Internet Appendix

A. A Model of Memory-based Belief Distortion

Economic theory has begun to emphasize the role of selective recall in how people deal with ego-
threatening information (Bénabou and Tirole, 2002, 2004) and to formalize consequences of memory lim-
itations for economic choice (Bordalo, Gennaioli, and Shleifer, 2020; Mullainathan, 2002; Nagel and Xu,
2022). In this section, we present a simple behavioral mechanism for a positive memory bias and its effect
on beliefs. In our model, the agent uses observed signals to update beliefs about an underlying state in a
quasi-Bayesian way (e.g. Rabin, 2002). She behaves as a Bayesian updater, but places wrong weights on
signals (e.g. Rabin and Schrag, 1999; Mobius, Niederle, Niehaus, and Rosenblat, 2014). In our setting, the
biased signal weighting happens when the agent retrieves historical data, such as earnings surprises, returns,
or dividends, from memory. The weights are biased in a self-serving way (e.g. Koszegi, 2006):! the agent
relatively under-remembers signals that are inconsistent with her motivation, e.g., maintaining a positive
self-image, and becomes over-optimistic about more preferred states.

A. The Model

Suppose in each period ¢, a stock generates an outcome d; € D, where D is a finite ordered set of
outcomes. Outcomes in all periods are ¢..d. In a financial market, these outcomes can be thought of as
earnings surprises, returns, or dividends. Which outcome is generated in each period is determined by the
stock’s underlying type. The agent’s task is to observe the outcomes and to make inference about the stock’s
type. For simplicity and for the convenience in our subsequent experimental testing, we use binary outcomes
and a binary type space. The outcomes are either positive or negative: d; € {0,1}, where 0 represents
a negative outcome and 1 represents a positive outcome.? The stock is of one of 2 different types good
or bad, represented by G and B respectively. Each type corresponds to an underlying distribution from
which outcomes are drawn. The probability of a positive outcome is 84 for a good stock, and g for a bad
stock, with 0 < g < g < 1. In other words, the good type has an outcome distribution that first-order
stochastically dominates the bad type. Let u§ and pf represent the prior belief about the good and bad
type respectively.

The true history of outcomes up to period ¢ is represented by h; = (di,...,d:). The agent observes
the history of outcomes hy, stores the outcomes in memory as the history of remembered outcomes hf =
(dE,...,dF), and forms beliefs about the stock’s type and future outcomes based on hf*. Up to period ¢, the
total number of positive outcomes occurred is n;", the total number of negative outcomes occurred is n; .
The total number of positive and negative outcomes sum up to t.? Let the number of remembered positive
and negative outcomes be denoted as n;“R and n, ’R, respectively.

Assume that the agent always remembers the total number of periods correctly, thus n?"R +n, A4
However, n;"™ and n; " may not be correct representations of nj and n; . If the agent invests in the
stock, she may relatively under-remember negative outcomes compared to positive outcomes.® This memory
bias could emerge because obtaining negative outcomes might suggest that the initial investment decision
was wrong and positive outcomes might justify the initial investment decision. In other words, negative
outcomes might be inconsistent with the agent’s motivation, e.g., maintaining a positive self-image, and
positive outcomes might align with the agent’s motivation. In a similar vein, if the agent does not invest in
the stock, she may relatively under-remember positive outcomes compared to negative outcomes. However,
the effect does not have to be symmetric. For instance, the decision to invest could be of higher importance
for the agent’s motivation, e.g., the maintenance of a positive self-image, compared to the decision not to

1See Bénabou and Tirole (2016) for a review of this literature.

2This is without loss of generality, as long as the set of outcomes is ordered.

3Under the current notation, we also conveniently have nj' = Zé d¢, and ng, =t — Zé di.

4This means if the agent relatively over-remembers positive outcomes, she must relatively under-remember negative outcomes.
Of course the agent could also under-remember all outcomes in general, but this memory decay is not what we would like to
pursue.

5Relative mis-remembering a kind of outcome relative to the other is the phenomenon of interest here. Uniform mis-
remembering of both positive and negative outcomes is not explored here.



invest. Many studies document the power of action to alter self-views and provide evidence for an asymmetry
between the influence of action and non-action on self-perception (Cioffi and Garner, 1996; Allison and
Messick, 1988; Fazio, Chen, McDonel, and Sherman, 1982).

