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Abstract 
How do macrofinancial shocks affect investor behavior and market dynamics? Recent 

evidence on experience effects suggests a long -lasting inf luence of personally 

experienced outcomes on investor beliefs and investment but also signif icant differences 

across older and younger generations.We formalize experience-based learning in an 

overlapping generations (OLG) model, where different cross -cohort experiences generate 

persistent heterogeneity in beliefs, portfol io choices, and trade. The model al lows us to 

characterize a novel l ink between investor demographics and the dependence of prices on 

past dividends while also generating known features of asset prices, such as excess 

volati l i ty and return predictabil i ty. The model produces new implications for the cross -

section of asset holdings, trade volume, and investors’ heterogeneous responses to 

crises, which we show to be in l ine with the data.



1. Introduction
Empirical evidence suggests a need for dynamic models that go beyond the rational -

expectations hypothesis.

The exist ing theories assume homogeneous overweighing of realizations from the last 

year or couple of years, they miss two important empirical patterns: first, macroeconomic 

shocks appear to alter investment and consumption behavior for decades to come, as 

conveyed by the notion of “depression babies” or of the “deep scars” left  by the 2008 

f inancial crisis ( Blanchard, 2012; Malmendier and Shen, 2018 ). In other words, the 

measurable impact of past realizations goes far beyond the t imeframe of exist ing models. 

Second , there is signif icant and predictable cross -sectional heterogeneity. Younger 

cohorts tend to react signif icantly more strongly to a recent shock than older cohorts, 

both for posit ive and for negative realizations. 



A growing empirical l iterature on experience effects shows both empirical patterns in 

numerous macrofinance contexts. This literature emphasizes that the long-lasting 

neuropsychology effects of personal “experience” is the key mechanism at 

work.

Our paper develops an equilibrium model of asset markets that formalizes 

experience-based learning and the resulting belief heterogeneity across investors. 

The model clarifies the channels through which past realizations affect future market 

outcomes by pinning down the effect on investors’ own belief formation and the 

interaction with other generations’ belief formation. We derive the aggregate 

implications of learning from experience and the implied cross -sectional differences 

in investor behavior. To our knowledge, this model is the first to tease out the tension 

between experience effects and recency bias. It aims to provide a guide for testing to 

what extent experience- based learning can enhance our understanding of market 

dynamics and of the long-term effect of demographic changes



Model features

Agents have constant absolute risk aversion (CARA) preferences .

Living for a f inite number of periods.

They choose portfol ios of a r isky and a r isk-free security.

Agents maximize their per-period payoffs.

The risky asset is in unit net supply and pays a random dividend every period.

The risk- free asset is in inf initely elastic supply and pays a f ixed return .

Investors do not know the true mean of dividends but learn about it  by observing the 

history of dividends.



We begin by characterizing the benchmark economy in which agents know the true mean 

of dividends. In this sett ing, there is no heterogeneity, and thus the demands of al l  active 

market part icipants are equal and constant over t ime. Furthermore, there is a unique no -

bubble equil ibrium with constant prices. We then introduce experience-based learning.

The assumed belief formation process captures the two main empirical features of 

experience effects: f irst ,  agents over- weigh their l i fet ime experiences. Second, their 

beliefs exhibit recency bias. We identify two channels through which past dividends affect 

market outcomes.



The first channel is the belief formation process: shocks to dividends shape agents’

beliefs about future dividends. Hence, individual demands depend on personal 

experiences, and the equil ibrium price is a function of the history of dividends observed 

by the oldest market part icipant. The second channel is the generation of cross -sectional 

heterogeneity: different l i fet ime experiences generate persistent differences in beliefs .

The model captures an interesting tension between heterogeneity in personal experiences

(which generates belief heterogeneity across cohorts) and recency bias (which reduces 

belief heterogeneity).When there is strong recency bias , al l  agents pay a lot of attention 

to the most recent dividends. Thus, their reactions to a recent shock are similar. Price 

volati l i ty increases, while price autocorrelation and trade volume decrease.



