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1 Introduction

People often process numbers in simplified ways. One such imperfection is left-digit bias,

the tendency to give more weight to the leftmost digits of a number than to the remainder.

This behavioral pattern is robust, widespread, and well established. A classic example is 99-

cent pricing, where consumers view $4.99 as meaningfully lower than $5.00 (e.g., Strulov-

Shlain, 2023; Thomas and Morwitz, 2005). Left-digit bias has also been shown in various

other contexts, including stock markets, used-car prices, and ride-sharing (Agarwal et al.,

2022; Lacetera et al., 2012; List et al., 2023). Yet we do not know whether households read

inflation numbers through the same left-digit lens.

Inflation expectations are central for household and firm decisions, shape the propa-

gation of shocks in modern macroeconomic models, and are therefore highly relevant for

monetary policy. If households are subject to left-digit bias when processing inflation num-

bers, small changes around salient thresholds may have outsized effects on their expecta-

tions. For example, an increase in the inflation rate from 4.9 to 5.0 percent may lead to a

larger increase in inflation expectations than an increase from 4.8 to 4.9 percent. Given the

widespread prevalence of left-digit bias in other contexts and the importance of inflation

expectations, it is surprising that this link has not been studied before. In this paper, we

fill this gap by empirically and theoretically studying left-digit bias in household inflation

expectations.

We first develop a regression discontinuity design to test for left-digit bias in household

inflation expectations using aggregate cross-country data. Second, we conduct a random-

ized controlled trial (RCT) to evaluate under what conditions left-digit bias in inflation

expectations occurs at the individual level. Lastly, we embed left-digit-biased inflation ex-

pectations into a New Keynesian model to study how the resulting nonlinearities alter the

propagation of shocks and the monetary policy response.

Our starting point is that households form inflation expectations from current inflation

numbers, along with other information. When this relationship exhibits a jump disconti-

nuity at a threshold that inflation crosses from below, we call the crossing an increasing-

inflation threshold event. Similarly, a crossing from above is a decreasing-inflation threshold
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event. We separate these two types of events because it is well-established that negative

events often have a stronger impact on individual perceptions and behavior than positive

events (e.g., Binder et al., 2025; Chahrour et al., 2025; D’Acunto et al., 2021a). Thresholds

may in principle take any value, but when expectations jump at round numbers, such as

multiples of five, we speak of left-digit bias in inflation expectations.

Our regression discontinuity design tests for these jumps. The idea is to compare situa-

tions in which a country’s inflation rate crosses a round number, such as 10 or 20 percent,

with those that exhibit similar economic conditions without a crossing. The identifying

assumption is that threshold events occur randomly, conditional on continuous changes in

inflation.

To implement this design, we need many instances in which inflation surpasses thresh-

olds, such as multiples of five. For most developed economies, those situations are rare

in normal times. We therefore exploit the 2021–24 inflation episode, during which infla-

tion moved strongly and repeatedly across round-number thresholds. More precisely, we

combine monthly inflation and survey-based household expectations from 29 EU member

states and candidate countries between 2016 and 2024.

We find that households’ inflation expectations increase sizably when a country’s infla-

tion crosses a round-number threshold from below. On average, mean and median expec-

tations increase by 0.7 and 0.9 percentage points, respectively, in response to an arbitrarily

small increase in inflation that merely pushes the rate above the threshold. In contrast, we

do not find effects that are significantly different from zero at decreasing-inflation thresh-

olds. Hence, we find robust evidence of discontinuous updating only for increasing-inflation

threshold events.

The change in average inflation expectations can be decomposed into an extensive

margin—for example, when households previously expecting zero inflation now expect

strictly positive inflation rates—and an intensive margin—for example, when households

previously expecting strictly positive inflation now expect even higher inflation. We show

that the extensive margin accounts for over half of the overall effect of an increasing-

inflation threshold event on inflation expectations. More precisely, fewer individuals ex-
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pect zero or negative inflation, while more individuals expect strictly positive inflation.

The response is also uneven across groups. It is strongest among respondents with primary

education, and median expectations respond more for men than for women, implying that

a subpopulation of threshold-attentive households is driving the aggregate effect.

We further extensively test for left-digit bias at all possible thresholds, including ran-

domly drawn rational numbers, integers, and multiples of five. We find that left-digit bias

in inflation expectations is most pronounced at multiples of five, specifically at 5, 10, 15,

20, and 25 percent. This pattern aligns with well-documented numerical regularities, as

human number perception relies on a sub-base-5 structure, making these values natural

anchors for mental categorization. Outcomes, therefore, often cluster at multiples of five in

settings ranging from age reporting and health self-assessments to survey-based inflation

expectations (A’Hearn et al., 2009; Houle et al., 2013; Binder, 2017). In the context of

inflation rates, which are often around 2 percent and rarely exceed 10 percent in most ad-

vanced economies, thinking in steps of five is more salient than rounding to single integers,

which helps explain why these thresholds, rather than 1-percentage-point cutoffs, matter

for expectation formation.

To evaluate under what conditions left-digit bias in inflation expectations occurs, we

conduct an RCT that allows us to fully control the provision of information at the individ-

ual level. Participants were instructed to play an inflation-forecasting game (Salle et al.,

2026), in which they were repeatedly presented with annual inflation numbers and asked

to forecast next year’s inflation before seeing the actual inflation rate. We conducted the

survey in Germany from August 11 to September 19, 2025, with 1,000 participants. Partic-

ipants saw past inflation numbers from 2017 to 2022. For September 2022, the treatment

group saw an inflation rate of 10.1 percent, while the control group saw 9.9 percent.

Participants respond unevenly to the two displayed rates. Among men, seeing 10.1

rather than 9.9 percent raises inflation forecasts for the following year by 0.7 percentage

points; among participants with lower secondary education or less, by about 2 percentage

points; and among the fastest respondents, who plausibly pay the least attention to the

displayed numbers, by 1.3 percentage points. Among women, by contrast, the response
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merely matches the 0.2-percentage-point difference between the two displayed rates. The

groups with the strongest experimental response are also the groups that respond most

strongly to threshold events in the cross-country data. Because the experiment holds the

information environment fixed, their responses likely reflect genuine left-digit bias in how

they process inflation numbers, rather than media coverage or other factors that change

when actual inflation crosses a threshold.

After establishing left-digit bias in inflation expectations both in cross-country data and

in a controlled experiment, we study its macroeconomic and monetary policy implications.

We embed left-digit-biased inflation expectations into an otherwise standard New Keynesian

model, modifying only how individuals perceive inflation and how they form expectations.

Households and firms assume that inflation and output follow simple AR(1) processes and

update their beliefs using perceived current inflation rather than the actual inflation rate.

When left-digit bias is present, households update their perceived inflation discretely at

round-number thresholds and only gradually between them.

We then analyze how left-digit-biased inflation expectations change the propagation of

a cost-push shock. Without left-digit bias, inflation and the nominal interest rate increase,

while the output gap decreases on impact, before all converge back to the steady state. With

left-digit bias, the dynamics differ markedly. Even though inflation expectations and infla-

tion increase on impact because the shock is sufficiently large to push the economy above

the 5-percent threshold, the immediate responses are less pronounced than they would be

without left-digit bias. The reason is that, with left-digit bias, individuals’ expectations al-

ways lag those in the unbiased economy, updating only once thresholds are crossed. This

delayed updating reduces the initial amplification effect operating through higher inflation

expectations, resulting in more muted initial responses in inflation, the nominal interest

rate, and the output gap. Once inflation expectations are elevated because a threshold has

been crossed, however, they remain elevated longer than in the economy without left-digit

bias, because we plausibly assume that decreasing-inflation threshold events do not affect

inflation expectations. Hence, with the asymmetric left-digit bias in inflation expectations,

initial responses are more muted. However, once a shock is sufficiently large to cross a
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threshold, expectations remain elevated for longer, implying a more prolonged recession

and requiring a more persistent monetary policy response.

Our model hence provides one explanation for still-elevated average inflation expec-

tations in the U.S. and the euro area after the inflation surge in 2021 and 2022, which

are argued to represent a form of de-anchored inflation expectations (Coibion and Gorod-

nichenko, 2025). Although not a full theory of de-anchoring, the model shows how tran-

sitory shocks can have prolonged effects on inflation and inflation expectations when left-

digit bias is present. The key is that shocks are sufficiently large to push the economy across

salient inflation thresholds. These inherent nonlinearities also imply that small shocks can

have very different effects depending on the economy’s current state. We demonstrate that

small cost-push shocks can have much larger effects on the economy when inflation expec-

tations are already elevated, compared to the steady-state case in which inflation expec-

tations are zero. Applied to the current situation with still elevated inflation expectations,

our model with left-digit-biased inflation expectations suggests that a small shock, such as

a trade shock, can tip inflation across a salient threshold, leading to pronounced increases

in inflation.

Related literature. Our work relates to the literature on inflation expectations and

to the literature on left-digit bias. A large body of work studies household inflation expec-

tations (see, for example, Weber et al., 2022, for a recent survey). As that survey shows,

many determinants have been argued to play a role in expectation formation. Two are

closely connected to our work, past realized inflation and cognitive ability.

Past realized inflation affects households’ expectations of future inflation. Coibion et al.

(2023) find that Dutch households who receive information about recent inflation adjust

their expectations accordingly, consistent with many other studies (e.g., Bracha and Tang,

2025; Coibion et al., 2022; Weber et al., 2025). We contribute to this literature by exam-

ining how household inflation expectations respond differently to current inflation when it

crosses a round-number threshold.

Cognitive ability also shapes inflation expectations. Studying the male Finnish pop-

ulation, D’Acunto et al. (2022) find that only high-IQ men behave mostly like rational-
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expectations agents, with small forecast errors, consistent expectations, and behavior in

line with the Euler equation (see also Cavallo et al., 2017; D’Acunto et al., 2019). We show

that left-digit bias, potentially a cognitive factor, affects inflation expectations.

We also relate to work on (rational) inattention to inflation (e.g., Sims, 2003; Cavallo

et al., 2017; Weber et al., 2025). Two recent studies estimate an attention threshold be-

yond which attention to inflation strengthens, typically at country-specific values between

2 and 4 percent (Korenok et al., 2026; Pfäuti, 2026). Our theory of left-digit-biased infla-

tion expectations instead generates thresholds at salient round numbers, where inflation

expectations jump discontinuously while changing modestly in between. We compare the

two approaches in detail at the end of section 4.1. Moreover, Korenok et al. (2026) doc-

ument that news coverage of inflation exhibits the same threshold as search behavior, so

part of the attention response may reflect the supply of information. Our experiment holds

the supply of information fixed, so the responses we identify there cannot reflect increased

information supply at thresholds.

Binder (2017) documents that many households report inflation expectations at multi-

ples of five and uses this rounding behavior to construct a measure of inflation uncertainty.

Her approach exploits variation in bunching at multiples of five of reported expectations,

while we study how actual inflation numbers crossing multiples of five affect expectation

formation.

We also relate to the work on left-digit bias. Left-digit bias is best documented in the

context of 99-cent pricing (e.g., Thomas and Morwitz, 2005; Strulov-Shlain, 2023). It also

shapes prices and choices in other markets, including used cars (Lacetera et al., 2012),

apartments (Repetto and Solís, 2019), and ride-sharing (List et al., 2023). Closest to our

paper, Garz (2018) and Garz and Martin (2021) show that round-number events in the

unemployment rate shift household perceptions of the economy and voting for incumbent

politicians. We contribute to this research by studying left-digit bias in inflation expectations

theoretically and empirically.

Layout. The paper proceeds as follows. Section 2 presents the empirical evidence based

on cross-country data. Section 3 provides complementary evidence from an RCT. Section 4
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studies left-digit bias in a New Keynesian model. Section 5 concludes.

2 Cross-country evidence

2.1 Data

We compile a dataset on consumer prices and household inflation expectations across

29 European countries from January 2016 to December 2024. This period encompasses

the 2021–24 inflation episode, characterized by large swings in inflation rates. Such fluc-

tuations are essential for identifying inflation threshold events. We focus on 29 European

economies because comparable monthly data are available for a large set of countries and

over an extended period. The set of countries is determined by the European Commission’s

inflation expectations surveys, which include all EU member states and candidate coun-

tries.1 In turn, the start of the sample period in 2016 is determined by the availability of

the consumer price index as first published, as described below.

Consumer prices and inflation threshold events

We obtain the monthly year-on-year change in the Harmonized Index of Consumer Prices

(HICP) for all countries in our sample from Eurostat. The data underlying this index are

collected by the national statistical offices and transmitted to Eurostat. The HICP is the key

indicator used to communicate inflation trends to the public. Eurostat and most national

offices regularly report it in their monthly press releases and on their websites and social

media channels.2 We use the initially published index and inflation rate, before any subse-

quent statistical revisions, to capture the information available to the public at the time of

release. These data are available from January 2016 onward (Eurostat, 2018).

A country experiences an increasing-inflation threshold event in month t when its infla-

tion rate reaches or exceeds an inflation threshold, having been below it in month t − 1.

Conversely, a decreasing-inflation threshold event occurs when the inflation rate falls below a

1We exclude Turkey because its persistently high inflation rate makes it an outlier in this group of countries.
2Most national statistical offices also publish a national consumer price index (CPI). However, data on the

CPI are not consistently available in unrevised form (i.e., as first published), which is why we use the HICP
in our main analysis and rely on the CPI only for robustness checks.
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threshold, having been at or above it in the previous month. For each country i and month

t, we code two binary indicators, e↑i,t and e↓i,t , that equal one when the respective event

occurs and zero otherwise.

In our baseline estimations, we test whether inflation thresholds exist at multiples of five:

5, 10, 15, 20, and 25 percent. We focus on this range because most observations in our

sample fall between 0 and 25 percent. The value of 0 percent is not considered a threshold,

as households are likely less interested in price developments during low-inflation periods,

and crossing this value has theoretically ambiguous implications.3 We run extensive tests on

other potential inflation thresholds in section 2.5, showing that inflation threshold events

are most pronounced at multiples of 5.

Based on these definitions, we identify 170 inflation threshold events, with 85

increasing- and 85 decreasing-inflation threshold events. As shown in Figure A.1a in the

Online Appendix, these events occurred during the 2021–2024 inflation episode, with

increasing-inflation threshold events concentrated in 2021–2022 and decreasing-inflation

threshold events in 2023–2024. This timing underscores that our identification exploits this

exceptional period of high and volatile inflation. Inflation threshold events differ markedly

across countries and over time, with 40 distinct month–year occurrences and at least one

event in every country in our sample.

Inflation expectations

Data on households’ inflation expectations come from the European Business and Con-

sumer Surveys, administered by the European Commission. These surveys are conducted

by national institutes in the EU member states and candidate countries and have been pre-

viously used in several studies (for example, Andrade et al., 2023; Bracha and Tang, 2025;

Chen et al., 2022; D’Acunto et al., 2022, 2019; Dräger, 2015). We primarily use two vari-

ables: a qualitative and a quantitative measure of households’ inflation expectations for the

next 12 months.