Suppose R; represents the memory bias in period ¢, given the agent’s initial choice to invest in the stock
and dependent on whether the outcome is positive or negative:

Ry = 6:[I;q~ + (1 — I;)q™], (A.1)

where d; € [0, 1] captures the degree of memory bias depending on whether an active choice (to invest or not
to invest in a given stock) is made in period ¢. If the agent makes an active choice, é; = 1 so that there is
full memory bias; if the agent does not make an active choice, for instance if the stock position is inherited,
d; € [0,1), so that the memory bias is lower and it is possible that no memory bias emerges (§; = 0). I, is an
indicator function that is equal to 1 if the agent invests in the stock in period ¢, and 0 otherwise. Additionally,
q~ € [0,1] is the probability of under-remembering a negative outcome and ¢+ € [0,1] is the probability of
under-remembering a positive outcome. The assumption here is that if the agent actively invests, she faces
a probability ¢~ of forgetting each negative outcome, but she does not mis-remember positive outcomes.
Thus, she relatively under-remembers negative compared to positive outcomes. In case the agent invests
(does not invest), if ¢~ = 0 (g7 = 0) there is no memory bias, and if ¢~ = 1 (¢* = 1) the memory bias
is extreme, i.e., the outcomes are forgotten completely. It is possible that g~ = ¢T, or ¢~ # ¢7. That is,
the agent may or may not have the same bias if she invests or if she does not. Further, it is possible that
either ¢~ or ¢ is 0, which means the agent has a memory bias only if she invests in the stock, or only if she
does not invest in the stock. We will demonstrate this point in our experimental results. And finally, when
g~ = q" = 0, the model reverts to rational Bayesian updating.

For simplicity, in what follows we focus on the case where an active choice is made, or §; = 1.5 If the
agent invests in the stock in period 1 to ¢, then in period ¢, the remembered number of negative outcomes
is expected to be n;’R = (1-q¢ )n, <n;, and the remembered number of positive outcomes is expected

f’R =t— nt_’R > nj. If the agent does not invest in the stock, then in period ¢, the remembered

to be n
number of positive outcomes is expected to be n;" R (1 —¢")n < n}, and the remembered number of
negative outcomes is expected to be n; Ry n;“R > n, . Note that equality holds if there is no outcome
that contradicts with the agent’s motivation. This is the case when n; = 0 if the agent invests, and n;” = 0
if the agent does not invest.

An unbiased agent uses the true history h; to update her belief about the stock’s type. The posterior

belief that the stock’s type is G of an unbiased agent is represented by:

ayesian P(h|0 §
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The likelihood ratio of type G relative to type B is given by:
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A biased agent uses the history of remembered outcomes hf to update her belief about the stock. The
posterior belief that the stock’s type is G of a biased agent is represented by:

MtG,Biased(htR) — P(hfz'eG):u’g; .
Zj:G,B P(h{f0;) 1
The likelihood ratio of type G relative to type B for a biased agent is

+.R _
Biased (1, R 92; (1 — GG)nt YRIU’(C);
A (ht ) = T F R , (AS)

o (L= )

6In our experimental results we will demonstrate the difference in memory bias between an active choice and a passive
endowment.



If the agent invests in the stock n;" > nj, and thus ABiesed(pR) > ABavesian(p ). the biased agent
overestimates the good type relative to the bad type compared to a Bayesian agent. Conversely, if the agent
does not invest in the stock n;"" < nj, and thus ABiased(pR) < ABayesian(p) - Again, the biased agent
updates her beliefs like a Bayesian agent if there is actually no outcome that contradicts with her motivation.

In general, after a biased agent invests in the stock, her memory of observed outcomes will be biased.
She relatively under-remembers less preferred outcomes, and thus when updating beliefs, she becomes overly
optimistic about the underlying type of the stock. The opposite might happen if the biased agent does not
invest in the stock. However, as stated before, the memory bias might not be symmetric for the cases in
which the agent invests and does not invest. Note that when the probability of under-remembering (¢~ or
q*) is zero, Equation (A.3) and Equation (A.2) coincide.