We explore the connection between market demographics and the dependence of prices 

on past dividends by analyzing the effect of a one-t ime change in the fraction of young 

agents that part icipate in the market. We f ind that the demographic composit ion of 

markets signif icantly inf luences the dependence of prices on past dividends .

We then turn to several tests of the empirical implications of our model . 

First, we show that the model accommodates several key asset pricing features identif ied 

in prior l i terature. We then turn to the predict ions regarding trade volume and show that 

the detrended turnover ratio is strongly correlated with differences in l i fet ime market 

experiences across cohorts. That is, changes in the experience -based level of 

disagreement between cohorts predict higher abnormal trade volume, as predicted by the 

model. 



Contribution

Our paper contributes to this l i terature in several respects. 

First ,  we allow for recency bias in the belief formation process 

Second , our agents are not Bayesian and do not update their posterior variance as they 

gain experience, and thus our results do not depend on heterogeneous posterior 

variances. 

Third ,  our CARA- normal framework allows us to obtain closed-form solutions to clearly 

understand the l ink between demographics, experience, and recency. 

Finally, we consider our empirical approach more comprehensive, as we test the model 

predict ions about portfol io holdings, asset pricing features, and trade volume.



2. Model set-up 

Consider an inf inite-horizon economy with overlapping generations of a continuum of r isk -

averse agents. At each point in t ime t ∈ Z , a new generation is born and l ives for q 

periods, q ∈ { 1 , 2 , 3 , .  .  .  } .  Hence, there are q + 1 generations alive at any t .  The 

generation born at t  = n is called generation n . Agents have CARA preferences with risk 

aversion γ. They can transfer resources across t ime by investing in f inancial markets. 

Trading takes place at the beginning of each period. At the end of the last period of their 

l ives, agents consume the wealth they have accumulated. We use n q to indicate the last 

t ime at which generation n trades; n q = n + q − 1 . (I f  the generation is denoted by t ,  we 

use t q .) Fig. 1 i l lustrates the t imeline of this economy for two -period l ived generations 

( q = 2 ).



Fig .  1 .  A t imel ine  for  an  economy w i th  two -per iod l ived 

generat ions,  q  =  2



As a result,  wealth next period is :

There is a r isk-free asset, which is in perfectly elastic supply and has a gross return of R 

> 1 at al l  t imes. And there is a single r isky asset (a Lucas tree), which is in unit net 

supply and pays a random dividend d t ~ N ( θ, σ2 ) at t ime t .  To model uncertainty about 

fundamentals, we assume that agents do not know the true mean of dividends θ and use 

past observations to estimate it . To keep the model tractable, we assume that the 

variance of dividends σ2 is known at al l  t imes.For each generation n ∈ Z , the budget 

constraint at any t ime t ∈ { n, .  .  .  ,  n + q } is :



We denote the excess payoff received in t + 1 from investing at t ime t in one unit of the 

risky asset, relat ive to the riskless asset, as

This is analogous to the equity premium in our CARA model. Using this notation :

For a given init ial wealth level w , the problem of a generation n at each t ime t ∈ { n, . . . ,  

n q } is to choose x :

RPdPS ttt −+ +++ 111t

RWsxW n

tt

n

t

n

t += ++ 11



In this framework, experience-based learning (EBL) means that agents overweigh 

realizations observed during their l i fet imes when forecasting dividends and they may t i l t  

the excess weights toward the most recent observations. For simplicity, we assume that 

agents only use observations realized during their l i fet imes. That is, even though they 

observe the entire history of dividends, they choose to disregard earl ier observations. 

