using the
following algorithm:

1. Guess © = (@, PpAS, pAD ) using the corresponding solution under full-information.

2. Use (C.103) and (C.104) to express y; and 7t; in (C.95) and (C.96) as a function of Viits ﬁt\tl and the exogenous shocks
only.

3. Find the ARMA process associated to the SS representation implied by (C.103) and (C.104) and the expressions
obtained in the previous step (See Chapter 12 in Brockwell and Davis (2009) for an algorithm to do so).

4. Find the AR process representation of the previous ARMA process, truncated to H lags.
5. Update @ based on the previous AR representation and go back to step (2) until convergence.

To compute the solution of the model under rational inattention, I use the previous algorithm to find the law of motion
of inflation, conditional on a value of guess off ¢2. Conditional on this law of motion, I update the guess of 02 by solving
the rational inattention problem of a household. This is done by numerically maximizing (54) subject to (53). I then iterate
over these steps until convergence in the value of ¢ is achieved.
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