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Introduction: How Do We Form Inflation Expectations?

» Conventional belief: Inflation expectations are sticky

» Depend on time-discounted slow-moving average of life-time inflation experiences
(Malmendier and Nagel (2011, 2016, 2021); Processing costs lead to inattention and rigidity
in belief updating (Sims (2003), Woodford (2009), Carroll (2003), Carroll et al. (2020),

Bracha and Tang (2022))

» Further evidence captures complexity of belief formation:

> Socio-demographic characteristics (e.g. d'Acunto et al. (2021), Bruine de Bruin et al.
(2010), Armantier et al. (2013), Binder et al. (2024)); mental models (Andre et al. (2022),

Zuellig (2022)); social networks (Hajdini et al. (2023))

P> Role of recent, salient prices and price changes of groceries and gasoline (d’Acunto et al.
(2022, 2023, 2024), Cavallo et al. (2017), Coibion and Gorodnichenko (2015), Gelman et al.

(2016), Binder (2018))
» This paper: Model of memory and selective recall as in Bordalo et al. (2022)

P Evidence for new state-dependent element in inflation expectations formation, theoretically
micro-founded in cognitive psychology — rigid expectations when inflation is anchored, but
sharp instability during inflation surges

» Implications for measurement, and thinking about policy and inflation expectations



Motivation
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» Rapid belief updating during recent inflation surge — more rapid for older cohorts

» Puzzling because new data has less impact on older cohort's database; also, older cohorts
experienced less current CPI inflation.

... theory of selective recall.



Basis for Model: Regularities on Selective Recall from Cognitive Science

» Experiments: How do we recall what we studied?

\\ PEERS: Penn Electrophysiology of
— Encoding and Retrieval Study

Encoding Math Distractor Free Recall

“Flood”

“Beam”

Kahana et al (2019)



Basis for Model: Primacy, Recency and Similarity
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Serial Position Semantic Similarity

» Retrieval of experiences in memory database depends on their recency, but also their
primacy, in a U-shaped fashion

» Retrieval also depends on semantic similarity between cue and experiences (3% vs 10%).



Next Steps:

1. How to think about these regularities in an economic model of inflation expectations

2. Supporting evidence from U.S. inflation expectations data



Model: Setup

» Bordalo et al. (2022): Individuals selectively recall experiences from their memory
database given a cue to form their inflation expectations. Similarity of experiences with the
cued hypothesis determines recall probabilities. How to compute the recall probability?

» Database at time t: quarterly inflation rates experienced monthly by an individual of age a
since age 16, It = (7t—s)s<,) With s =16,...,a
» Cues at time t: current inflation 7r¢ (with weight g1) but also range R the individual is
asked to consider (with weight g =1 — q1)
P Survey questions about point expectations: R = R

> Survey questions about ranges: R = [, 77|

» Two features of the cue matter for similarity with experiences in database: temporal
context and numerical value

P Temporal context: current events top of mind (recency), but also earlier more rehearsed life
experiences (primacy)

» Numerical value: experiences similar to the cue are easier to recall. Midpoints for specific
ranges 7Ty ;_1, associate 7t;_1 with 9% as “normal” value



Model: Setup

» Similarity: exponentially decays in distance d(7¢—s; 7t¢, R) between an experience 71;_s
and cue (714, R), along temporal and numerical context

d(me-s;me, R) = B(s/a) +0qu(mes — 71e)? + 0qo(me—s — 7R)?

5(7‘[1‘75, 7Tt) = e_d(ntfsint,R)

» Numerical similarity: 714—s harder to recall if different from cue 71; and normal value in R.
Also, temporal current inflation context in second term.

> Primacy and recency effects captured by inverse U-shaped distance: B(x) = —B1(x)? + Bax
with ,81, ‘32 > 0.



Model: Subjective Recall Probabilities

» Subjective recall probability :

r(nt75|n—t, 7TR) X e_d(ntfs;nt,R)

P> More frequent experiences in the database are more likely to be retrieved
» Crucially, non-mechanical experience effect:

Respondents overweight similar (low-distance) inflation experiences with the present and
cue, and underweight dissimilar (high-distance) experiences

Long-forgotten experiences may suddenly be recalled sharply

= state-dependent element in the recall probability



Model: Survey Beliefs and Expectations

» Estimated, subjective probability of R:

Pr(R|7Tt, R) = Z I’(7Tt_5|7'[t, 7TR)
s €RNIT;
» Point Expectations:
Elmteiq|me, W] = Z r(7te—s|7Te, e 1) Te—s
s €It