EBL differs from reinforcement learning-type models in two ways. First ,  as already 

discussed, EBL agents understand the model and know all the primit ives except the mean 

of the dividend process. Hence, they do not learn about the equil ibrium; they learn in 

equil ibrium. Second , EBL is a passive learning problem in the sense that players’

actions do not affect the information they receive . This would be different i f  we had, say, 

a part icipation decision that l inks an action (part icipate or not) to the type of data 

obtained for learning. We consider this to be an interesting l ine to explore in the future

2.1. Experience-based learning 



Let m denote the prior belief about the mean of dividends that agents are born with and 

where we restrict m to be Gaussian with mean θ for tractabili ty. With this, we construct 

the subjective mean of dividends of generation n at t ime t fol lowing the empirical 

evidence on Malmendier and Nagel (2011) as fol lows:
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The denominator in Eq. (5) is a normalizing constant that depends only on age and on the 

parameter that regulates the recency bias, λ. For λ > 0, more re - cent observations 

receive relatively more weight, whereas for λ < 0, the opposite holds.

Observe that by construction, 

Hence, θn t does not necessari ly converge to the truth as t → ∞ ; i t  depends on whether 

sum → 0 . This in turn depends on how fast the weights for “old” observations decay to 

zero (i.  e., how small λ is). When agents have f inite l ives, convergence wil l  not occur. 
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2.2. Comparison to Bayesian learning

To better understand the experience-effect mechanism, we compare the subjective mean 

of EBL agents to the posterior mean of agents who update their beliefs using Bayes rule. 

We consider two cases: ful l  Bayesian learning (FBL) , wherein agents use all the available 

observations to form their beliefs; and Bayesian learning from experience (BLE) , where 

agents only use data realized during their l i fet imes

2.2.1. Full Bayesian learners 

We denote the prior of FBL agents as N(m, σ2 m )



The belief of an FBL agent is a convex combination of the prior m and the average of al l  

observations d k realized since t ime 0. The key difference to EBL agents is that 

differences in personal experiences do not play a role: there is no heterogeneity in beliefs, 

and all generations alive in any given period have the same belief about the mean of 

dividends. In addit ion, beliefs of FBL agents are nonstationary (i.  e., they depend on the 

t ime period). As t → ∞ , the posterior mean converges (almost surely) to the true mean. 

That is, with FBL the implications of learning vanish as t ime goes to inf inity. With EBL, 

this is not true. Since agents have f inite l ives and learn from their own experiences, our 

model generates learning dynamics even as t ime diverges.



2.2.2. Bayesian learners from experience

The belief of a BLE generation is a convex combination of the prior m and the average of 

(only) the l i fet ime observations d k available to date. 



2.3. Equilibrium definition

Linear equil ibrium： A linear equil ibrium is an equil ibrium wherein prices are an aff ine 

function of dividends. That is, there exists a K ∈ N , α ∈ R , and βk ∈ R for al l  k ∈

{ 0 , .  .  .  ,  K} such that

For the sake of benchmarking our results for EBL agents, we characterize equil ibria in an 

economy where the mean of dividends, θ, is known by all agents (                   ).  

In this scenario, there are no disagreements across cohorts, and the demand of any 

cohort trading at t ime t is
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The solution to this problem is standard and given by

Since there is no heterogeneity in cohorts’ demands and there is a unit supply of 

the risky asset, in any equil ibrium, x n t = 1 for all n ∈ { t  − q + 1 , .  .  .  ,  t} ,  and 

zero otherwise. Furthermore, there exists a unique bubble -free equil ibrium with 

constant prices
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3. Toy model 

To i l lustrate the mechanics of the model, we f irst high - l ight the main results of the paper 

in a simple environ- ment, namely, for q = 2 . We wil l  solve the model for any q > 1 in the 

next section. In the toy model with q = 2 . At t ime t ,  the problem of generations n ∈ { t ,  t  

− 1 } is given by Eq. (3) . I t  is easy to show that their demands for the risky asset are

As one of our f irst key results in Section 4 , we wil l  show that ( i) prices depend on the 

history of dividends and (i i) this price predictabil i ty is l imited to the past dividends 

observed (experienced) by the oldest generation trading in the market. In other words, we 

show that K = q − 1 in Eq. (6) . Anticipating this result here for q = 2 , we have



Given the functional form for prices, we can rewrite the demands of both cohorts that are 

actively trading as

The difference between cohorts’ demand arises from their different beliefs 

about future dividends.