The qualitative measure is based on the question: “By comparison with the past 12

3Other possible thresholds observed in the data, such as 30 and 35 percent, are also excluded because these
are rare and collinear with the fixed effects in the regression models.
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months, how do you expect that consumer prices will develop in the next 12 months?”

Survey respondents can choose one of the following answers: “increase more rapidly” (PP),

“increase at the same rate” (P), “increase at a slower rate” (E), “stay about the same” (M),

“fall” (MM), or “do not know” (N).

In our main specification, we use the balance of inflation expectations as provided by

the European Commission, (PP +0.5P)− (0.5M +M M), which ranges from -100 to +100.

We also consider each single category in extensions. The balance is a weighted difference

between households that expect weakly higher future inflation and those that expect zero

or negative inflation. Simply put, a larger balance indicates that more households expect

inflation to rise. As shown in Figure A.1b in the Online Appendix, the average balance

of inflation expectations increased during the 2021–24 inflation episode. The aggregate

balances within each country are representative of a country’s population (European Com-

mission, 2023).

The quantitative measure is based on the question, “By how many percent do you expect

consumer prices will go up/down in the next 12 months?” and allows survey respondents

to enter a number. We use this data to calculate the mean and median. Here we exclude

country-months with fewer than 800 interviews and responses with estimates below -5 or

above 30 percent, following the truncation approach of Huber et al. (2023).

2.2 Estimation strategy

When inflation increases, for example, from 3.8 to 5.1 percent, two simultaneous effects

on households’ inflation expectations might occur. First, the substantial price increase leads

to higher expected future inflation. Second, crossing the 5 percent threshold may affect

expectations beyond the price increase itself, due to left-digit bias. We employ a regression

discontinuity-like design to disentangle these two effects on inflation expectations. This

approach allows us to capture households’ discontinuous responses to inflation changes

when a threshold is crossed, as formalized in section 4.

A conventional regression-discontinuity design (RDD) involves an assignment variable

that determines which units receive treatment based on a specific cutoff value. In our case,
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Notes: The x-axis measures a country’s distance of inflation in period t − 1 from its next upper threshold from
period t − 2: πt−1 − 5

�πt−2
5

�

. This way, we pool all increasing-inflation threshold events at multiples of five
(5%, 10%, 15%, 20%, and 25%). By definition, values on the x-axis < 0 refer to situations without increasing-
inflation threshold events, whereas values ≥ 0 depict increasing-inflation threshold events. The figure excludes
the 10% of observations farthest from the cutoff on each side, where thin support makes the local polynomial fit
unreliable; Figure A.2 in the Online Appendix shows the full range together with observation counts.

Figure 1: Inflation expectations around increasing-inflation thresholds

assignment into treatment and control observations depends on two variables: the level of

and the monthly change in the inflation rate.4

While RDDs have been extended to accommodate multiple assignment variables (e.g.,

Cattaneo et al. 2020), we adopt a slightly different approach because our assignment vari-

ables lack fixed cutoffs, and treatment status depends on their interplay. For example, if a

country’s inflation in the current month is 9.6 percent, an increase of 0.4 percentage points

or more would be necessary to reach the 10 percent round-number threshold in the next

month. The larger the initial distance between the inflation rate and the next threshold,

the greater the monthly change in the inflation rate needed to cross the threshold. Hence,

the treatment assignment is a function of the distance between the inflation rate and the

next round-number threshold, as well as the size of the change in the rate between the cur-

rent and next month. In addition, a conventional RDD has the disadvantage that we could

not simultaneously estimate the impact of increasing- versus decreasing-inflation threshold

events.
4The following two studies have used an RDD to study left-digit bias. Repetto and Solís (2019) estimate

discontinuous jumps in the final price as a function of the asking price for apartments, while Heraud and
Page (2024) estimate discontinuities between the transaction price and the expected payoff of foreign
exchange options. We study inflation and inflation expectations, and adopt a more dynamic setup that
accounts for both the level and the change in the inflation rate.

11



To visualize the underlying discontinuity, we plot the balance of inflation expectations

against the distance of the inflation rate from its next upper threshold in Figure 1. If the

inflation rate in period t − 1 is above the next upper threshold based on the inflation rate

in period t − 2, an increasing-inflation threshold event has occurred, and the value on the

x-axis is positive. In contrast, if the inflation rate in period t − 1 is below the next upper

threshold based on the inflation rate in period t−2, no increasing-inflation threshold event

has occurred, and the value on the x-axis is negative. The balance of expectations jumps

upward at the cutoff, where the inflation rate crosses a multiples-of-five threshold from

below, consistent with left-digit bias. To the left of the cutoff, the balance of expectations

increases as the distance to the threshold decreases. This is plausible because observations

closer to the cutoff correspond to higher inflation levels or stronger inflation increases, both

of which should continuously raise households’ inflation expectations.

To formally estimate the impact of round-number threshold events, we specify a two-

way fixed effects model in which inflation expectations πe
i,t in country i and month t are

regressed on the binary indicators e↑i,t−1 and e↓i,t−1 of inflation threshold events, defined in

section 2.1, while controlling for actual inflation development Zi,t−1:

πe
i,t = α1e↑i,t−1 +α2e↓i,t−1 +α3Zi,t−1 + θi +ρt + εi,t (1)

We consider the balance of qualitative inflation expectations, as well as the mean and me-

dian of quantitative inflation expectations, as outcome variables πe
i,t , denoting future infla-

tion expectations reported in period t. The country fixed effects θi control for time-invariant

differences in expectations between states, whereas the time fixed effects ρt account for

overall trends in Europe. This specification is identical to the model proposed by Garz and

Martin (2021), except that their assignment variables are the level and change of the un-

employment rate. Apart from that, we specify the vector of controls Zi,t−1 in the same way:

bin dummies for the level of the inflation rate as well as a polynomial of order 3 of the

monthly change in a country’s inflation rate.

The bin dummies account for real price effects and differences in the baseline probabil-

ity of crossing a round-number threshold at different inflation rate levels. The closer the
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inflation rate is to the next round number, the more likely it is to cross this round number in

the next month. While it would be possible to include the inflation rate level as a continu-

ous variable, bin dummies have the advantage of accounting for possible nonlinear effects.

Adjusting the bandwidth of the bin dummies is equivalent to selecting the bandwidth in

standard regression discontinuity designs. Eurostat and its national counterparts measure

the inflation rate with a precision of one decimal place. We include one bin dummy for

each possible value, with a bandwidth of 0.1 percentage points. For example, we include

separate bin dummies for inflation rates between 3.8 and 3.9 percent, and between 3.9 and

4.0 percent. This allows us to control for the rate level in the most fine-grained way pos-

sible. In Section 2.5, we verify that our results remain similar when we use other possible

bandwidths, such as intervals of 0.2 and 0.5 percentage points.

The polynomial of the rate change controls for the mathematical fact that threshold

events are more likely the greater the change in inflation from the previous to the next

month. The results are generally not sensitive to the choice of the polynomial order, such

as 2, 3, or 4, as we show in Section 2.5. The same applies when we substitute the rate

change polynomial with rate change bin dummies and when we interact the rate change

with the inflation level bin dummies.

Equation (1) examines how changes in inflation rates in month t − 1, not in month t,

affect expectations. This timing reflects the data’s structure. Consumer surveys eliciting

inflation expectations are conducted during the first two to three weeks of each month

(European Commission, 2023). In contrast, Eurostat and the national statistical offices

release their initial consumer price index estimates between the end of the reference month

and the middle of the following one (Eurostat, 2018). Consequently, when households are

surveyed, they do not yet have the current month’s inflation estimate. We therefore link

their expectations to the inflation rate and to possible threshold events from the previous

month, while avoiding potential reverse causality in which households’ expectations affect

current inflation rates.

Equation (1) yields causal estimates of α1 and α2 as long as threshold events occur

randomly, conditional on continuous changes in inflation. The balance checks reported in
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Table A.1—which show that threshold events are uncorrelated with population size, GDP,

interest rates, unemployment, and the balance of payments—support the assumption of

random assignment.

The surveys underlying our outcome variables are representative of each country’s popu-

lation. However, estimates that ignore differences in population size across countries would

be misleading. We therefore weight all regressions by each country’s population share in

the sample and compute standard errors robust to clustering by country and autocorrelation

(Cameron and Miller, 2015).

2.3 Main results

The estimation results are summarized in Table 1. According to Column (1), increasing-

inflation threshold events significantly increase the balance of inflation expectations.

The point estimate suggests an increase of 4.2 percentage points, corresponding to ap-

proximately one quarter of the standard deviation of the balance of expectations, as

4.191/17.479 = 0.240. Hence, the effect of an increasing-inflation threshold event is siz-

able. The coefficient on the decreasing-inflation threshold dummy is small and not signifi-

cant at conventional levels. However, we cannot reject the null hypothesis that the effects

of increasing- and decreasing-inflation threshold events are symmetric, α1+α2 = 0 in equa-

tion (1), with a p-value of 0.107.

Turning to mean and median expectations shows similar results. An increasing-inflation

threshold event raises the mean of inflation expectations significantly by 71 basis points,

corresponding to 0.20 standard deviations of this variable; see Column (2). Similarly, as

Column (3) shows, the median of expected future inflation also increases significantly by 93

basis points, or 0.22 standard deviations, in response to an increasing-inflation threshold.

In contrast, the effect of decreasing-inflation threshold events on households’ quantitative

expectations is not statistically different from zero. For the median expectation, we reject

the null hypothesis of symmetric effects at the 10-percent level (p = 0.082).

To illustrate the magnitude of the threshold effect, consider a case in which the median

expected inflation is 4.00 percent and current inflation rises from 4.99 to 5.00 percent,
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(1) (2) (3)
Qualitative

expectations
Mean

estimate
Median
estimate

Increasing-infl. threshold 4.191∗∗ 0.710∗∗∗ 0.934∗∗

(1.965) (0.199) (0.396)
Decreasing-infl. threshold 0.886 -0.283 0.081

(2.006) (0.270) (0.396)

H0: symmetric effects (p-value) 0.107 0.160 0.082
Mean of dependent variable 20.831 6.302 4.301
SD of dependent variable 17.479 3.606 4.230
Observations 3085 2647 2647

Notes: Qualitative expectations refer to weighted difference between households that expect higher future
inflation and those that expect zero or negative inflation. The mean and median expectations are based on
households’ point estimates of the future inflation rate. All specifications include time and country fixed effects,
a 3rd order polynomial of the change in inflation rate, and inflation rate bin dummies with a bandwidth of
0.1. The regressions are weighted by countries’ population share in the sample. A threshold event refers to
a situation where a country’s inflation rate crosses a value of 5, 10, 15, 20, or 25%. Standard errors (in
parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table 1: Inflation threshold events and inflation expectations

crossing the 5 percent threshold. This one-basis-point change is negligible and well within

typical measurement error. Yet, households’ median inflation expectations jump discon-

tinuously from 4.00 to 4.90 percenta sizable shift. Because inflation thresholds occur at

multiples of five, this effect implies that when inflation increases by five percentage points

over several months, almost one-fifth of the total adjustment in median expectations hap-

pens discontinuously at the threshold. Hence, the results in Table 1 show that inflation

threshold events have pronounced effects on mean and median inflation expectations, con-

sistent with evidence from qualitative expectations.

2.4 Heterogeneity

How are changes in the quantitative measure of inflation expectations related to changes

in the qualitative measure? We decompose the change in average expected inflation into

an extensive margin, movements of respondents between the five response categories of

the qualitative question, and an intensive margin, changes in expected inflation within

those categories. Online Appendix B in the Online Appendix derives the decomposition

and describes its measurement.
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To estimate the extensive margin, we estimate equation (1) for each of the five groups

separately, with the share of households in a given group as the dependent variable (Ta-

ble A.2 in the Online Appendix). In response to an increasing-inflation threshold event, the

share of households expecting prices to stay about the same falls by 3.5 percentage points,

and the share expecting prices to fall declines by 0.4 percentage points. These respondents

move into the groups expecting strictly positive inflation, most visibly the group expecting

prices to increase at the same rate, whose share rises by 1.9 percentage points. Weighting

these share changes by within-group average expectations, the extensive margin accounts

for 39 basis points of the 71 basis point total change estimated in Table 1, Column (2),

with the remaining 32 basis points attributed to the intensive margin and the interaction

term. Within-group expectations themselves respond only weakly to a threshold event, as

shown in Table A.3 in the Online Appendix, where the coefficients are small and mostly

insignificant.5

The decomposition shows that the aggregate response is concentrated, as average ex-

pectations move mostly because some households leave the zero- or negative-inflation cat-

egories, and less because all households raise their expectations. We now ask which demo-

graphic groups respond most strongly.

As Table A.4 shows, increasing-inflation threshold events raise mean expectations by

0.74 percentage points for both men and women. Median expectations also increase for

both groups, with a larger estimate for men (1.11 percentage points) than for women

(0.76 percentage points). Gender differences in inflation expectations are documented

more broadly by D’Acunto et al. (2021b), who link them to differential exposure to grocery

prices. According to Table A.5, increasing-inflation threshold events significantly raise both

mean and median expectations across all education groups, with the largest effects among

respondents with primary education (1.3 percentage points for the mean and 1.6 percent-

age points for the median). These effects are more than twice as large as those among

respondents with further education, whose mean and median expectations increase by 0.5

5These results align with Andrade et al. (2023), who find that most of the variation in inflation expectations
in France between 2004 and 2018 is driven by changes at the extensive margin. We show that the extensive
margin changes substantially due to inflation threshold events.
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and 0.6 percentage points, respectively.

Hence, the expectation response to threshold events is strongest among respondents

with primary education, and median expectations respond more for men than for women.

This pattern is consistent with a subpopulation of threshold-attentive households driving the

aggregate effect. The experiment in section 3 returns to this heterogeneity at the individual

level.

2.5 Robustness and placebo tests

We now test for alternative inflation thresholds. Table A.6 in the Online Appendix shows

that we do not find a discontinuity when considering integers rather than multiples of five.

To assess whether multiples of five are more relevant thresholds for left-digit bias than

arbitrary inflation values, we compare the baseline estimate with the distribution of esti-

mates from 1,000 placebo regressions. In each iteration, we randomly draw one non-integer

threshold, measured to one decimal place, from each of the intervals 0.1-4.5, 5.5-9.5, 10.5-

14.5, 15.5-19.5, and 20.5-24.5 percent.6 The results are summarized in Figure A.4. The

distribution of coefficients from these placebo regressions is centered around zero, indi-

cating null effects, while the estimate for multiples of five lies far in the right tail. Only

1.8 percent of the placebo estimates exceed the multiples-of-five estimate, placing it at the

98.2nd percentile of the placebo distribution. This finding supports the interpretation that

multiples of five, rather than arbitrary values, are relevant thresholds for left-digit bias.