The agent with a motivated memory bias can also be seen as placing biased weights on past outcomes
when retrieving them from memory. If she invests in the stock, she relatively overweights positive outcomes,
and overestimates the probability that the stock is of the good type. By contrast, if she does not invest in
the stock, she relatively overweights negative outcomes, and overestimates the probability that the stock is
of the bad type.

B.  Signal Weighting

Without loss of generality, suppose that 6 = 6, and 6 = 1 — 6, where 0 € (0.5,1). Additionally, the
two types are equally likely, ug = ub = po = 0.5.7 This further simplifies matters and helps us to derive
simple representations of biased signal weightings, which are testable in our experiment.

Rewriting Equation (A.2), an unbiased agent’s posterior likelihood ratio of G relative to B is
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For a biased agent, if she invests in the stock, the posterior likelihood ratio of G relative to B is
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If the biased agent does not invest in the stock, the posterior likelihood ratio of G relative to B is
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A Bayesian agent uses the correct number of occurred positive and negative outcomes to update her

beliefs, placing equal weight on positive and negative outcomes. As in Equation (B.1), the weight should be

_0_

1-9), which represents the informativeness of positive relative to negative signals.

exactly equal to In(

0
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n — ln(1 ﬁ G)n;. (B.1)
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However, the agent with a motivated memory bias has the following log likelihood ratios

In ABiased,INV(hR) —_ ln( 0
K 1-0

"In the experiment, we also have binary signals generated from the underlying distribution, either positive or negative
outcomes. We used three positive and three negative outcomes, respectively, that are equally likely. However, this is irrelevant
for a Bayesian updater when forming beliefs. Beliefs should be solely formed based on whether the signal is positive or negative.
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It can be shown that the following equations characterize the difference between the log likelihood ratios

of a biased agent and a Bayesian agent.

In ABiased,INV(hi%) —In ABayesian(ht) _ ln( )2q—n;7 (B2)
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In ABiased,NOT(hf) “In ABayesian(ht) - _ ln( )2q+n:r- (BS)
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Hence, the belief distortion, measured as the log-likelihood deviation from the Bayesian belief, is positively
correlated with 6, ¢~ (or ¢*), and n; (or n;"). The magnitude of the belief distortion is non-zero, when
g n; #0 (or ¢tn #0), as 0 € (0.5,1).
Equations (B.2) and (B.3) yield the following propositions.

Proposition 1: Given g~n; # 0 (or gtny # 0), the magnitude of the belief distortion is positively correlated
with the contrast between the underlying processes (8).

Proposition 2: Given ¢~ # 0 (or q* # 0), the magnitude of the belief distortion is positively correlated with
the number of signals inconsistent with the agent’s motivation (n~ or n™ ).

Proposition 3: Given n; # 0 (or nj #0), the magnitude of the belief distortion is positively correlated with
the magnitude of the memory bias (¢~ and q* ).

C.  Comparative Statics

Our model proposes interesting comparative statics. The model predicts that holding 6, ¢~ and ¢*
constant, the belief distortion compared to the Bayesian posterior is larger if there are more outcomes that
are contradictory to the biased agent’s motivation (Proposition 2). These are the negative outcomes if the
agent invests and the positive outcomes when the agent does not invest. Further, the model predicts that
holding #, n~ and n™ constant, the belief distortion relative to the Bayesian posterior is larger for agents
with a larger memory bias (Proposition 3).

In line with the model propositions, we show that the belief distortion of subjects who invested in the
stock is larger if more negative outcomes occurred, as indicated in Proposition 2. Figure 77 displays this
finding for subjects who invested in the stock. The bars represent the mean value of subjects’ belief distortion
for different numbers of observed negative outcomes (n~). The red line indicates the prediction for a linear
regression. The figure illustrates a significant positive trend (p < 0.001), in line with our Proposition 2.
The magnitude of the belief distortion of subjects who invested in the stock is positive as soon as subjects
observed more than four negative outcomes. Further, the belief distortion increases significantly with a
growing number of observed negative outcomes.
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Figure 1. Belief Distortion and Observed Outcomes. This figure displays mean values of subjects’
belief distortion measured by the difference between the posterior log-likelihood ratios of subjects’ elicited
probabilities and the objective Bayesian probabilities (Belief Distortion). The sample is limited to subjects
who invested in the stock (first choice). The bars represent the mean values for different numbers of individ-
ually observed negative outcomes by subjects (n~). Error bars indicate 95% confidence intervals. The red
line represents the prediction for a linear regression of Belief Distortion on a Dummy variable for different
numbers of n~.