These formulas i l lustrate the mechanics of EBL and the cause of heterogeneity among 

agents. In the simplif ied sett ing, the younger generation has only experienced the 

dividend d t and expects the dividends to be identical in the next period. The older 

generation has more experience and incorporates the previous dividend in their weighing 

scheme. An implication of these formulas is that the younger generations react more 

optimistically than older generations to posit ive changes in recent dividends and more 

pessimistically to negative changes.

We now impose the market clearing condit ion,                     ,  to derive the equil ibrium 

price given these demands. We use the method of undetermined coeff icients to solve for 

{ α, β0 , β1 }. Sett ing the constants and the terms that mult iply d t and d t−1 to zero, we 

obtain a system of equations whose solution determines the price constant and the 

loadings of prices on present and past dividends,
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These solutions i l lustrate how the price loadings on past dividends depend on the 

demographics of the economy and on the magnitude of the recency bias.

The variance of prices is increasing in the recency bias λ, while the price autocorrelation 

is decreasing in the recency bias. The intuit ion is straightforward: as the recency bias 

increases, prices become more responsive to the most recent dividend, ∂β0/∂λ> 0 ,  

increasing price volati l i ty, and less responsive to past dividends, ∂β1/∂λ< 0 ,  decreasing 

price autocorrelation.



4. General model

Proposit ion 4.1 .

Suppose                                           Then, for any generation n ∈ Z trading in period t 

∈ { n, .  .  .  ,  n q } ,  demands for the risky asset are given by

I t  is easy to see, then, that beliefs about future dividends are l inear functions of the 

dividends observed by each generation part icipating in the market, and thus prices 

depend on the history of dividends observed by the oldest generation in the marke.
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Proposit ion 4.2 .

The price in any l inear equil ibrium is aff ine in the history of dividends observed by the 

oldest generation part icipating in the market .



4.2 establishes a novel l ink between the factors inf luencing asset prices and demographic 

composit ion. For each k = { 0 , 1 , .  .  .  ,  q − 1 } ,  one can interpret w k as the average 

weight placed on the dividend observed at t ime t − k by all generations trading at t ime t .  

As the formula also reveals, the relat ive magnitudes of the weights on past dividends, βk , 

depend on the number of cohorts in the market, q , on the fraction of each cohort in the 

market, 1 /q , and on the extent of agents’ recency bias, λ.

Note that ∂βk/ ∂R < 0 and ∂α/ ∂R > 0 for any λ. That is, i f  the interest rate is higher, the 

equil ibrium price of the risky asset responds less strongly to past dividends. Furthermore, 

higher r isk aversion γ decreases the equil ibrium price by lowering α.

Proposit ion 4.3 .

For λ > 0, more recent dividends affect prices more than less recent dividends (i.  e., 0 < 

βq −1 < .. . .  < β1 < β0 ).



Lemma 4.1 .

The effect of the most recent dividend realization on prices, β0 , is increasing in λ, with

and                          .So under extreme recency bias ( λ → ∞ ), only 

the current dividend affects prices in equil ibrium, while the weights on all past dividends 

vanish.

4.2. Cross-section of asset holdings

Proposit ion 4.4 . For any t ∈ Z and any generations n ≤ m trading at t ,  there is a 

threshold t ime lag k 0 ≤ t − m − 1 such that for dividends that date back up to k 0 periods, 

the risky- asset demand of the younger generation (born at m) responds more strongly to 

changes than the demand of the older generation (born at n), while, for dividends that 

date back more than k 0 periods, the opposite holds. That is,
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For any two cohorts of investors, there is a threshold t ime lag up to which past dividends are 

weighted more by the younger generation and beyond which past dividend real izations are 

weighted more by the older generation.