The prominence of thresholds at multiples of five is consistent with well-documented

numerical and behavioral regularities. Human number perception is shaped by a sub-base-

5 structure that originates from finger counting, making values such as 5, 10, 15, and 20

natural categorical anchors in mental representation and reporting (e.g., Domahs et al.,

2010). Across diverse contexts, from demographic age reporting and medical self-reports

such as headache frequency to survey-based inflation expectations, outcomes often system-

6Drawing one threshold from each interval ensures that every placebo set spans an inflation range similar to
that of the true multiples-of-five definition and avoids accidental clustering within a narrow range, such
as 3.1, 3.3, 3.4, 3.6, and 3.8 percent. Excluding values within 0.5 percentage points of multiples of five
reduces contamination from true threshold events; for example, an increase in inflation from 4.9 to 5.4
percent crosses not only 5 percent but also non-integers at 5.1, 5.2, 5.3, and 5.4 percent.
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atically cluster at multiples of five (A’Hearn et al., 2009; Houle et al., 2013; Binder, 2017).

Our finding that inflation threshold effects occur at 5-percentage-point intervals, therefore,

aligns with a broader regularity in human numerical cognition and behavior rather than

being specific to the inflation domain.

We run several other robustness checks. The detailed results are available in the Online

Appendix. Figure A.5 shows the results when we replace the multiples-of-five treatment

dummy with separate dummies for individual thresholds. Accordingly, effect sizes tend to

increase with larger threshold values. We also include a dummy variable for the 2 percent

threshold in the regression. While this value is not a multiple of five, it may be psycholog-

ically relevant given the European Central Bank’s inflation target. However, as the figure

shows, crossing this threshold does not induce a discontinuous change in inflation expec-

tations.

According to Table A.7, our results are robust to specifying alternative bandwidths for

the bin dummies that control for the level of the inflation rate. While the baseline model

includes one bin for each possible step in the inflation rate, equal to 0.1 percentage points,

the alternative specifications use bandwidths of 0.2 and 0.5 percentage points, respectively,

which produce slightly smaller effect sizes but otherwise similar results. In Table A.8, we

change the polynomial order of the change in the inflation rate from third to second and

fourth order and find no noticeable differences. Another alternative for accounting for

changes in the inflation rate is to include bin dummies rather than a polynomial. According

to Table A.9, this modification indicates slightly larger effect sizes than the baseline models.

We also estimate models with interactions between the absolute change in the inflation

rate and the individual bin dummies for the rate level. This specification accounts for the

possibility that households react differently to rate changes of equal magnitude when they

occur at different inflation rates. As Table A.10 indicates, the results remain qualitatively

similar, though.

As discussed in Section 2.1, we use the HICP to measure inflation and define threshold

events because this index is available for all countries in the sample as initially published.

While a country’s consumer price index (CPI) might be slightly more important when na-
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tional statistical offices and news sites report on inflation, the CPI data are mostly available

only in revised form. Hence, we cannot accurately evaluate the impact of CPI-based thresh-

old events on inflation news coverage and expectations. Results in Table A.11 indicate that

the effects on mean and median expectations remain similar when we use CPI-based mea-

sures. However, the estimated effect of increasing-inflation threshold events on qualitative

expectations is substantially smaller, likely because CPI data revisions introduce measure-

ment error in the occurrence of such events.

In Table A.12, we use the wild cluster bootstrap method (Cameron et al., 2008). The

resulting p-values confirm the statistical significance of the relevant coefficients, even given

the relatively small number of clusters (i.e., 29 countries).

Table A.13 presents results for inflation perceptions. Increasing-inflation threshold

events raise the balance of perceptions by 3.0 points, although the effect is only marginally

significant. This increase is driven primarily by a decline in the share of households re-

porting that prices have stayed about the same, accompanied by positive but imprecisely

estimated shifts toward the categories indicating that prices have risen. Decreasing-inflation

threshold events, in contrast, reduce the balance of perceptions by 4.3 points. Households

shift away from reporting that prices have risen moderately and toward reporting that they

have risen only slightly, stayed about the same, or fallen. Hence, inflation perceptions

respond to threshold crossings in both directions, with the evidence being particularly pro-

nounced for decreasing-inflation events. This contrasts with the results for inflation ex-

pectations, which respond primarily to increasing-threshold events. One reading is that

households acknowledge that price pressure has eased when inflation falls below a thresh-

old, but this does not translate into lower expected inflation.

While our estimation strategy exploits households’ discontinuous responses to changes

in inflation, we do not rely on a conventional RDD because we have two assignment

variables—the monthly change and the level of inflation—that lack fixed cutoffs for treat-

ment assignment. To assess robustness, we also estimate a standard RDD using a combined

assignment variable, πt−1 − 5 dπt−2/5e , which measures the distance of the inflation rate

in t − 1 from the next upper round-number threshold in t − 2. The results, reported in
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Table A.14, yield substantially larger effect sizes than our baseline specification. Hence, the

evidence for discontinuities at multiples of five is robust and, if anything, understated in

our main estimates.

3 Experimental evidence

3.1 Design and participants

While cross-country evidence reveals clear discontinuities in aggregate expectations, it

cannot explain why these jumps occur, as we observe only national inflation rates and

country-level averages of expectations. We do not see what information individual house-

holds receive, nor how they process it. Threshold events may trigger direct number-

processing responses, but they may also induce changes in media coverage that shift ex-

pectations for different reasons. To study the isolated, direct left-digit mechanism at the

individual level, we complement the cross-country analysis with a randomized controlled

trial. The experiment was preregistered at the American Economic Association’s registry for

randomized controlled trials and approved by the Swedish Ethical Review Authority (Garz

and Larin, 2025).

The experimental design followed guidelines for information-provision experiments

on economic expectations (Fuster and Zafar, 2023) and took the form of an inflation-

forecasting exercise (Salle et al., 2026), consisting of several rounds of forecasting. Table 2

summarizes the survey design, which we now explain in detail. The precise wording of the

survey can be found in Online Appendix C.1 of the Online Appendix.

Over three rounds, participants saw information about past inflation in Germany and

were asked to forecast the future inflation rate. We ran the survey experiment in Germany

for three main reasons. First, it is the largest economy in Europe, making its households’

inflation perceptions particularly relevant. Second, our fluency in German ensured accurate

and precise wording of the survey instructions and information treatments. Third, the

inflation rate in Germany recently exceeded the 10-percent threshold, allowing us to design

the experiment around a realistic setting.
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Forecasting round Control Treatment

1

Sep 2017 1.8% 1.8%
Sep 2018 2.2% 2.2%
Sep 2019 0.9% 0.9%
Sep 2020 -0.4% -0.4%

2 Sep 2021 4.1% 4.1%

3 Sep 2022 9.9% 10.1%

Table 2: Experimental design

In the first round, all participants saw year-on-year inflation rates of 1.8, 2.2, 0.9, and

-0.4 percent for September 2017 to September 2020.7 They were then asked to forecast the

September 2021 inflation rate. In the second round, participants were shown the realized

inflation rate of 4.1 percent in September 2021 and asked to forecast the inflation rate

for September 2022. In the third and last round, participants in the control group saw

an inflation rate of 9.9 percent, while participants in the treatment group saw a value just

above this threshold, 10.1 percent. We hence used an active control group design, in which

all participants received some, but different, information (Haaland et al., 2023).

The preregistered design also included a second treatment arm in which participants,

in addition to seeing an inflation rate of 10.1 percent, were told that this was the highest

value in 30 years. We included this arm because the experiment was designed to serve two

projects: this paper studies the direct number-processing response, while the second treat-

ment arm examines whether framing inflation as a historical record amplifies or dampens

left-digit reactions, as discussed in our companion paper (Garz and Larin, 2026). Any in-

cremental effect of this framing beyond the 10.1-percent value would not be attributable

to left-digit bias, so we exclude this arm from the baseline analysis and report results that

include it in Table C.2.

The experiment was conducted on Prolific between August 11 and September 19, 2025.

Potential participants were informed about the purpose of the research, the voluntary na-

ture of participation, and their right to withdraw at any time. Explicit consent was required

7We also considered presenting year-on-year inflation rates at a monthly frequency, in line with the cross-
country data. However, we discarded this option after receiving feedback during the piloting phase that
this setup might confuse participants.
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to proceed; otherwise, the survey was terminated. Each participant received a payment of

0.61 EUR. Given an average completion time of 147.4 seconds, this corresponds to an hourly

rate of 14.90 EUR (about 17.44 USD), consistent with Prolific’s recommended compensa-

tion and above Germany’s minimum wage of 12.82 EUR. Based on power calculations, the

target sample included 1,000 gender-balanced participants. As specified in the pre-analysis

plan, we excluded non-consenting respondents, incomplete surveys, and inflation forecasts

below −5 percent or above 30 percent, as well as the top and bottom 1 percent by comple-

tion time.

The design of our experiment was based on two requirements. First, because participants

are more likely to update their beliefs in response to credible information, testing for left-

digit bias required embedding the experiment in a realistic context. Second, we needed to

present the control group with a value just below the threshold and the treatment group

with a value just above it. Given these requirements, we selected the values of 9.9 and 10.1

percent, which are the closest values around the inflation rate of 10.0 percent published in

September 2022 by the Federal Statistical Office of Germany. The alternatives would have

been to present, for example, the initially published figure of 10.0 percent and the value

of 8.6 percent provided by the Federal Statistical Office after they revised their data, or to

present entirely hypothetical values. The first option would not have allowed identification

of left-digit bias because 8.6 and 10.0 percent are too far apart. The second option would

have been to use an entirely hypothetical scenario with artificial statistics, which could have

reduced participants incentives to treat the information as a credible signal about inflation

and update their beliefs accordingly. Hence, even though the two values of 9.9 and 10.1

percent we presented do not exactly match the published value of 10.0 percent, they are

the only feasible way to test for left-digit bias in a realistic context.

At any point in time, several conceptually distinct inflation measures coexist, and the

appropriate measure depends on the economic question. For instance, the current-month

value of any specified official index may be uncertain before the final release and may later

be affected by benchmark changes, as the revision of the CPI-based measure by the Federal

Statistical Office from 10.0 percent (9.99 percent before rounding) to 8.6 percent shows,

22



both of which differ from Germany’s September 2022 HICP-based inflation rate of 10.9

percent published by Eurostat. Given the uncertainty and multiplicity of official inflation

measures, our choice of 9.9 and 10.1 percent lies within the range of published values.

Furthermore, the survey experiment attributed the values to no institution or index, an-

nouncing only “data on consumer prices in Germany.” The minimal deviation from the

published record is the price of identifying the discontinuity. We minimized the potential

impact on participants’ confidence in the research process through i) informed consent, ii)

preregistration and ethical approval, iii) a between-subject design with one-time participa-

tion, so that no participant could detect the variation, and iv) a debriefing screen showing

the current official rate (Online Appendix C.1).

3.2 Analysis and results

We estimate the effect of the information treatment on participant p’s quantitative infla-

tion expectation πe
p in the final, third round of the forecasting exercise:

πe
p,3 = α+ βI(πp,3 = 10.1) +πe

p,2 + X p + γ+δ+ εp

where πe
p,2 controls for participant p’s inflation forecast made in the second round, prior to

the treatment, I(πp,3 = 10.1) is the treatment indicator, X p includes pre-registered controls

for legal sex, age, education, and nationality, and γ and δ are date and hour-of-the-day

fixed effects. The β coefficient measures the impact of the information treatment on the

outcome variable relative to the control group.

Table 3 summarizes the estimation results. According to Column (1), participants ex-

posed to the 10.1-percent inflation rate report final-round inflation forecasts that are, on

average, 0.32 percentage points higher than those of participants exposed to 9.9 percent. A

difference of 0.20 percentage points is expected from the information treatment alone, so

the point estimate indicates a stronger adjustment than the numerical difference between

the two inflation rates. Adding hour-of-the-day and date fixed effects leaves the estimate

almost unchanged at 0.36 percentage points, as shown in Column (2). When the preregis-
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(1) (2) (3)

Treatment: increasing-infl. threshold 0.323 0.355 0.448
(0.289) (0.289) (0.291)

Hour and date fixed effects No Yes Yes
Demographic controls No No Yes
Mean of dependent variable 7.498 7.498 7.496
SD of dependent variable 4.603 4.603 4.605
Observations 955 955 954

Notes: OLS estimates. The dependent variable is participants’ inflation forecast in the final round in per-
centage points, truncated at -5 and +30%. All models control for the inflation forecast in the second round.
The demographic controls are legal sex, age, education, and German nationality. Heteroskedasticity-robust
standard errors are in parentheses.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table 3: Results from the survey experiment

tered demographic controls are added in Column (3), the estimated effect increases to 0.45

percentage points. This increase may reflect chance differences in demographic composi-

tion between the treatment and control groups, combined with heterogeneous treatment

responses across demographic groups. For example, Table C.1 shows that participants in

the treatment group are slightly more highly educated. The estimates are consistently posi-

tive and exceed the 0.20-percentage-point information difference across specifications, but

none is statistically significant at conventional levels.

As Table C.2 in the Online Appendix shows, we obtain similar results when we include the

second treatment arm and when we use non-truncated inflation forecasts as the outcome.

Forecasts in Treatment 2, where participants were additionally told that inflation was at its

highest level in 30 years, decreased by 0.55 percentage points relative to the control group,

likely because participants interpreted such statements as a signal that inflation had peaked

and would subsequently decline. In addition, Column (3) of Table C.2 provides no evidence

that the treatment affects qualitative inflation expectations. This null result likely reflects

saturation, as only 3 percent of respondents held zero or negative expectations in round 2,

leaving little scope for the threshold treatment to move participants into higher qualitative

categories.

Next, we examine how the estimated treatment effect varies across our preregistered

moderators, including participants demographic characteristics, inflation perception gaps,
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forecast errors, and survey completion times.8 As Panel (a) of Figure C.1 in the Online

Appendix shows, the treatment has virtually no effect among women. The estimated 0.20-

percentage-point effect merely matches the numerical difference between 9.9 and 10.1 per-

cent. Among men, by contrast, it raises inflation forecasts by 0.66 percentage points, an

effect that is statistically significant at the 10-percent level. According to Panel (b), none of

the estimated treatment effects is statistically significant across the age groups. As Panel (c)

shows, the treatment raises inflation forecasts by approximately 2 percentage points among

participants with lower secondary education or less, corresponding to a substantial effect

of 0.43 standard deviations and statistically significant at the 10-percent level. There are

no significant effects for the other education groups. According to Panel (d), the treatment

has no significant effect among German nationals. In contrast, it raises inflation forecasts

by approximately 1.2 percentage points among non-German nationals, a difference that is

statistically significant at the 10-percent level.