> Recall and beliefs are state-dependent via 7t; (and g ¢—1)

P> Point expectations # aggregated beliefs about ranges, due to different cues



Next: Three Testable Propositions

1. Point expectations
2. Inflation Events

3. Point Estimates and Ranges



Proposition 1: Point Expectations

Proposition (Point Expectations)
The linear approximation of a respondent’s point inflation expectations with respect to
B1, B2.0 around B1 = B2 = o = 0 is given by:
E(mes1|R me) = e
2

s s
+ PB1-covt pox Ty—s | — B2 - covy (5 7Tt—s)

— 0-qg1-cove {ﬂt—s, (7Tt—s — ﬂt)z} —0-Qq2-Covt [ﬂt—s, (mTp—s — ﬁt—1)2}

» Higher inflation during lifetime, 7T;_1: higher inflation in the future.
» Weighting experiences according to date of occurrence, B1, B2: recency and primacy,
independent of current inflation 7t;
» Recency enhances reactivity, primacy rigidity

» State-dependent element in formation of inflation expectations, o: Sharp belief changes
possible due to numerical similarity to the cue — despite slow-moving database.



Proposition 2: Specific Inflation Events

» What is the probability of an inflation event £ C R, e.g. E = [8%, 12%]? Assume
individuals think about range midpoints, 71; and cues are 77}, 71;.

Proposition (Inflation Events)

Let n; be the frequency of 7t;. The linear approximation of a respondent's estimate for the odds
of 7tj versus a base 7y, with respect to 1,85 and o around 1 = B> = 0 =0, is given by:

2 _ 22 _ _
Pr(?‘[j|7'[j,7'[t) ﬂ_’_lB 1 ' (SJ Sb) _‘B . ﬂ ) (Sj—5b>
Pr(7‘[b|7'[b, 7'[1») np 1 np a2 2 np a
n:
— oge 2 [ m) (s )

» (Odds increase in relative frequency, temporal context and similarity.
> Relative frequency n;/ny, further increases odds of range j, ceteris paribus.

» If inflation increases from 2% to 10%, the judged probability of the 10% range should go up
for everybody, but especially so for people having lived more 10% inflation experiences.



Proposition 3: Point Estimates and Ranges

» Surveys elicit inflation expectations as point estimates or forecast densities over ranges.

>

Are they consistent?

According to model, memory-based point expectations are given by a weighted sum of
ranges’ expected values

E(r,11|R, 7T¢) = Zth -Pr(mj|mj, ) - 7 (1)
J

where the weight on range j identifies the ratio between the implicit probability estimate

of 71; used for making the point forecast and the directly elicited estimate for the same

range, wj; = Prim|R.me)
v T Pr(mg[mg,me)

Under any rational model, w;; = 1. Not with selective memory, in particular due to the

numerical similarity cue.



Proposition 3: Point Estimates and Ranges

Proposition (Aggregate vs Disaggregated)
Let E(Xy|B) = Y Pr(mi |7k, 7¢) - Xk be the expectation of random variable X based on

observed range estimates. Let d; ; = (71 — ﬁ.’t_l)2 be the distance between range j and
average inflation experiences. A linear approximation of wj; with respect to By, B2 and o
around B1 = Bo = 0 = 0 yields:

]E(7TH_1|R, 7Tt) ~ ]E(Tft_;,_]_|B)
—— S——
point expectation density-based expectation

+ U"C]']E[T[j'((?—deB].

» Point expectations exceed range-based expectations if o > 0, and high inflation ranges are
relatively more similar to average inflation experiences than low inflation ones.

» Implication for survey design: Memory cues / question setup mediate the role of
experiences.



Data
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Data from Michigan Survey of Consumers (MSC), and the New York Fed's Survey of
Consumer Expectations (SCE).

Monthly data, 1978-2022 (MSC), 2013-2022 (SCE), rotating panels.
Point estimations from MSC and SCE, forecast density from SCE.
Current and experienced realized inflation from the Shiller database (Shiller, 2005)

Starting at age 16, measure experiences at a quarterly frequency, using annualized
quarterly CPI growth rate.

Current cue: annualized quarterly inflation rate realized three months before the forecast

Complementary data: CPI inflation forecasts from the Survey of Professional Forecasters

(SPF).



Results

1. Point Expectations



Results - Point Expectations

MSC

(1)

()

(3)

(4)

(5)

One-year ahead Infl. Exp.