Proposit ion 4.5 . Suppose λ > 0 . Consider two points in t ime t 0 ≤ t 1 such that dividends 

are nondecreasing from t 0 up to t 1 . Then for any two generations n ≤ n + k born 

between t 0 and t 1 , the demand of the older generation for the risky asset ( x n t ) is 

lower than the demand of the younger generation ( x n + k t ) at any point n ≤ t ≤ t 1 ; i. e., 

ξ( n, k, t  ) ≤ 0 . On the other hand, if  dividends are nonincreasing, then ξ( n, k, t  ) ≥ 0 .

The proposit ion i l lustrates that, while boom times tend to make all cohorts growing up in 

such t imes more optimistic, the effect is part icularly strong for the younger generations. 

This induces them to be overrepresented in the market for the risky asset. The opposite 

holds during t imes of downturn.



4.3. Trade volume

We now study how learning and disagreements affect the volume of trade observed in the 

market. We consider the fol lowing definit ion of the total volume of trade in the economy:

Proposit ion 4.6The trade volume defined in Eq. (18) can be expressed as



More specif ically, when the change in a cohort’s beliefs is different from the average 

change in beliefs, trade volume increases. That is, trade volume increases in the 

dispersion of changes in beliefs.

5. Market participation

The results derived so far i l lustrate a key feature of EBL: the demographic structure of an 

economy, and in part icular the cross-sectional composit ion of investors, affect equil ibrium 

prices, demand, and trade volume in a predictable direction. In this section, we explore 

the l ink between market demographics and f inancial market outcomes by considering an 

unexpected increase in the fraction of young market part icipants (e. g., due to a baby 

boom or a generation- specif ic event drawing a certain generation into the stock market). 

The goal of this exercise is to understand how a larger fraction of young market 

part icipants affects market dynamics. 



For ease of i l lustration, we focus again on our q = 2 economy. We denote the mass of 

young agents at any t ime t by y t and the total mass of agents at t  by m t = y t + y t−1 . 

We consider a one-t ime unexpected (exogenous) shock to the mass of young agents in 

the market at t ime τ. For all t  < τ and t > τ + 1 , instead, y t = y and thus m t = 2 y = m .

We solve the problem by backward induction. Note that the form of agents’
demands remains unchanged. By im- posing market clearing in τ + 1 , with mass y 

of young agents and y τof old agents, and using the method of undetermined 

coeff icients, we obtain





Fig. 2 shows how the reliance of prices on past dividends changes with the fraction of 

young agents in the market at t ime τ.



6. Empirical implications 

6.1. Quantitative implications for asset pricing moments 

In this papers, we define quantit ies in terms of differences, rather than ratios, since 

variables in the model proxy for the log of their values in the data. We use capital letters 

P and D to denote prices and dividends, while small letters denote their logs, p = log (P ) 

and d = log (D ) .  For example, instead of stock returns, we measure price changes ?p 

and, instead of the price-dividend ratio P / D , we study the difference p − d.

6.1.1. Predictabil i ty of excess returns



As the f igure shows, the EBL model generates a posit ive (and strong) relat ion between 

the dividend-price ratio and returns, which increases with the return horizon .Fig. 3.

Predictabili ty of d t − p t for p t+ z − p t Notes. This f igure plots the coeff icient B 

R ( z ) over varying horizons z for two levels of recency bias, λ ∈ {1, 3}, in a q = 

40 economy with R = 1 .05 . 



Fig. 4 (a) plots B R (1, y t ) as a function of the fraction of young agents at t ime t, y t  .  As 

the plot shows, the predictabil ity of next period’s return decreases in the fraction of 

young market part icipants in the current period. The increase in the fraction of young 

market part icipants at t ime t increases the covariance between d t − p t and returns p t+1 

− p t ,  as the new mass of young agents increases the sensit ivity of price p t to dividends 

at t ime t .  However, this also increases the variances of d t − p t .  These two effects go in 

opposite directions, and the latter effect dominates.