As Panel (a) of Figure C.2 shows, also in the Online Appendix, the treatment raises infla-

tion forecasts by 1.5 percentage points among participants who most strongly overestimated

current inflation, statistically significant at the 10-percent level, while no significant effects

emerge for the other perception-gap categories. According to Panel (b), the treatment raises

inflation forecasts by 4 percentage points among participants who overestimated inflation

in round 2, a difference that is statistically significant at the 10-percent level. There are no

significant effects for participants who underestimated inflation. Panel (c) indicates that

the treatment effect is concentrated among the fastest respondents. For those in the short-

est completion-time group, forecasts increase by 1.3 percentage points, significant at the

5-percent level, whereas the estimates for the remaining groups are small and insignificant.

Because completion time is measured after treatment, this pattern should be interpreted

descriptively rather than as causal heterogeneity.

Overall, we find significant treatment effects among men, participants with lower ed-

8Employment status and place of birth were also preregistered as controls but are excluded because employ-
ment status, as provided by Prolific, is missing for approximately half of the sample, and place of birth
is highly collinear with nationality. All heterogeneity regressions include the remaining preregistered de-
mographic controls to account for chance differences in demographic composition between the treatment
and control groups.
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ucation, those who substantially overestimate inflation, and the fastest respondents. For

the most part, these patterns are consistent with the idea that the 10-percent threshold

exerts greater influence when respondents have weaker prior knowledge, answer more in-

tuitively, or with less deliberation. One possible explanation for the particularly strong

response among those who substantially overestimate inflation is that they distrust official

inflation statistics but nevertheless extract information from them. For these respondents,

an official rate above 10 percent may be especially salient because it confirms their prior

belief that inflation is considerably higher than the officially reported rate.

These patterns mirror the cross-country evidence. In aggregate data, increasing-inflation

threshold events raise median expectations by more for men (1.11 percentage points) than

for women (0.76 percentage points). They raise mean and median expectations by more

than twice as much for respondents with primary education as for those with further edu-

cation (Tables A.4 and A.5). The groups that respond to the threshold in the experiment

are thus the groups that respond in the field: men and respondents with lower education.

Two designs, one with full control over the information provided and one with real-world

variation across 29 countries, locate left-digit bias in the same part of the population.

4 A New Keynesian model with left-digit-biased inflation expectations

To study how left-digit-biased inflation expectations affect the dynamics of inflation and

the output gap in general equilibrium and what the implications for monetary policy are,

we now embed a parsimonious specification of left-digit-biased inflation expectations in a

simple New Keynesian model (Galí, 2015). To keep the exposition concise, we follow our

empirical results and focus on inflation thresholds that are multiples of 5 percent, even

though the model can be generalized to thresholds of any multiple, such as full integers or

multiples of 10.
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4.1 The model

A representative household9 perceives inflation with a left-digit bias according to:

Perception
︷︸︸︷

πp
t =

Perception t − 1
︷︸︸︷

π
p
t−1 +

Discontinuous updating
︷ ︸︸ ︷

d(πt ,πt−1) +

Attention to inflation changes
︷ ︸︸ ︷

(1− θ ) [∆πt − d(πt ,πt−1)]

+ (1−λ)
�

πt−1 −π
p
t−1

�

︸ ︷︷ ︸

Attention to inflation level

, (2)

where θ ∈ [0,1] captures the degree of left-digit bias, or inattention to inflation10,

d(πt ,πt−1) captures discontinuous updating, λ ∈ [0,1] inattention to the level of infla-

tion, and ∆πt ≡ πt − πt−1 is the change in the actual inflation rate. Households update

their perceived inflation only discontinuously according to

d(πt ,πt−1) =∆
j πt

0.05

k

0.05×











1 if ∆
�

πt
0.05

�

≥ 0

χ else ,
(3)

with bc being the floor operator, ∆
�

πt
0.05

�

≡
�

πt
0.05

�

−
�

πt−1
0.05

�

, and χ ∈ [0,1]. The difference

∆
�

πt
0.05

�

is one if inflation crosses a threshold from below, negative one if inflation crosses

a threshold from above, and zero if no threshold is crossed.

To gain intuition for this formulation, consider first the case of symmetric left-digit bias,

χ = 1, and no attention to the level of inflation, λ= 1. Then, equation (2) simplifies to

πp
t
︸︷︷︸

Perception

=
j πt

0.05

k

× 0.05
︸ ︷︷ ︸

Round numbers

+(1− θ )
�

πt −
j πt

0.05

k

× 0.05
�

︸ ︷︷ ︸

Attention to values between round numbers

, (4)

Perceived inflation is a round number plus a fraction 1 − θ of the distance between the

actual inflation rate and the round number, reflecting attention to these in-between values.

9The assumption of a representative household is without loss of generality. As shown in Online Ap-
pendix D.1, if we assume that households differ in their attention parameter θi , average perceptions and
expectations still satisfy equations (2) and (6) evaluated at the mean θ̄ . For example, with one always-
attentive type and one type attentive only at thresholds, θ̄ corresponds to the share of threshold-attentive
households, consistent with the extensive-margin evidence in section 2.

10We use the term inattention when referring to left-digit bias, but left-digit bias might also be the result
of imperfect price recall, a tendency to choose round numbers to represent reference prices, or price
categorization (Strulov-Shlain, 2023).
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For example, if inflation is 9.8 percent and households are fully inattentive, θ = 1, then

perceived inflation is 5 percent. If instead households are fully attentive, θ = 0, then

perceived inflation is 9.8 percent, while if households are partially inattentive, θ = 0.5,

then perceived inflation is 7.4 percent. This formulation follows the literature on 99-cent

pricing, see, for example, List et al. (2023) and Strulov-Shlain (2023).

If inflation surpasses a threshold—a multiple of 0.05—and if the change itself is infinites-

imally small, perceived inflation jumps discontinuously by 0.05×θ , exactly the discontinuity

we discover in our regression discontinuity design in section 2.

The common formulation equation (4) implies that these discontinuous jumps are sym-

metric. If inflation crosses a threshold from below, perceived inflation jumps up, and

if inflation crosses a threshold from above, perceived inflation jumps down by the same

amount. Since our empirical results in section 2 provide robust evidence of discontinuous

updating only when inflation crosses a threshold from below, we allow for asymmetric left-

digit bias with χ < 1 in equation (2). For example, assume fully inattentive households,

θ = λ = 1 and asymmetric left-digit bias, χ = 0. If inflation moves from πt−1 = 0.048

to πt = 0.049, the floor function returns 0 for both, and the household does not update

its perceived inflation, d(πt ,πt−1) = 0. However, if inflation moves from πt−1 = 0.049 to

πt = 0.050, the floor function returns 0 for πt−1 and 1 for πt . Since the household pays

attention only to the leftmost digit, it will update its perceived inflation by 5 percentage

points: d(πt ,πt−1) = 0.05. If, however, inflation moves from πt−1 = 0.050 to πt = 0.049,

perceived inflation does not jump downwards. For perceived inflation also adjusting down-

wards over time, however, the household has to pay some attention to the level of actual

inflation, that is, λ < 1. Otherwise, with χ < 1 and λ = 1, perceived inflation would in-

crease in discrete jumps forever, never converging back to actual inflation. We, therefore,

include the last term in equation (2).

Based on their perception of inflation, equations (2) and (3), households form inflation

expectations. The representative household assumes that inflation πt evolves according to

an AR(1) process

πt+1 = ρπt + (1−ρ)π∗ + εt+1, (5)
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where ρ ∈ (0,1) is the perceived inflation persistence, π∗ is the perceived long-run inflation

rate, and εt+1 denotes a white-noise shock with mean zero. Inflation might evolve differ-

ently, but the household believes it follows this process. In a given month t, households

then form inflation expectations based on perceived inflation from period t − 1 and the

AR(1) process in equation (5):

Eb
tπt+1 = ρ

2π
p
t−1 + (1−ρ

2)π∗, (6)

where the superscript b indicates behavioral expectations that may deviate from rational

expectations. Jump discontinuities in perceived inflation, as described in equation (2), di-

rectly translate into jump discontinuities in inflation expectations. The timing, as previously

described, takes account of the empirically plausible information lag. However, the main

results of this section would not change if households observed current inflation πt when

forming expectations.

Our parsimonious modeling of left-digit-biased inflation expectations relates to existing

approaches as follows. Like the empirical literature on left-digit bias (Lacetera et al., 2012;

Strulov-Shlain, 2023), we treat the degree of bias θ as a primitive. The perception func-

tion is an instance of anchoring to a default (Gabaix, 2019, ch. 2.3.15): perceived inflation

equals a default value plus partial attention 1−θ to the remainder, where our default is the

focal round number below actual inflation rather than the leading-digit truncation. This

choice of default produces jumps at multiples of five and nowhere else, which is the pattern

our placebo tests support. Following Gabaix (2019), attention could be endogenized with

cognitive costs, so that households choose θ themselves, and the asymmetry χ < 1 would

additionally require attention that responds to adverse news. Neither derivation has been

worked out, and we take the documented bias as given. Within the rational-inattention

literature on inflation expectations, the closest approach is Pfäuti (2026), where a fixed in-

formation cost makes attention jump once inflation crosses an endogenous threshold. His

model, therefore, also generates a discrete response of expectations when inflation rises

past a threshold and a muted response once it falls back below. The thresholds differ, how-

ever. Estimated freely, his threshold is unique and lies at about 4 percent, and information

29



criteria reject specifications with multiple thresholds. Korenok et al. (2026) estimate similar

country-specific attention thresholds, typically between 2 and 4 percent, for 38 economies.

Such thresholds reflect the cost-benefit trade-off of paying attention, so their location de-

pends on a country’s inflation environment rather than on particular numbers. Left-digit

bias instead places thresholds at salient round numbers, and the resulting jumps do not

decline at higher thresholds and arise only when inflation rises. The two mechanisms are

complementary, as an attention threshold determines when households start paying atten-

tion to inflation, while left-digit bias influences how they process the numbers they attend

to.

The remaining model elements follow a standard New Keynesian model and are de-

scribed in detail in Online Appendix D.2 of the Online Appendix. The following three stan-

dard equations summarize the entire economy:

πt = βEb
tπt+1 +κeyt + zt (7)

eyt = Eb
t eyt+1 −

1
σ

�

ît −Eb
tπt+1

�

(8)

ît = φππt +φy eyt , (9)

together with equations (2), (3) and (6) for inflation expectations and output-gap expec-

tations11

Eb
t eyt+1 = ρ

2
y eyt−1.

See Online Appendix D.2 for details and the derivation.

Equation (7) is the New Keynesian Phillips curve (NKPC) with πt denoting the inflation

rate, β the household’s subjective discount factor, Eb
tπt+1 are behavioral inflation expecta-

tions, κ the slope of the Phillips curve, eyt the output gap, and zt a cost-push shock following

an AR(1) process with persistence ρz. It describes how firms set current prices and deter-

mine inflation based on their expectations of future inflation and the current output gap.

Equation (8) is the aggregate Euler equation with 1
σ the intertemporal elasticity of sub-

11Consistent with the information lag in inflation perceptions and expectations, households form output-gap
expectations based on last period’s output gap.
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stitution, and ît the difference of the nominal interest rate and its steady-state value. It

describes how households choose current relative to expected future consumption based

on the next-period real interest rate. Finally, equation (9) is a simple Taylor rule with infla-

tion coefficient φπ and output gap coefficient φy . This monetary policy rule captures how

the central bank sets the nominal interest rate in response to inflation and the output gap.

This model differs from the standard New Keynesian model in two ways. First, house-

holds believe that consumption and inflation follow AR(1) processes, and firms have fore-

casters identical to households in forming expectations about inflation and the output gap.

Second, households do not perfectly observe inflation but instead have left-digit-biased per-

ceptions and expectations of inflation. Perceived inflation can differ from actual inflation,

affecting a household’s forecast of future inflation.

4.2 How left-digit bias changes the propagation of a cost-push shock

We now examine how left-digit-biased inflation expectations shape the propagation of

a cost-push shock. The system is solved by forward iteration, given initial values for the

nominal interest rate, the lagged output gap, and past inflation, as well as an exogenous

shock sequence {zt}. At each step, this requires solving a nonlinear system of equations.

The nonlinearity arises from the left-digit-biased formation of inflation expectations.

We calibrate the model at a monthly frequency, setting the following parameters to stan-

dard values from the literature (Galí, 2015): β is set to 0.9967, resulting in a 4 percent

real annual interest rate, κ is set to 0.01, σ is set to 1, φπ is set to 1.5, and φy is set to

0.50/12 = 0.042. We will study different values for the inattention to the right digits in

inflation, θ . Following our findings from the empirical analysis, we set χ = 0, implying

asymmetric left-digit bias. For inflation perceptions to converge to the steady-state infla-

tion rate of 0 percent, households must still pay some attention to the current inflation

level, λ < 1, as discussed above. We set λ = 0.9. The parameters for the subjective persis-

tence of inflation and consumption are set to ρπ = 0.9 and ρy = 0.9. Lastly, we consider a

cost-push shock that causes inflation to exceed the 5-percent threshold on impact and then

revert to zero with persistence ρz = 0.9. The implied impact shock size is 0.0675. Since
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(a) Cost-push shock
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(b) Inflation
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(c) Perceived inflation
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(d) Expected inflation
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(e) Output gap
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(f) Nominal interest rate

Notes: The cost-push shock is of size 0.0675 on impact and follows an AR(1) process with persistence 0.9. The
panels show impulse-response functions for different degrees of left-digit bias, θ ∈ {0,0.5, 1}, where θ = 0
corresponds to no left-digit bias, θ = 1 to full left-digit bias, and θ = 0.5 to intermediate left-digit bias.

Figure 2: Impulse-response to a cost-push shock

this is a comparatively simple model, the results shown are not intended to be quantitatively

accurate but to illustrate the qualitative effects of left-digit-biased inflation expectations on

inflation dynamics and the output gap.

Figure 2 shows the impulse response functions to the same cost-push shock for different

degrees of left-digit bias, θ ∈ {0,0.5, 1}. The dynamics can be understood step by step by

tracing how the shock propagates through the system of equations.

The cost-push shock directly increases inflation in period 1 through the New Keynesian

Phillips curve (7). Given the Taylor rule (9), higher inflation leads the central bank to raise

the nominal interest rate. The higher nominal rate in turn reduces aggregate demand and

thus the output gap through the Euler equation (8). The negative output gap then feeds

back into the NKPC and dampens the inflationary pressure somewhat. In equilibrium, in-

flation jumps from 0 to 6.7 percent, surpassing the 5-percent threshold. The output gap
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declines by 9.6 percent, and the nominal interest rate rises by 9.6 percentage points. Be-

cause expectations are backward-looking, inflation expectations for the second period have

not yet adjusted when the shock hits. Hence, in period 1, the responses are identical across

all degrees of left-digit bias, θ .