Panel A. MSC

Average Experienced Inflation
Cov(s? ) /a2

Cov(s,ms)/a
Cov((Mes-TTjr—q )% Tiess)

Cov((Ttes- Tte)? Tires)

SPF

Constant

Observations
R-squared

0.282%**
(0.027)

2.973%**
(0.122)

229,495
0.091

0.334%**
(0.062)
0.012
(0.534)
-0.309
(0.711)

2.772%%*
(0.250)

229,495
0.091

0.555%**
(0.071)
2.261%**
(0.606)
3.126%**
(0.800)
-0.003%**
(0.001)
0.002%**
(0.001)

2.101%**
(0.264)

229,495
0.093

0.535%**
(0.067)
1.822%%*
(0.542)
-2.495%*x
(0.726)
-0.003**
(0.001)
-0.003***
(0.000)
0.679%**
(0.136)
-0.029
(0.463)

217,818
0.060

0.299*%**
(0.052)
1.154**
(0.481)
-1.052*
(0.601)
-0.002*
(0.001)
-0.005%**
(0.001)
0.261%**
(0.056)
2.227%%*
(0.102)

217,818
0.044

» Strong evidence for three leading memory effects: basic experience effect; U-shaped
temporal context with both primacy and recency; numerical similarity

» Robust to inclusion of SPF forecasts and year effects



Results - Point Expectations SCE

Panel B. SCE

Average Experienced Inflation 0.212%**  0.464* 1.046%** 0.931** 2.175%%*
(0.074)  (0.242)  (0.392) (0.395) (0.374)
Cov(s?ms) /a2 5.292** 2185, 6.371** 19.083***
(2.555)  (2.853) (2.835) (2.790)
Cov(s,ms)/a -6.543* -9.608** -8.351%* -26.657***
(3.564)  (4.061) (4.040) (3.942)
Cov((mes-TTi—1)* es) -0.010 -0.009 -0.001
(0.007) (0.007) (0.007)
CoV((Ts- T)? Teess) -0.002***  -0.002*** -0.008***
(0.001) (0.001) (0.001)
SPF 0.646* 0.937***
(0.354) (0.3086)
Constant 51699%*% .5263**% 3.810%%* 2.639%* -0.163
(0.216)  (0.452)  (0.884) (1.061) (0.959)
Observations 139,583 139,583 139,583 139,583 139,583
R-squared 0.114 0.115 0.115 0.115 0.104
Demographic Characteristics YES YES YES YES YES
Year Fixed Effect YES YES YES YES NO

» Again, strong and robust evidence for three leading memory effects: basic experience
effect; U-shaped temporal context with both primacy and recency; numerical similarity

» Primacy and recency significant in (2)



Quantitative Importance SCE

Effect SD Increase Average SD

Average Experienced

Inflation 0.74 3.00 0.80
Cov(s? ) /a? 1.42 0.28 0.22
Cov(s,ms)/a -1.66 0.27 0.20
Cov((tes-TTie—1 )% Ttes) -0.18 -3.71 20.29
Cov((rtes- Tte)?, T-s) -0.20 11.19 90.36
SPF 0.21 2.18 0.32

» Selective recall quantitatively large along all other elements of recall.

» Similar findings for MSC.




Point Expectations — Medium Horizons (24-36 months)

Medium-Term Inflation Expectations (t+24, t+36)

Average Experienced Inflation 0.148* 0.259 0.945** 0.940** 1.707%%*
(0.082)  (0.253)  (0.359) (0.377) (0.352)

Cov(s?mvs) /a* 0.406 0.585* 0.581 1.397%**
(0.334)  (0.347) (0.362) (0.333)

Cov(s,m)/a -1.443 -2.375 -2.355 -5.926%**
(1.368)  (1.431) (1.501) (1.389)

Cov((TesTTi—q )3 Ties) -0.018***  .0.018***  -0.017**
(0.007) (0.007) (0.006)

Cov((Ttee- )3 Ties) -0.000 -0.000  -0.002**
(0.001) (0.001) (0.001)
SPF 0.023 -0.433
(0.265) (0.323)

Constant 5.518*** 5.386*** 3.586%** 3:549%** 3.118***

(0.246)  (0.450)  (0.803) (0.823) (0.892)

Observations 139,700 139,700 139,700 139,700 139,700
R-squared 0.079 0.079 0.079 0.079 0.074
Demographic Fixed Effects YES YES YES YES YES
Year Fixed Effects YES YES YES YES NO

» Key difference to short-term expectations results: Similarity with experienced mean
inflation rate more important than similarity with current rate.