Fig. 4 (b) .  In this case, the predictabil i ty measure increases with the fraction of young 

agents. As before, the increase in the fraction of young market part icipants at t ime t + 1 

increases the covariance between d t − p t and p t+1 − p t as the new mass of young 

agents increases the sensit ivity of price p t+1 to dividends at t ime t + 1 . However, the 

variance of p t − d t is not affected by y t+1 , and thus the “covariance effect”

dominates.





6.1.2. Predictabil i ty of price-dividend ratio

In addit ion to the predictabili ty of returns, we can also compute the predictabil ity of the 

price-dividend (P/D) ratio implied by the model. That is, we relate past P/D ratios to future 

P/D realizations and analyze the persistence of the P/D ratio. In part icular, we study how 

this predictabil i ty of P/D ratios varies with the investment horizon and with the fraction of 

young people in the market. Our measure of predictabili ty is constructed as fol lows:



Fig. 5.



6.2. Demographics and price-dividend predictabil i ty 

We want to test whether the predict ive power of the lagged P/D ratios for the current one 

depends on the relat ive representation of younger versus older generations in the market 

in the manner predicted by the model. EBL predicts that the correlation between future 

and current lags is higher when the current share of young market part icipants is large. 

Moreover, the model generates the heurist ic that young people put l i t t le weight on 

observations of the “distant” past (cf. Proposit ion 4.4 ). To test these predict ions, we 

regress the log of the P/D ratio onto lags of i tself interacted with a dummy variable that 

indicates a larger presence of young people in the market. To model the dynamics of the 

P/D process, we depart from the standard l inear AR models and postulate a Markov -

switching regime (MSR) model, which allows us to capture richer nonlinear dynamics in a 

tractable way. The regression model is thus given by



The theoretical predict ion of our model is that the correlat ion between future and current 

lags should be higher when the current share of young market part icipants is large.



6.3. Cross-section of asset holdings and trade volume 

We now turn to the novel empirical predict ions of the EBL model about the cross -section 

of equity holdings and stock turnover. We investigate two sets of predict ions that are 

directly testable and joint ly hard to generate by alternative models. The f irst predict ion is 

that cross-sectional differences in the demand for r isky securit ies reflect cross -sectional 

differences in l i fet ime experiences of r isky payoffs. That is, cohorts with more posit ive 

l i fet ime experiences are predicted to invest more in the risky asset than cohorts with less 

posit ive experiences ( Proposit ion 4.1 ). We test this both in terms of stock market 

part icipation (extensive mar- gin) and in terms of the amount of l iquid assets invested in 

the stock market ( intensive margin). The second predict ion is that changes in the cross -

section of experience-based beliefs generate trade ( Proposit ion 4.6 ).



6.3.1. Stock market part icipation

Fig. 6 ,  we see that the older age group is more l ikely to hold stock, compared to the 

younger age group.

Both graph (b) and graph (d) indicate that older generations invest a higher share of the 

their l iquid assets in stock, compared to the younger generations, when their experienced 

returns have been higher than those of the younger age group over their respective 

l i fespans so far, and vice versa when they have experienced lower returns than the 

younger cohorts





Figs. 7 to 9 present the corresponding results for experienced dividends, earnings, and 

GDP.Figs. 7



Figs. 8



Figs. 9



7. Conclusion

In this paper, we propose an OLG equil ibrium framework to study the effect of personal 

experiences on market dynamics and how the demographic composit ion of an economy 

can have important implications for the extent to which prices depend on fundamentals. 

We incorporate the two main empirical features of experience effects, the overweighing of 

l i fet ime experiences and recency bias, into the belief formation process of agents. By 

doing so, we generate what we think are two important channels through which shocks 

have long-lasting effects on market outcomes. The f irst is the belief formation process: al l  

agents update their beliefs about the future after experiencing a given shock. The second 

is the cross-sectional heterogeneity in the population: different experiences generate 

belief heterogeneity. We show that EBL not only generates several well - known asset 

pricing puzzles that have been observed in the data, but it  also produces new testable 

predict ions about the relat ion between demographics, prices, trading behavior, and the 

cross-section of asset holdings, which are in l ine with the data.