In period 2, households receive information about actual inflation in period 1 and update

their perceived inflation accordingly. Since inflation has crossed the 5-percent threshold,

perceived inflation jumps to a value slightly above 5 percent for all θ . With weaker left-digit

bias (that is, lower θ), households pay more attention to the exact inflation rate and there-

fore revise their perceived inflation more strongly upward. However, because the threshold

crossing dominates perception, these differences are small in absolute terms. The higher

perceived inflation in period 1 raises expected inflation for period 3. Since households have

backward-looking expectations, this amplification occurs with a one-period delay: when

households form expectations in period 2, they take into account the higher perceived in-

flation from period 1. As a result, inflation expectations for period 3 rise above zero for all

θ . Higher inflation expectations in period 2 feed back into the NKPC (7), as firms antici-

pating higher future inflation set prices more aggressively. The same mechanism appears in

the Euler equation (8), where households, expecting higher future inflation, postpone con-

sumption, reducing the current output gap. Inflation thus increases again, and the output

gap becomes more negative in period 2.

Up to this point, the responses are qualitatively similar across degrees of left-digit bias.

The main differences emerge from period 3 onwards. In period 3, households observe in-

flation in period 2. If they are subject to left-digit bias, they disregard small changes as long

as inflation does not surpass another threshold, meaning perceived inflation stays at about

5 percent. Without left-digit bias (θ = 0), households pay full attention to the actual infla-

tion rate, which has increased further to about 8.5 percent. Hence, perceived inflation now

diverges strongly across degrees of bias. This difference carries forward to expectations.

When forming expectations in period 3, unbiased households expect a higher future infla-

tion rate for period 4, whereas biased households still expect roughly 5 percent inflation.

These differences in expectations directly feed back into inflation dynamics. Without left-
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digit bias, higher expected inflation raises current inflation through the NKPC and leads to

a stronger monetary tightening via the Taylor rule, which further depresses output through

the Euler equation. With left-digit bias, however, the muted increase in expected inflation

leads to a smaller rise in current inflation, a milder monetary policy response, and a less

pronounced output contraction in period 3 and onward. Because of backward-looking ex-

pectations, this feedback loop produces a delayed amplification. Even though the initial

shock is already decaying, inflation and the interest rate continue to rise, while the out-

put gap keeps declining. This mechanism generates the hump-shaped impulse response of

inflation and the nominal interest rate in the unbiased case (θ = 0).

As time passes, the cost-push shock itself fades out. In all cases, inflation, the output

gap, and the nominal interest rate gradually converge back toward their steady-state val-

ues. However, with left-digit bias, the adjustment path differs markedly. Since households

ignore small decreases in inflation as long as it remains above 5 percent, their perceived

inflation and expectations decline only very slowly. When actual inflation eventually falls

below the 5-percent threshold, there is no corresponding downward jump in perceived infla-

tion, because the updating rule in equation (2)—governed by χ = 0—prevents symmetric

adjustments. Consequently, inflation perceptions and expectations remain elevated even

as actual inflation declines. This slow downward adjustment implies that firms continue

to expect moderate inflation and keep prices somewhat elevated, while households main-

tain subdued consumption, leading to a prolonged negative output gap. Monetary policy

reacts to the still-high inflation expectations by keeping the nominal interest rate elevated

for longer.

In sum, left-digit bias alters the transmission of cost-push shocks in two ways. It dampens

the initial response of inflation because expectations do not fully adjust upward, but it

also increases persistence once a threshold is crossed because inflation perceptions and

expectations adjust downward only sluggishly when inflation declines. As a result, the

economy with left-digit-biased expectations exhibits weaker short-run inflation responses

but more persistent inflation, a more prolonged output contraction, and a longer period

of tight monetary policy. The case of intermediate bias (θ = 0.5) lies between these two
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extremes, as initial reactions are slightly dampened, and the return to steady state is slower

than without bias but faster than under full left-digit bias.

4.3 Discussion: de-anchoring and nonlinearities

As the impulse responses in Figure 2 show, when a shock is large enough for inflation to

exceed a salient threshold such as 5 percent, left-digit-biased expectations cause inflation

expectations to remain persistently elevated even after the shock itself has faded. After

three years and four months, the shock has largely vanished, yet inflation expectations with

left-digit bias remain just below 5 percent, while they have returned close to zero without

bias. This persistence arises because households update their inflation perceptions and

expectations asymmetrically. They react when inflation crosses a threshold from below, but

not when it falls below a threshold from above. The strength of this persistence depends on

the level-inattention parameter λ, and the exercise here serves to illustrate the mechanism

rather than to quantify it.

These persistently higher inflation expectations after a large shock can be interpreted

as a form of de-anchoring. In the model, inflation ultimately returns to its steady state

of zero percent, but the adjustment takes considerably longer with left-digit-biased expec-

tations, requiring monetary policy to keep interest rates higher for longer.12 Empirically,

several recent findings suggest that expectations did not become fully anchored during the

recent disinflation, with some measures still showing de-anchoring and elevated expecta-

tions among US consumers (Coibion and Gorodnichenko, 2025), European firms (Baumann

et al., 2025), and European consumers (D’Acunto et al., 2024). Our model provides a com-

plementary explanation for why inflation expectations can stay elevated after initial shocks

have dissipated. In short, the “last mile” is long, and policy must remain restrictive to bring

expectations back down.

Left-digit-biased inflation expectations introduce strong nonlinearities into the New Key-

nesian model that depend on the size of a shock and the state of the economy. Without left-

12The literature on de-anchoring, however, goes further by allowing agents to hold beliefs about future in-
flation that diverge from the central bank’s target under imperfect information (see Bocola et al., 2025;
Carvalho et al., 2023; Dupraz and Marx, 2023 for recent examples).
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digit bias, the model is linear by construction, because it was linearized around its steady

state when deriving equations (7) to (9), and responses scale proportionally with the size

of the shock. With left-digit-biased expectations, the responses depend on whether infla-

tion crosses a threshold, which creates implicit threshold values for the shock size. Small

increases in the shock size have small effects on inflation, the output gap, and the nominal

interest rate, but once the shock is large enough for inflation to cross a threshold, the cu-

mulative responses jump to distinctly higher levels, and monetary policy has to react more

aggressively and persistently (Figure D.1 in the Online Appendix). The same logic applies

when several medium-sized shocks, for example, a fiscal demand shock and an energy cost-

push shock, occur in close succession and jointly push inflation over a threshold.

Relatedly, equally sized shocks can have very different effects depending on the state

of the economy. When inflation expectations are low, a small shock has limited effects,

similar to the case without left-digit bias. When inflation and inflation expectations are

already elevated but just below a threshold, the same shock can push the economy across

that threshold and trigger a much stronger cumulative response. This state dependence

underscores the risk associated with elevated inflation expectations. Our model suggests

that still elevated inflation expectations in both the euro area and the United States increase

the likelihood that even small shocks, such as those from trade policy, could push inflation

over a threshold again, generating a disproportionately strong inflationary response.13 Our

model thus provides a formal framework for a concern raised in recent discussions (Coibion

and Gorodnichenko, 2025).

5 Conclusion

Households read inflation numbers with a left-digit bias. Using data from 29 European

countries between 2016 and 2024, our regression discontinuity design shows that mean

and median inflation expectations jump by 0.7 and 0.9 percentage points when inflation

crosses a multiple of five from below, while we find no robust response when inflation

13Different indicators of household inflation expectations exist across surveys, horizons, and summary statis-
tics. Mean one-year-ahead inflation expectations in both the United States and the euro area remain above
their pre-surge levels (Coibion and Gorodnichenko, 2025; European Central Bank, 2025).
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falls back below a threshold. More than half of the jump comes from households that

previously expected zero or negative inflation and now expect strictly positive inflation,

and the response is strongest among respondents with lower education and among men.

A preregistered experiment in Germany studies the mechanism at the individual level.

Participants forecast next year’s inflation after seeing a rate just below or just above 10

percent, while holding the supply of other information fixed. The treatment raises forecasts

among men, respondents with lower education, and the fastest respondents. Field data and

experiment thus locate left-digit bias in the same part of the population, which points to a

genuine number-processing bias rather than to changes in media coverage.

Embedded in a New Keynesian model, left-digit-biased expectations dampen the initial

response to a cost-push shock but keep inflation and expectations elevated for longer once

a threshold has been crossed, so the recession lasts longer and monetary policy must re-

main restrictive for an extended period. The model economy is also state dependent. A

small shock has modest effects when expectations are low but large effects when expecta-

tions are still elevated near a threshold, which offers one account of de-anchored inflation

expectations after the 2021-22 surge.

References

AGARWAL, S., CORREIA, S., MORAIS, B. and SONG, C. (2022). Stock market milestones and
mortgage demand: Evidence from US, Working Paper.

A’HEARN, B., BATEN, J. and CRAYEN, D. (2009). Quantifying quantitative literacy: Age heap-
ing and the history of human capital. The Journal of Economic History, 69 (3), 783–808.

ANDRADE, P., GAUTIER, E. and MENGUS, E. (2023). What matters in households’ inflation
expectations? Journal of Monetary Economics, 138, 50–68.

BAUMANN, U., FERRANDO, A., GEORGARAKOS, D., GORODNICHENKO, Y. and REINELT, T.
(2025). Do inflation expectations become more anchored during a disinflation episode?
Evidence for euro area firms. AEA Papers and Proceedings, 115, 266–270.

BINDER, C., FRANK, P. and RYNGAERT, J. M. (2025). The Causal Effect of News on Inflation
Expectations. NBER Working Paper 34088, National Bureau of Economic Research.

BINDER, C. C. (2017). Measuring uncertainty based on rounding: New method and appli-
cation to inflation expectations. Journal of Monetary Economics, 90, 1–12.

BOCOLA, L., DOVIS, A., JØRGENSEN, K. and KIRPALANI, R. (2025). Monetary Policy without
an Anchor. NBER Working Paper 34436, National Bureau of Economic Research.

37



BRACHA, A. and TANG, J. (2025). Inflation levels and (in)attention. The Review of Economic
Studies, 92 (3), 1564–1594.

CAMERON, A. C., GELBACH, J. B. and MILLER, D. L. (2008). Bootstrap-based improve-
ments for inference with clustered errors. The Review of Economics and Statistics, 90 (3),
414–427.

— and MILLER, D. L. (2015). A practitioners guide to cluster-robust inference. Journal of
Human Resources, 50 (2), 317–372.

CARVALHO, C., EUSEPI, S., MOENCH, E. and PRESTON, B. (2023). Anchored inflation expec-
tations. American Economic Journal: Macroeconomics, 15 (1), 1–47.

CATTANEO, M. D., TITIUNIK, R. and VAZQUEZ-BARE, G. (2020). Analysis of regression-
discontinuity designs with multiple cutoffs or multiple scores. The Stata Journal, 20 (4),
866–891.

CAVALLO, A., CRUCES, G. and PEREZ-TRUGLIA, R. (2017). Inflation expectations, learning,
and supermarket prices: Evidence from survey experiments. American Economic Journal:
Macroeconomics, 9 (3), 1–35.

CHAHROUR, R., SHAPIRO, A. and WILSON, D. (2025). News selection and household inflation
expectations. American Economic Review, forthcoming.

CHEN, J., GORNICKA, L. and ZDAREK, V. (2022). Biases in survey inflation expectations:
Evidence from the euro area, European Economy Discussion Papers.

COIBION, O., GEORGARAKOS, D., GORODNICHENKO, Y. and VAN ROOIJ, M. (2023). How does
consumption respond to news about inflation? Field evidence from a randomized control
trial. American Economic Journal: Macroeconomics, 15 (3), 109–152.

— and GORODNICHENKO, Y. (2025). Inflation, Expectations and Monetary Policy: What Have
We Learned and to What End? NBER Working Paper 33858, National Bureau of Economic
Research.

—, — and WEBER, M. (2022). Monetary policy communications and their effects on house-
hold inflation expectations. Journal of Political Economy, 130 (6), 1537–1584.

D’ACUNTO, F., CHARALAMBAKIS, E., GEORGARAKOS, D., KENNY, G., MEYER, J. and WEBER,
M. (2024). Household Inflation Expectations: An Overview of Recent Insights for Monetary
Policy. ECB Discussion Paper 24, European Central Bank.

—, HOANG, D., PALOVIITA, M. and WEBER, M. (2019). Cognitive abilities and inflation ex-
pectations. AEA Papers and Proceedings, 109, 562–566.

—, —, — and — (2022). IQ, expectations, and choice. The Review of Economic Studies,
90 (5), 2292–2325.

—, MALMENDIER, U., OSPINA, J. and WEBER, M. (2021a). Exposure to grocery prices and
inflation expectations. Journal of Political Economy, 129 (5), 1615–1639.

—, — and WEBER, M. (2021b). Gender roles produce divergent economic expectations.
Proceedings of the National Academy of Sciences, 118 (21), e2008534118.

38



DOMAHS, F., MOELLER, K., HUBER, S., WILLMES, K. and NUERK, H.-C. (2010). Embodied
numerosity: Implicit hand-based representations influence symbolic number processing
across cultures. Cognition, 116 (2), 251–266.

DRÄGER, L. (2015). Inflation perceptions and expectations in Sweden – Are media reports
the missing link? Oxford Bulletin of Economics and Statistics, 77 (5), 681–700.

DUPRAZ, S. and MARX, M. (2023). Anchoring Boundedly Rational Expectations. Working Pa-
per 936, Banque de France.

EUROPEAN CENTRAL BANK (2025). Consumer Expectations Survey (CES). https://www.
ecb.europa.eu/stats/ecb_surveys/consumer_exp_survey/, accessed on 2025-11-
27.

EUROPEAN COMMISSION (2023). The Joint Harmonised EU Programme of Business and Con-
sumer Surveys. User Guide January 2023, European Commission, Directorate-General for
Economic and Financial Affairs.

EUROSTAT (2018). Harmonised Index of Consumer Prices (HICP) Methodological Manual,
November 2018. Publications Office of the European Union, Luxembourg.

FUSTER, A. and ZAFAR, B. (2023). Survey experiments on economic expectations. In R. Bach-
mann, G. Topa and W. van der Klaauw (eds.), Handbook of Economic Expectations, Aca-
demic Press, pp. 107–130.

GABAIX, X. (2019). Behavioral inattention. In B. D. Bernheim, S. DellaVigna and D. Laibson
(eds.), Handbook of Behavioral Economics: Applications and Foundations 1, vol. 2, North-
Holland, pp. 261–343.

GALÍ, J. (2015). Monetary Policy, Inflation, and the Business Cycle: An Introduction to the
New Keynesian Framework and Its Applications. Princeton University Press, 2nd edn.

GARZ, M. (2018). Effects of unemployment news on economic perceptions Evidence from
German federal states. Regional Science and Urban Economics, 68, 172–190.

— and LARIN, B. (2025). Left-digit bias in household inflation expectations, AEA RCT Reg-
istry, August 4. https://doi.org/10.1257/rct.16243-1.1.

— and — (2026). Inflation in the news: Numerical precision, sensational framing, and
round-number effects, Working Paper.

— and MARTIN, G. J. (2021). Media influence on vote choices: Unemployment news and
incumbents’ electoral prospects. American Journal of Political Science, 65 (2), 278–293.

HAALAND, I., ROTH, C. and WOHLFART, J. (2023). Designing information provision experi-
ments. Journal of Economic Literature, 61 (1), 3–40.