P> Long-term expectations are shaped by longer-term experiences, indicating that different
cohorts have different medium-run inflation anchors.



Results

2. Inflation Events



Memory and Ranges

Odds Ratio
(1) ) () (4) (5)
Frequency Ratio 0.0162*** 0.0230*** 0.0242%** 0.0230*** 0.0242%**
(0.000682) (0.00131) (0.00131) (0.00131) (0.00132)
Relative Frequency Ratio x Relative
Recency Squared 0.104%** 0.0251%** 0.0350%** 0.0251%** 0.0350%**
(0.00464) (0.00728) (0.00755) (0.00728) (0.00755)
Relative Frequency Ratio x Relative
Recency -0.106*** -0.0731%** -0.0866*** -0.0731%** -0.0866***
(0.00412) (0.00629) (0.00687) (0.00629) (0.00687)
Relative Frequency Ratio x Relative
Dissimilarity -2.26e-05*** -8.20e-06** -1.06e-05*** -8.23e-06**  -1.06e-05***
(2.38¢-06) (3.43-06) (3.87¢-06) (3.42¢-06) (3.87¢-06)
SPF 0.000858 0.00814
(0.00615) (0.00521)
Constant 0.0453%** 0A71%*> 0.173*** 0R714%* oM73 e
(0.00251) (0.00293) (0.00280) (0.00305) (0.00272)
Observations 491,072 567,767 570,799 567,775 570,822
R-squared 0.255 0.295 0.307 0.295 0.307
Demographic x Range Fixed Effects No Yes Yes Yes Yes
Year x Range Fixed Effects No No Yes No Yes

» Additional cross-sectional variation shows same forces of the database, temporal context
and numerical similarity also affect estimated probabilities of different inflation events.



Results

3. Point Estimates and Ranges



Inflation Point Expectations and Ranges

(1) (2) (3)
VARIABLES Inflation Expectations Point Estimate

Density-based Inflation Expectation 1.066*** 1.044%** 1.019***
(0.0150) (0.0171) (0.0184)
Similarity of High Inflation Ranges
to Personal Experiences 0.00206***  0.00218***  0.00208***
(0.000197)  (0.000215)  (0.000216)

Constant 0.466%** 0:857**%* 0.947***
(0.0594) (0.0786) (0.0719)
Observations 140,435 138,973 138,973
R-squared 0.404 0.370 0.373
Demographic Fixed Effects No Yes Yes
Year Fixed Effects No No Yes

» Consistency between point estimates and ranges: coefficient ~ 1.

» Consistency not full in line with model: point expectations overweight more familiar
ranges, i.e. more similar to average inflation experiences



Similarity and Dis-Anchoring (SCE)

Born before 1960 : Born after 1980 _

2019m1 2020m1 2021m1 2022m1 2019m1 2020m1 2021m1 2022m1
date date

Full Mode! Temporal Context  ———— Actual Data ——— Ful Mode! Temporal Context Actual Data

» Expectations are neither always rigid nor overreacting. They are anchored and rigid when
inflation is stable. They change when inflation reminds people of instability.

» Similarity is needed: experiences do not just create a “vanishing level effect” but lead to
state-dependence due to selective recall



Similarity and Out of Sample Re-Anchoring (MSC)
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» A model with both similarity and temporal context predicts both the persistent and sharp
increase in inflation expectations until mid 2022 and their gradual decline until 2024.

Full Model Temporal Context Actual Data ‘

» Selective memory key in explaining both up and down changes.



Conclusion

» In line with results from cognitive psychology, primacy, recency, and similarity influence
formation of inflation expectations
» Broad evidence for state-dependent element

P Inconsistent beliefs about ranges and point expectations due to selective recall

» Expectations are non-rational but not mechanically adaptive: Interaction of experiences
and cues. Important for thinking about rigidity and overreaction & measurement of
inflation expectations (also long-term)

» Policy relevance: Inflation policy shapes database, realized inflation and communication
act as state-dependent memory cues



Inflation Expectations in Japan During Recent Inflation Surge

Fraction of Responses by Inflation Expectations Range

Fraction of Responses by Inflation Expectations Range

Japan, March 2020 Japan, March 2022
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» Despite long history of 0% inflation and deflation, consumers rapidly increase weight on
high inflation scenarios (especially > 10%)

» Older cohorts overweight high inflation scenario compared to younger cohorts

Y 29/29
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