HERAUD, F. and PAGE, L. (2024). Does the left-digit bias affect prices in financial markets?
Journal of Economic Behavior & Organization, 218, 20–29.

HOULE, T. T., TURNER, D. P., HOULE, T. A., SMITHERMAN, T. A., MARTIN, V., PENZIEN, D. B.
and LIPTON, R. B. (2013). Rounding behavior in the reporting of headache frequency
complicates headache chronification research. Headache: The Journal of Head and Face
Pain, 53 (6), 908–919.

39

https://www.ecb.europa.eu/stats/ecb_surveys/consumer_exp_survey/
https://www.ecb.europa.eu/stats/ecb_surveys/consumer_exp_survey/
https://doi.org/10.1257/rct.16243-1.1


HUBER, S. J., MININA, D. and SCHMIDT, T. (2023). The pass-through from inflation percep-
tions to inflation expectations, Deutsche Bundesbank Discussion Paper 12/2023.

KORENOK, O., MUNRO, D. and CHEN, J. (2026). Inflation and attention thresholds. The Re-
view of Economics and Statistics, 108 (3), 842–850.

LACETERA, N., POPE, D. G. and SYDNOR, J. R. (2012). Heuristic thinking and limited atten-
tion in the car market. American Economic Review, 102 (5), 2206–2236.

LIST, J. A., MUIR, I., POPE, D. and SUN, G. (2023). Left-digit bias at Lyft. The Review of
Economic Studies, 90 (6), 3186–3237.

PFÄUTI, O. (2026). The inflation attention threshold and inflation surges. American Economic
Review, conditionally accepted.

REPETTO, L. and SOLÍS, A. (2019). The price of inattention: Evidence from the Swedish
housing market. Journal of the European Economic Association, 18 (6), 3261–3304.

SALLE, I., GORODNICHENKO, Y. and COIBION, O. (2026). Lifetime memories of inflation:
Evidence from surveys and the lab. Journal of Political Economy Macroeconomics, forth-
coming.

SIMS, C. A. (2003). Implications of rational inattention. Journal of Monetary Economics,
50 (3), 665–690.

STRULOV-SHLAIN, A. (2023). More than a penny’s worth: Left-digit bias and firm pricing.
The Review of Economic Studies, 90 (5), 2612–2645.

THOMAS, M. and MORWITZ, V. (2005). Penny wise and pound foolish: The left-digit effect
in price cognition. Journal of Consumer Research, 32 (1), 54–64.

WEBER, M., CANDIA, B., AFROUZI, H., ROPELE, T., LLUBERAS, R., FRACHE, S., MEYER, B. H.,
KUMAR, S., GORODNICHENKO, Y., GEORGARAKOS, D., COIBION, O., KENNY, G. and PONCE,
J. (2025). Tell me something I don’t already know: Learning in low- and high-inflation
settings. Econometrica, 93 (1), 229–264.

—, D’ACUNTO, F., GORODNICHENKO, Y. and COIBION, O. (2022). The subjective inflation
expectations of households and firms: Measurement, determinants, and implications.
Journal of Economic Perspectives, 36 (3), 157–184.

40



Online Appendix for “Left-Digit Bias in

Household Inflation Expectations”

Marcel Garz*, Benjamin Larin†

August 15, 2026

*Jönköping International Business School, Jönköping University, and Media, Management and Transforma-
tion Centre (MMTC). Email: marcel.garz@ju.se.

†Jönköping International Business School, Jönköping University, and Centre for Entrepreneurship and Spa-
tial Economics (CEnSE). Email: benjamin.larin@ju.se.

1

mailto:marcel.garz@ju.se
mailto:benjamin.larin@ju.se


A Additional figures and tables

(a) Inflation rate (b) Inflation expectations

Notes: Panel (a): the solid line shows the monthly year-on-year HICP inflation rate, as first published, averaged
across the countries in our sample and weighted by countries’ population shares (left axis); the bars show the
number of increasing-inflation (dark gray) and decreasing-inflation (light gray) threshold events per month,
summed across the sample countries (right axis). Panel (b): the line shows the balance of household inflation
expectations for the next 12 months from the European Business and Consumer Surveys, defined in section 2.1 in
the main text, averaged across the same countries and weighted by countries’ population shares.

Figure A.1: Inflation and inflation expectations in Europe from January 2016 to December
2024
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Notes: The x-axis measures a country’s distance of inflation in period t − 1 from its next upper threshold from
period t − 2: πt−1 − 5

�πt−2
5

�

. This way, we pool all increasing-inflation threshold events at multiples of five
(5%, 10%, 15%, 20%, and 25%). By definition, values on the x-axis < 0 refer to situations without increasing-
inflation threshold events, whereas values ≥ 0 depict increasing-inflation threshold events. The labels “N = ...”
report the number of observations used to calculate each binned mean.

Figure A.2: Inflation expectations around increasing-inflation thresholds (over full range
of assignment variable)

(a) Spain (b) Lithuania
Notes: An increasing-inflation threshold event refers to a situation where a country’s inflation rate reaches or
exceeds a value of 5, 10, 15, 20, or 25%, compared to the previous month. A decreasing-inflation threshold event
refers to a situation where a country’s inflation rate falls below a value of 5, 10, 15, 20, or 25%, compared to the
previous month.

Figure A.3: Examples of round-number thresholds in the inflation rate
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Notes: The figure shows the kernel density of the coefficients obtained by re-estimating the baseline specification
1,000 times with increasing-inflation placebo thresholds. The dependent variable is qualitative inflation expec-
tations. In each iteration, we randomly draw one non-integer threshold, measured to one decimal place, from
each of the intervals 0.14.5, 5.59.5, 10.514.5, 15.519.5, and 20.524.5 percent. The resulting placebo indica-
tor equals one when inflation crosses one of these five thresholds from below and replaces the multiples-of-five
treatment indicator; all other elements of the baseline specification remain unchanged. The “true” effect is the
multiples-of-five estimate reported in Column (1) of Table 1, while “Min” and “Max” denote the smallest and
largest estimates obtained in the placebo exercise.

Figure A.4: Regression results with placebo thresholds

Notes: The graph shows regression coefficients from estimating equation (1) with separate dummy variables for
the increasing-inflation threshold values shown on the x-axis. The y-axis measures the reduced-form effect of
the threshold events on qualitative inflation expectations (i.e., the balance of inflation expectations defined in
section 2.2 of the main text). The vertical bars denote the 90% confidence interval based on standard errors
clustered by country.

Figure A.5: Individual inflation thresholds and inflation expectations
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(1) (2) (3) (4) (5)
Population

size
GDP

Interest
rate

Unemployment
rate

Balance of
payments

Increasing-infl. threshold -4.83 -0.54 0.02 -0.22 -462.49
(3.17) (1.36) (0.09) (0.17) (547.29)

Decreasing-infl. threshold 1.86 -1.24 -0.03 0.17 -1699.42
(1.71) (1.36) (0.09) (0.15) (1268.69)

Country fixed effects no yes yes yes yes
Observations 3085 3079 2807 2859 2450

Notes: Population size is based on yearly observations and refers to the number of inhabitants (in million) of
a country on 1 January. GDP is based on quarterly observations and refers to chain linked volumes. Interest
rate is based on monthly observations and refers to long-term government bonds yield. Unemployment rate is
based on monthly observations. Balance of payments (current account) is based on monthly observations and
measured in million euro. All specifications include time fixed effects, a 3rd order polynomial of the change in
inflation rate, and inflation rate bin dummies with a bandwidth of 0.1. A threshold event refers to a situation
where a country’s inflation rate crosses a value of 5, 10, 15, 20, or 25%. The regressions are weighted by
countries’ population share in the sample. Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.1: Balance checks

Share of households expecting prices to...
(1) (2) (3) (4) (5)

...increase
more

rapidly

...increase
at same

rate

...increase
at slower

rate

...stay
about
same

...fall

Increasing-infl. threshold 0.934 1.869∗∗ 1.144 -3.504∗∗∗ -0.446∗∗

(1.771) (0.782) (1.273) (0.850) (0.175)
Decreasing-infl. threshold 1.332 -0.805 -2.022 1.828 -0.329

(1.472) (0.890) (1.290) (1.099) (0.354)
Mean of dependent variable 17.783 36.953 17.310 25.634 2.319
SD of dependent variable 9.965 11.460 9.169 14.578 2.302
Observations 2647 2647 2647 2647 2647

All specifications include time and country fixed effects, a 3rd order polynomial of the change in inflation
rate, and inflation rate bin dummies with a bandwidth of 0.1. The regressions are weighted by countries’
population share in the sample. A threshold event refers to a situation where a country’s inflation rate crosses
a value of 5, 10, 15, 20, or 25%. Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.2: Inflation threshold events and qualitative inflation expectations (decomposed
by answer options)
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Mean inflation expectations of households expecting prices to...
(1) (2) (3) (4)

...increase
more

rapidly

...increase
at the same

rate

...increase
at a slower

rate
...fall

Increasing-infl. threshold 0.429∗ 0.159 -0.273 0.057
(0.216) (0.200) (0.182) (0.223)

Decreasing-infl. threshold -0.278 -0.278 -0.139 -0.397∗∗

(0.278) (0.213) (0.224) (0.174)
Mean of dependent variable 12.243 9.787 6.951 -3.213
SD of dependent variable 5.028 4.171 2.856 1.008
Observations 2646 2646 2646 2460

All specifications include time and country fixed effects, a 3rd order polynomial of the change in inflation
rate, and inflation rate bin dummies with a bandwidth of 0.1. The regressions are weighted by countries’
population share in the sample. A threshold event refers to a situation where a country’s inflation rate crosses
a value of 5, 10, 15, 20, or 25%. Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.3: Inflation threshold events and quantitative inflation expectations (decomposed
by answer options)

(1) (2) (3) (4)
Mean

estimate
(male

respondents)

Mean
estimate
(female

respondents)

Median
estimate

(male
respondents)

Median
estimate
(female

respondents)
Increasing-infl. threshold 0.737∗∗∗ 0.737∗∗∗ 1.112∗∗ 0.762∗

(0.205) (0.230) (0.467) (0.406)
Decreasing-infl. threshold -0.208 -0.478 -0.149 -0.672

(0.283) (0.306) (0.430) (0.453)
H0: symmetric effects (p-value) 0.110 0.443 0.069 0.877
Mean of dependent variable 5.990 6.628 4.156 4.448
SD of dependent variable 3.515 3.690 3.993 4.524
Observations 2638 2637 2638 2637

Notes: The mean and median expectations are calculated separately for male and female respondents based
on households’ point estimates of future inflation. Respondents who did not report their gender are excluded.
All specifications include time and country fixed effects, a 3rd order polynomial of the change in inflation
rate, and inflation rate bin dummies with a bandwidth of 0.1. The regressions are weighted by countries’
population share in the sample. A threshold event refers to a situation where a country’s inflation rate crosses
a value of 5, 10, 15, 20, or 25%. Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.4: Inflation threshold events and inflation expectations, by gender
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(1) (2) (3) (4) (5) (6)
Mean

estimate
(primary

education)

Mean
estimate

(secondary
education)

Mean
estimate
(further

education)

Median
estimate
(primary

education)

Median
estimate

(secondary
education)

Median
estimate
(further

education)
Increasing-infl. threshold 1.279∗∗∗ 0.624∗∗ 0.488∗∗ 1.565∗∗∗ 1.366∗∗ 0.649∗

(0.314) (0.234) (0.223) (0.517) (0.533) (0.359)
Decreasing-infl. threshold -0.723∗∗ -0.246 -0.191 -1.130∗∗ -0.052 -0.352

(0.286) (0.326) (0.257) (0.449) (0.504) (0.322)
H0: symmetric effects (p-value) 0.156 0.309 0.300 0.482 0.056 0.381
Mean of dependent variable 6.291 6.619 5.949 4.060 4.534 4.154
SD of dependent variable 3.622 3.664 3.568 4.387 4.400 4.080
Observations 2647 2646 2646 2647 2646 2646

Notes: The mean and median expectations are calculated separately for education groups based on households’ point estimates of future inflation. Respondents who did
not report their education are excluded. All specifications include time and country fixed effects, a 3rd order polynomial of the change in inflation rate, and inflation rate
bin dummies with a bandwidth of 0.1. The regressions are weighted by countries’ population share in the sample. A threshold event refers to a situation where a country’s
inflation rate crosses a value of 5, 10, 15, 20, or 25%. Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.5: Inflation threshold events and inflation expectations, by education
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(1) (2) (3)
Qualitative

expectations
Mean

estimate
Median
estimate

Increasing-infl. threshold 0.798 -0.064 -0.056
(0.915) (0.132) (0.270)

Decreasing-infl. threshold -0.046 0.046 0.282∗

(0.903) (0.060) (0.164)
H0: symmetric effects (p-value) 0.500 0.888 0.348
Mean of dependent variable 20.831 6.302 4.816
SD of dependent variable 17.479 3.606 5.173
Observations 3085 2647 2647

Notes: Qualitative expectations refer to weighted difference between households that expect higher future
inflation and those that expect zero or negative inflation. The mean and median expectations are based on
households’ point estimates of the future inflation rate. All specifications include time and country fixed effects,
a 3rd order polynomial of the change in inflation rate, and inflation rate bin dummies with a bandwidth of
0.1. The regressions are weighted by countries’ population share in the sample. A threshold event refers to a
situation where a country’s inflation rate crosses any integer between 1 and 29 other than multiples of five.
Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.6: Inflation threshold events and inflation expectations (integers as thresholds)
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(1) (2) (3) (4) (5) (6)
Qualitative

expectations
Mean

estimate
Median
estimate

Qualitative
expectations

Mean
estimate

Median
estimate

Increasing-infl. threshold 3.455∗ 0.557∗∗∗ 0.825 3.364∗∗ 0.599∗∗∗ 0.530
(1.764) (0.184) (0.516) (1.593) (0.167) (0.363)

Decreasing-infl. threshold -0.436 -0.443 -0.106 -1.618 -0.471 -0.149
(1.690) (0.263) (0.558) (2.075) (0.280) (0.525)

H0: symmetric effects (p-value) 0.253 0.682 0.276 0.486 0.602 0.428
Bandwidth of inflation
rate bin dummies

0.2 0.2 0.2 0.5 0.5 0.5

Mean of dependent variable 20.830 6.315 4.840 20.868 6.340 4.881
SD of dependent variable 17.497 3.622 5.207 17.507 3.653 5.271
Observations 3085 2647 2647 3085 2647 2647

Notes: Qualitative expectations refer to weighted difference between households that expect higher future inflation and those that expect zero or negative inflation. The
mean and median expectations are based on households’ point estimates of the future inflation rate. All specifications include time and country fixed effects and a 3rd
order polynomial of the change in inflation rate. The regressions are weighted by countries’ population share in the sample. A threshold event refers to a situation where a
country’s inflation rate crosses a value of 5, 10, 15, 20, or 25%. Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.7: Inflation threshold events and inflation expectations (alternative bandwidths for inflation rate bin dummies)
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(1) (2) (3) (4) (5) (6)
Qualitative

expectations
Mean

estimate
Median
estimate

Qualitative
expectations

Mean
estimate

Median
estimate

Increasing-infl. threshold 3.957∗∗ 0.675∗∗∗ 0.899∗ 4.189∗∗ 0.711∗∗∗ 0.981∗

(1.925) (0.200) (0.484) (1.928) (0.199) (0.492)
Decreasing-infl. threshold 0.984 -0.268 0.010 1.128 -0.291 -0.047

(2.070) (0.275) (0.563) (2.108) (0.276) (0.538)
H0: symmetric effects (p-value) 0.121 0.190 0.162 0.098 0.183 0.151
Change of inflation rate,
order of polynomial

2 2 2 4 4 4

Mean of dependent variable 20.831 6.302 4.816 20.831 6.302 4.816
SD of dependent variable 17.479 3.606 5.173 17.479 3.606 5.173
Observations 3085 2647 2647 3085 2647 2647

Notes: Qualitative expectations refer to weighted difference between households that expect higher future inflation and those that expect zero or negative inflation. The
mean and median expectations are based on households’ point estimates of the future inflation rate. All specifications include time and country fixed effects and inflation
rate bin dummies with a bandwidth of 0.1. The regressions are weighted by countries’ population share in the sample. A threshold event refers to a situation where a
country’s inflation rate crosses a value of 5, 10, 15, 20, or 25%. Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.8: Inflation threshold events and inflation expectations (alternative polynomial orders for inflation rate change)
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(1) (2) (3)
Qualitative

expectations
Mean

estimate
Median
estimate

Increasing-infl. threshold 4.224∗∗ 0.824∗∗∗ 1.135∗∗

(1.622) (0.210) (0.441)
Decreasing-infl. threshold -0.360 -0.320 0.101

(1.809) (0.305) (0.364)
H0: symmetric effects (p-value) 0.093 0.153 0.047
Mean of dependent variable 20.835 6.285 4.286
SD of dependent variable 17.457 3.600 4.221
Observations 3085 2647 2647

Notes: Qualitative expectations refer to weighted difference between households that expect higher future
inflation and those that expect zero or negative inflation. The mean and median expectations are based
on households’ point estimates of the future inflation rate. All specifications include time and country fixed
effects and bin dummies of bandwidth 0.1 for the inflation rate and inflation rate change. The regressions
are weighted by countries’ population share in the sample. A threshold event refers to a situation where a
country’s inflation rate crosses a value of 5, 10, 15, 20, or 25%. Standard errors (in parentheses) are clustered
by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.9: Inflation threshold events and inflation expectations (bin dummies for inflation
rate change)
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(1) (2) (3)
Qualitative

expectations
Mean

estimate
Median
estimate

Increasing-infl. threshold 3.717 0.849∗∗∗ 1.175∗∗

(2.306) (0.275) (0.459)
Decreasing-infl. threshold 0.015 -0.372 -0.172

(1.524) (0.311) (0.383)
H0: symmetric effects (p-value) 0.229 0.232 0.038
Inflation rate bin dummies
(bandwidth = 0.1) × absolute
change in the inflation rate

yes yes yes

Mean of dependent variable 20.831 6.302 4.301
SD of dependent variable 17.479 3.606 4.230
Observations 3085 2647 2647

Notes: Qualitative expectations refer to weighted difference between households that expect higher future
inflation and those that expect zero or negative inflation. The mean and median expectations are based
on households’ point estimates of the future inflation rate. All specifications include time and country fixed
effects. The regressions are weighted by countries’ population share in the sample. A threshold event refers
to a situation where a country’s inflation rate crosses a value of 5, 10, 15, 20, or 25%. Standard errors (in
parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.10: Inflation threshold events and inflation expectations (interactive specification)

(1) (2) (3)
Qualitative

expectations
Mean

estimate
Median
estimate

Increasing-infl. threshold 0.813 0.650∗∗∗ 0.592∗

(1.913) (0.224) (0.313)
Decreasing-infl. threshold -1.295 -0.320 -0.197

(2.288) (0.255) (0.410)
H0: symmetric effects (p-value) 0.868 0.297 0.469
Mean of dependent variable 20.978 6.304 4.297
SD of dependent variable 17.368 3.568 4.175
Observations 2933 2517 2517

Notes: Qualitative expectations refer to weighted difference between households that expect higher future
inflation and those that expect zero or negative inflation. The mean and median expectations are based on
households’ point estimates of the future inflation rate. All specifications include time and country fixed effects,
a 3rd order polynomial of the change in inflation rate, and inflation rate bin dummies with a bandwidth of
0.1. The regressions are weighted by countries’ population share in the sample. A threshold event refers to
a situation where a country’s inflation rate crosses a value of 5, 10, 15, 20, or 25%. Standard errors (in
parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.11: Inflation threshold events and inflation expectations (CPI-based regressions)
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(1) (2) (3)
Qualitative

expectations
Mean

estimate
Median
estimate

Increasing-infl. threshold 4.191 0.710 0.934
[0.079] [0.002] [0.036]

Decreasing-infl. threshold 0.886 -0.283 0.081
[0.653] [0.313] [0.976]

H0: symmetric effects (p-value) [0.190] [0.216] [0.141]
Mean of dependent variable 20.831 6.302 4.301
SD of dependent variable 17.479 3.606 4.230
Observations 3085 2647 2647

Notes: Qualitative expectations refer to weighted difference between households that expect higher future
inflation and those that expect zero or negative inflation. The mean and median expectations are based on
households’ point estimates of the future inflation rate. All specifications include time and country fixed effects,
a 3rd order polynomial of the change in inflation rate, and inflation rate bin dummies with a bandwidth of
0.1. The regressions are weighted by countries’ population share in the sample. A threshold event refers to a
situation where a country’s inflation rate crosses a value of 5, 10, 15, 20, or 25%. P-values are in brackets.

Table A.12: Inflation threshold events and inflation expectations (p-values based on wild
cluster bootstrap)

Share of households thinking prices have...
(1) (2) (3) (4) (5) (6)

Balance
of

perceptions

...risen
a lot

...risen
moderately

...risen
slightly

...stayed
about
same

...fallen

Increasing-infl. threshold 2.958∗ 0.756 1.442 0.480 -2.653∗∗ -0.030
(1.642) (1.730) (1.590) (1.030) (0.957) (0.135)

Decreasing-infl. threshold -4.313∗∗∗ -1.808 -2.646∗ 1.582∗∗ 2.654∗∗∗ 0.217∗

(1.435) (1.182) (1.403) (0.690) (0.883) (0.122)
Mean of dependent variable 31.802 28.311 27.302 25.990 17.178 1.218
SD of dependent variable 29.501 22.690 8.527 13.338 13.903 1.513
Observations 3085 2647 2647 2647 2647 2647

All specifications include time and country fixed effects, a 3rd order polynomial of the change in inflation
rate, and inflation rate bin dummies with a bandwidth of 0.1. The regressions are weighted by countries’
population share in the sample. A threshold event refers to a situation where a country’s inflation rate crosses
a value of 5, 10, 15, 20, or 25%. Standard errors (in parentheses) are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.13: Inflation threshold events and inflation perceptions
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(1) (2) (3)
Qualitative

expectations
Mean

estimate
Median
estimate

Increasing-infl. threshold 14.618∗∗∗ 1.042∗∗∗ 2.185∗∗∗

(0.509) (0.176) (0.130)
Original number of obs. left of the cutoff 2696 2355 2355
Original number of obs. right of the cutoff 85 76 76
Local number of obs. left of the cutoff 39 50 50
Local number of obs. right of the cutoff 34 29 29
Regression function: order of polynomial 1 1 1
Regression function: bandwidth 0.350 0.460 0.390
Bias function: order of polynomial 2 2 2
Bias function: bandwidth 1.538 1.340 1.425

Notes: The table shows regression discontinuity estimates based on mean squared error-optimal bandwidth
selection, using the estimation implementation provided by Calonico et al. (2017). The assignment variable is
defined as: πt−1 − 5

�πt−2
5

�

. We exclude observations with πt−2 < 0, because zero would otherwise be treated
as the next upper multiple-of-five threshold, even though it is not included in the analysis. All specifications
include time fixed effects, country fixed effects, and a binary decreasing-inflation threshold event indicator.
The regressions are weighted by countries’ population share in the sample. Standard errors (in parentheses)
are clustered by country.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table A.14: Inflation threshold events and inflation expectations (regression discontinuity
estimates)

B Decomposition of inflation expectations into extensive and

intensive margins

This section derives the decomposition used in section 2.4 and describes how we measure

each term. With a slight abuse of notation, let π̄e
t denote the mean over households’ inflation

expectations. This mean can be decomposed into a sum of within-group mean inflation

expectations weighted by group sizes:

π̄e
t =

J
∑

j=1

ω j × π̄e
t, j,

where ω j is the representative share of respondents in group j, such that
∑J

j=1ω j = 1, and

π̄e
t, j is the mean inflation expectation of group j for a total of J groups. We consider J = 5

groups, corresponding to the five possible responses to the qualitative question on inflation

expectations: “increase more rapidly,” “increase at the same rate,” “increase at a slower
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rate,” “stay about the same,” and “fall.” 1 A change in average expected inflation can be

decomposed into changes along the intensive and extensive margins as follows:

∆π̄e
t
︸︷︷︸

total change

=
J
∑

j=1

∆ω j × π̄e
t, j

︸ ︷︷ ︸

extensive margin

+
J
∑

j=1

ω j ×∆π̄e
t, j

︸ ︷︷ ︸

intensive margin

+
J
∑

j=1

∆ω j ×∆π̄e
t, j

︸ ︷︷ ︸

interaction term

(B.1)

where ∆π̄e
t, j is the change in the mean inflation expectation of group j, and ∆ω j is the

change in the share of respondents in group j in response to a threshold event. The first term

on the right-hand side of equation (B.1) captures changes in inflation along the extensive

margin, the second term captures the intensive margin, and the third term is the interaction

term.

While we can accurately estimate how an inflation threshold event changes the share of

households that belong to certain inflation expectations groups, ∆ω j, we can only provide

an imprecise estimate of how the within-group average inflation expectation responds to

an inflation threshold event, ∆π̄e
t, j. Our treatment, current inflation surpassing a round-

number threshold, also affects individuals’ group assignments. Ideally, we would like to

observe respondents’ qualitative inflation expectations in the period before the treatment,

while keeping the assignment of respondents to groups constant at the time of the treat-

ment. This pre-treatment assignment is impossible since the European Business and Con-

sumer Survey is a repeated cross-section. Therefore, we estimate the total change in av-

erage inflation expectations, the contribution from the extensive margin, and we calculate

the sum of the intensive margin and the interaction term residually from equation (B.1).

To calculate how the extensive margin affects average inflation expectations, we multiply

the change in the share of respondents in each group, estimated in Table A.2, by the average

within-group inflation expectations, assigning a zero expectation to the group expecting

prices to stay about the same. The sum of these values yields the extensive margin defined

in equation (B.1) and equals 39 basis points. With a total change in average expected

inflation of 71 basis points (Table 1, Column (2)), the residual sum of the intensive margin

1We ignore the share of respondents who answered the qualitative question with “do not know” because they
cannot be used to calculate the mean expectation. On average, across countries and months, 6 percent of
respondents answered “do not know,” with a standard deviation of 0.24.
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and the interaction term equals 32 basis points.

C Survey experiment

C.1 Detailed survey instructions

This appendix section shows the wording of the survey translated from German.

Introduction

Welcome! This scientific survey examines the influence of information about the inflation rate on inflation expectations. It takes
approximately 3 minutes to fill out. During the survey, you will receive data on consumer prices in Germany. On this basis, you
will be asked to make forecasts on future price developments.

The study comprises three forecasting rounds. In each round, you will receive data on consumer prices in previous years. On this
basis, we ask you to forecast the future development of consumer prices.

However, we would like to start by asking you about your education. Please select the option that most closely matches your
highest level of education.

• Without a degree or still in training

• Main or secondary school diploma

• (Fach-)Abitur

• University degree (e.g. diploma, bachelor, master)

• Doctorate or Habilitation

Inflation perceptions

We would also like to ask you for an assessment of the development of current consumer prices in Germany. How do you think
that consumer prices have developed over the last 12 months? They have

• risen a lot

• risen moderately

• risen slightly

• stayed about the same

• fallen

Start of Block: Initiation increase
By how many per cent do you think that consumer prices have gone up over the past 12 months? . %

Start of Block: Initiation decrease
By how many per cent do you think that consumer prices have gone down over the past 12 months? . %
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Round 1

Thank you for your assessment of the current situation. We are now looking back on the years 2017 to 2020, where the percentage
change in consumer prices in Germany—in September each year—was between -0.4 and 2.2%.
2017: 1.8%
2018: 2.2%
2019: 0.9%
2020: -0.4%
On the next page, you will be asked to provide a forecast for 2021 based on this information.

Assuming it is 2020, how do you think consumer prices will develop in 2021 compared to the previous year? They will...

• increase more rapidly

• increase at the same rate

• increase at a slower rate

• stay about the same

• fall

Start of Block: Round 1 increase
By how many per cent do you expect consumer prices to go up in 2021? . %

Start of Block: Round 1 decrease
By how many per cent do you expect consumer prices to go down in 2021? . %

The actual development shows a 4.1% increase in consumer prices in 2021. You forecasted an increase / decrease of . %. On
the next page, you will be asked to provide a forecast for 2022 based on the new information.

Round 2

Assuming it is 2021, how do you think consumer prices will develop in 2022 compared to the previous year? They will...

• increase more rapidly

• increase at the same rate

• increase at a slower rate

• stay about the same

• fall

Start of Block: Round 2 increase
By how many per cent do you expect consumer prices to go up in 2022? . %

Start of Block: Round 2 decrease
By how many per cent do you expect consumer prices to go down in 2022? . %

Control

The actual development shows a 9.9% increase in consumer prices in 2022. You forecasted an increase / decrease of . %. On
the next page, you will be asked to provide a forecast for 2023 based on the new information.

Treatment 1

The actual development shows a 10.1% increase in consumer prices in 2022. You forecasted an increase / decrease of . %.
On the next page, you will be asked to provide a forecast for 2023 based on the new information.
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Treatment 2

The actual development shows a 10.1% increase in consumer prices in 2022—at that time the highest price increase in over 30
years! You forecasted an increase / decrease of . %. On the next page, you will be asked to provide a forecast for 2023 based
on the new information.

Assuming it is 2022, how do you think consumer prices will develop in 2023 compared to the previous year? They will...

• increase more rapidly

• increase at the same rate

• increase at a slower rate

• stay about the same

• fall

Start of Block: Round 3 increase
By how many per cent do you expect consumer prices to go up in 2023? . %

Start of Block: Round 3 decrease
By how many per cent do you expect consumer prices to go down in 2023? . %

End

The actual development shows a 4.3% increase in consumer prices in 2023. You forecasted an increase / decrease of . %.

The study is finished. Thank you very much! The current inflation rate is 2.0% (July 2025). Further information is available on
the website of the Federal Statistical Office. Unlike in this survey, it can be helpful to use other information besides the current
inflation rate to predict the future inflation rate. Forecasts of the inflation rate are also always subject to uncertainty.
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C.2 Additional tables

Control Treatment p-value
Male (yes/no) 0.54 0.54 0.949
Age (years) 30.96 31.27 0.599
Lower secondary education or less (yes/no) 0.12 0.07 0.014
Upper secondary education (yes/no) 0.32 0.31 0.757
University degree or higher (yes/no) 0.57 0.62 0.082
German nationality (yes/no) 0.80 0.82 0.409
Inflation perception gap (percentage points) -7.76 -8.53 0.382
Round-2 forecast error (percentage points) 5.51 5.52 0.965
Survey completion time (seconds) 148.97 142.05 0.100
N 480 484

Notes: The p-values refer to t-tests on mean differences between groups.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table C.1: Randomization balance
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(1) (2) (3)
With second

treatment arm
Non-truncated

forecast
Qualitative

expectations
Treatment 1: increasing-infl. threshold 0.394 0.366 -0.068

(0.289) (0.318) (0.068)
Treatment 2: increasing-infl. threshold + historical record -0.553∗∗

(0.281)
Hour and date fixed effects Yes Yes Yes
Demographic controls Yes Yes Yes
Mean of dependent variable 7.209 7.452 3.887
SD of dependent variable 4.673 5.100 1.065
Observations 1426 965 965

Notes: OLS estimates. All models control for the inflation forecast in the second round. In second treatment arm, participants saw an inflation rate of 10.1 percent and were
additionally told that this was the highest value in 30 years. The demographic controls are legal sex, age, education, and German nationality. Heteroskedasticity-robust
standard errors are in parentheses.
∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01

Table C.2: Results from the survey experiment (robustness)
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(a) Sex (b) Age

(c) Education (d) Nationality

Notes: The figure reports estimated treatment effects by subgroups. Estimates are based on the specification
reported in Column (3) of Table 3, with the treatment indicator interacted with the category indicators for the re-
spective moderator. The capped vertical lines indicate 90-percent confidence intervals based on heteroskedasticity-
robust standard errors.

Figure C.1: Treatment effects by demographic characteristics
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(a) Perception gap (pp.) (b) Forecast error (pp.)

(c) Survey completion time (quartiles)

Notes: The figure reports estimated treatment effects by subgroups. Estimates are based on the specification
reported in Column (3) of Table 3, with the treatment indicator interacted with the category indicators for the re-
spective moderator. The capped vertical lines indicate 90-percent confidence intervals based on heteroskedasticity-
robust standard errors. Categories were constructed to balance group sizes while preserving theoretically mean-
ingful boundaries. The perception gap is defined as the inflation rate at the time of the survey, 2.1 percent, minus
the participant’s pre-treatment quantitative assessment of current inflation; positive values therefore indicate un-
derestimation and negative values overestimation. Its categories are approximately equal in size but include a
separate group for participants whose perceptions were approximately accurate, defined by a gap between -1 and
1 percentage points. The round-2 forecast error is defined as 9.9 percent, the value displayed to the control group,
minus the participant’s forecast for September 2022; positive values indicate underestimation and negative val-
ues overestimation. The categories preserve the theoretically meaningful distinction between overestimation and
underestimation and use narrower intervals where observations are concentrated.

Figure C.2: Treatment effects by survey-response characteristics
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D Model derivation

D.1 Aggregation of left-digit-biased beliefs across households

The perception and expectation block of section 4 is written for a representative house-

hold. Our empirical decomposition points instead to two groups, one attentive at all times

and one attentive only around thresholds. The two descriptions coincide at the aggregate

level, exactly rather than to first order.

Let household i perceive inflation according to equation (2), with an individual bias

parameter θi ∈ [0,1] and common (λ,χ):

π
p
i,t = π

p
i,t−1 + dt + (1− θi) [∆πt − dt] + (1−λ)

�

πt−1 −π
p
i,t−1

�

,

where dt ≡ d(πt ,πt−1) is defined in equation (3). Collecting terms gives

π
p
i,t = λπ

p
i,t−1 + θi (dt −∆πt) +∆πt + (1−λ)πt−1. (D.1)

The lagged perception carries the common coefficient λ, and θi multiplies dt −∆πt , an

aggregate object, since the discontinuous-update term depends only on current and lagged

inflation and never on an individual state. Households differ in how strongly they load on

a common nonlinearity, not in the nonlinearity they face.

Lemma D.1 (Exact aggregation of perceptions and expectations). Let π̄p
t ≡ Ei

�

π
p
i,t

�

and

θ̄ ≡ Ei (θi), where Ei averages over a population with finite first moments. If (λ,χ,ρ,π∗) are

common across households, then

π̄p
t = λπ̄

p
t−1 + θ̄ dt + (1− θ̄ )∆πt + (1−λ)πt−1,

and mean inflation expectations satisfy

Ei

�

Eb
i,t (πt+1)
�

= ρ2π̄
p
t−1 + (1−ρ

2)π∗. (D.2)

The mean perception thus obeys equation (2) evaluated at θ = θ̄ , and mean expectations obey
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equation (6), for any joint distribution of (θi,π
p
i,0).

Proof. Apply Ei to equation (D.1). The terms ∆πt , dt , and πt−1 are common and pass

through unchanged, and linearity gives Ei(λπ
p
i,t−1) = λπ̄

p
t−1 and Ei [θi(dt −∆πt)] = θ̄ (dt−

∆πt). No covariance term survives, because θi never multiplies an individual state and

π
p
i,t−1 enters with a coefficient common across households. Equation (D.2) follows because

equation (6) is linear in πp
i,t−1 with common (ρ,π∗).

With two types, θi ∈ {0,1}, each household is either fully attentive (θi = 0) or attends

only to the leading digit (θi = 1), and θ̄ = Pr(θi = 1) is the population share of households

that attend only to the leading digit. The parameter θ in section 4 therefore admits two

readings, individual inattention or the share of inattentive households, and the aggregate

dynamics cannot distinguish them. Studying mean expectations requires nothing about

the distribution of attention beyond its mean. This is the sense in which the household

is representative: not that all households are alike, but that aggregate dynamics can be

studied without tracking who is attentive. Lemma D.1 covers the mean, and nonlinear

functionals of the cross-section such as the median do not aggregate in this way. Branch

and McGough (2009) treat aggregation of heterogeneous expectations in New Keynesian

models more generally.

D.2 New Keynesian model with left-digit-biased inflation expectations

We use a standard New Keynesian model (see, e.g., Galí, 2015). Instead of assuming full

rational expectations, we assume households have left-digit-biased inflation expectations

to align with our results. We further abstract from long-run growth and consider only

one exogenous shock, a cost-push shock, to illustrate the implications of left-digit-biased

inflation expectations. The model environment is described next, with derivations identical

to those in Galí (2015, ch. 3) omitted for brevity.
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D.2.1 Households

A representative infinitely-lived household seeks to maximize intertemporal utility

Eb
t

∞
∑

t=0

β t

�

C1−σ
t

1−σ
−

N 1+ϕ
t

1+ϕ

�

, (D.3)

where C is a consumption index, N denotes hours worked, β ∈ (0,1) is the discount factor,

and σ ≥ 0 and ϕ ≥ 0 determine the intertemporal elasticity of substitution and the Frisch

elasticity of labor supply, respectively. The expectation operator Eb
t denotes behavioral ex-

pectations, which do not need to coincide with rational expectations. The consumption

index is given by

Ct =

�

∫ 1

0

Ct(i)
1− 1

εt di

�

εt
εt−1

,

where εt > 1 is the elasticity of substitution between goods and Ct(i) denotes the consump-

tion of variety i. The elasticity of substitution can exogenously vary over time to generate

fluctuations in mark-ups and hence cost-push shocks. The period budget constraint reads

∫ 1

0

Pt(i)Ct(i)di +Q t Bt ≤Wt Nt + Bt−1 + Dt , (D.4)

where Pt(i) is the price of good i, Q t is the nominal price of a risk-free bond, Bt is the stock

of nominal bonds, Wt is the nominal wage, and Dt is dividends.

Household inflation expectations are explained in detail in section 4: A household per-

ceives inflation, πp
t , with a left-digit bias as specified in equations (2) and (3), believes that

inflation follows an AR(1) process, equation (5), with steady-state inflation π∗ = 0 and

hence forms inflation expectations based on past-periods perceived inflation, equation (6).

The household chooses consumption/savings and labor supply to maximize intertempo-

ral utility (D.3) subject to the budget constraint (D.4) and an optimal allocation of con-

sumption expenditures among different goods. The resulting first-order conditions are

Ct(i) =
�

Pt(i)
Pt

�−εt

Ct
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Pt ≡

�

∫ 1

0

Pt(i)
1−εt di

�
1

1−εt

Pt Ct +Q t Bt ≤Wt Nt + Bt−1 + Dt

Cσt Nϕt =
Wt

Pt

Q t = βEb
t

�

Cσt
Cσt+1

Pt

Pt+1

�

(D.5)

The first equation is the demand for good i, the second defines the ideal price index, the

third is the re-written budget constraint, the fourth is the labor supply equation, and the

last is the Euler equation.

D.2.2 Firms

Risk-neutral firms indexed by i ∈ [0,1] produce a differentiated good Yt(i) according to

Yt(i) = Nt(i),

where Nt(i) is labor demand. Marginal costs are then equal to the real wage mct =Wt/Pt .

Each firm has two managers, one setting prices and one making forecasts (see, e.g., Pfäuti,

2026). We assume that the forecasters form expectations as households do. When setting

prices, firms face quadratic price-adjustment cost (Rotemberg, 1982) such that per-period

real profits are given by

Pt(i)
Pt

Yt(i)−mct Nt(i)−
δ

2

�

Pt(i)
Pt−1(i)

− 1
�2

Ct − Tt ,

where δ > 0 and Tt is a lump-sum tax. Using the production function and the demand for

good i with Yt(i) = Ct(i) in equilibrium, the price-setter chooses the price Pt(i) to maximize

Πt(i) = Eb
t

∞
∑

j=0

β j

�

Pt+ j(i)

Pt+ j

�

Pt+ j(i)

Pt+ j

�−εt+ j

Ct+ j −mct+ j

�

Pt+ j(i)

Pt+ j

�−εt+ j

Ct+ j

−
δ

2

�

Pt+ j(i)

Pt+ j−1(i)
− 1

�2

Ct+ j − Tt+ j

�

.
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The FOC reads

(εt − 1)
�

Pt(i)
Pt

�−εt Ct

Pt
=εt mct

�

Pt(i)
Pt

�−εt−1 Ct

Pt
−δ
�

Pt(i)
Pt−1(i)

− 1
�

Ct

Pt−1(i)

+ βδEb
t

��

Pt+1(i)
Pt(i)

− 1
�

Pt+1(i)
Pt(i)

Ct+1

Pt(i)

�

.

Since all firms face the same profit-maximization problem, a symmetric equilibrium ex-

ists, implying Yt(i) = Ct(i) = Ct = Yt and Pt(i) = Pt . The FOC then simplifies to

1
Mt − 1

Yt =
Mt

Mt − 1
mct Yt −δπt (1+πt)Yt + βδEb

t [πt+1 (1+πt+1)Yt+1] (D.6)

where πt ≡
Pt

Pt−1
− 1 is the inflation rate andMt ≡

εt
εt−1 the desired mark-up.

D.2.3 Government and monetary policy

The government follows a balanced budget rule such that

Tt =
Dt

Pt
=
�

Pt(i)∗

Pt
−mct

�

Yt(i)
∗ −
δ

2

�

Pt(i)∗

Pt−1(i)∗
− 1
�2

Ct ,

where a star denotes the optimal price and quantity. Under the balanced budget rule,

the government sets taxes (Tt) so that after-tax firm profits are zero, meaning that the

government redistributes all profits to households. In equilibrium, bonds are in zero supply,

Bt = 0, and hence do not appear in the government budget.

Monetary policy is conducted by a central bank that sets the nominal interest rate ac-

cording to a Taylor rule

it = ρ +φππt +φy ŷt , (D.7)

where ŷt ≡ yt − y is the deviation of log-output from its steady state.
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D.2.4 Three-equation New Keynesian model

A log-linear approximation of the Euler equation D.5 around the zero-inflation, zero-

growth steady state yields

ct = Eb
t ct+1 −

1
σ

�

it −Eb
tπt+1 −ρ
�

(D.8)

where lower-case variables are the logarithm of the uppercase variables and it ≡ − logQ t

and ρ ≡ − logβ denote the nominal interest and discount rate, respectively.

Log-linearizing the firm’s FOC (D.6) around the steady state yields

πt = βEb
tπt+1 +

σ+ϕ
δ(M − 1)

ŷt +
1

δ(M − 1)
M̂t , (D.9)

where a hatted variable denotes the log deviation of the respective variable from its steady

state value.

Next, we express the NKPC in terms of the output gap eyt ≡ yt − yn, where yn is the

natural output level in steady state. We calculate output under flexible prices with δ = 0

to obtain it. The optimal price is then a mark-up over marginal cost, Pt (i)
Pt
=Mt mct , and

natural output in logs is given by yn
t =

1
σ+ϕ log
�

1
Mt

�

. Since we define the output gap relative

to natural output in steady state, we can replace ŷt = eyt in equation (D.9), resulting in the

NKPC, equation (7) in the main text:

πt = βEb
tπt+1 + κeyt + zt ,

where κ≡ σ+ϕ
δ(M−1) and the cost-push shock is defined as zt ≡

1
δ(M−1)M̂t .

Given ŷt = eyt and defining ît = it−ρ, the Euler equation (D.8) and the Taylor rule (D.7)

can be rewritten as

eyt = Eb
t eyt+1 −

1
σ

�

ît −Eb
tπt+1

�

ît = φππt +φy eyt ,
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which are equations (8) and (9) in the main text.
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(a) Shock-size dependence
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(b) State-dependence

Notes: Both panels show results based on 300 simulations of 300-period impulse responses using the baseline
parameterization. Both panels compare economies without left-digit bias (θ = 0) and with full left-digit bias
(θ = 1). In the left panel, the horizontal axis shows the size of the supply shock, which is varied across the 300
simulations. For each simulation, we compute the cumulative inflation response of the inflation rate as the sum
of deviations from the steady state over the entire transition. The right panel repeats this procedure for a fixed
shock size (z = 0.03) but varies the initial inflation level. Specifically, inflation in the two pre-shock periods and
perceived inflation are set to this initial level. The cumulative IRF then measures the total effect of the shock,
computed as the difference between the transition with and without the shock, conditional on the same initial
state away from steady state.

Figure D.1: Nonlinearities in the New-Keynesian model with left-digit-biased inflation ex-
pectations
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