B. Subjective Memory Bias Across Different Specifications

In this Appendix sections, we provide additional results on subjects’ memory bias across different spec-
ifications and treatments. First, Table 1 shows subjects’ memory bias in Experiment 1, including subjects
who did not invest in the stock.

Table 1. Subjective Memory Bias Across Treatments (including subjects who did not invest in the stock)

X Difference
Observed Delay Immediate
(if invested)
outcomes
Invested Not invested Invested Not invested
T-test T-test T-test T-test T-test
(N =174) (N =18) (N =78) (N =18)
1 2 ®3) (4) (5) (6) (M (8) 9)
Positive
0.89 p = 0.001 -0.06 p = 0.918 0.27 p = 0.058 -0.11 p = 0.668 p = 0.018
outcomes
Negative
-0.73 p = 0.000 -0.22 p = 0.664 -0.28 p = 0.037 -0.06 p = 0.875 p = 0.038
outcomes

This table displays subjects’ memory bias in the Delay and Immediate condition, separately for subjects who invested in the
stock and subjects who did not invest in the stock, i.e., invested in the bond. Memory bias is estimated at the individual level
by subtracting the actual individually observed number of positive (negative) outcomes from subject’s recalled number of the
stock’s positive (negative) outcomes. The table reports mean values and T-test results against the null hypothesis that the
memory bias is zero (columns 1-8) and T-test results of the difference in means between our conditions Delay and Immediate
for subjects who invested in the stock (column 9).

Second, Table 2 shows subjects’ memory bias in Experiment 2, separately for positive and negative
outcomes. Note, in Experiment 2 we forced subjects’ responses in the memory elicitation task to always add
up to 12 outcomes (i.e., the true number of outcomes observed). Thus, subjects’ memory bias for positive
and negative outcomes yield the same finding, just with opposite signs.

Table 2. Subjective Memory Bias in Experiment 2 (for pos. and neg. outcomes separately)

Baseline condition Mean Memory Bias Treatment Effect
(N = 185) in Delay condition (Delay vs. Immediate)
0.36 0.48
For Pos. Outcomes
(p = 0.023) (p = 0.010
-0.36 -0.48
For Neg. Outcomes
(p = 0.023) (p = 0.010)

This table displays subjects’ mean memory bias for positive and negative outcomes (compared to the true number of outcomes
observed) in the Delay group as well as the treatment effect (the difference in memory bias for positive outcomes in the Delay
group vs. Immediate group) in Experiment 2. Memory bias is estimated at the individual level by subtracting the actual
individually observed number of positive/negative outcomes from subject’s recalled number of the stock’s positive/negative
outcomes. The table reports mean values and T-test results against the null hypothesis that the memory bias is zero as well as
the T-test results of the difference in means between Delay and Immediate. The sample is restricted to subjects in Baseline.

Third, Table 3 shows subjects’ memory bias in Experiment 2, separately for subjects in the active choice
setting (Baseline condition) and subjects in the passive choice setting (NoChoice condition).



Table 3. Memory Bias in Active vs. Passive Choice Settings

Mean bias in
Delay
(vs. true number

of outcomes)

Mean bias in
Immediate
(vs. true number

of outcomes)

Treatment effect
(difference between

Delay and Immediate)

Baseline 0.36
(N = 94) (p = 0.023)
NoChoice 0.18
(N = 84) (p = 0.398)

-0.12
(p = 0.212)

-0.31
(p = 0.008)

0.48
(p = 0.010)

0.49
(p = 0.051)

This table displays subjects’ memory bias in the Delay and Immediate group, separately for subjects in the Baseline and
NoChoice condition. Memory bias is estimated at the individual level by subtracting the actual individually observed number
of positive outcomes from subject’s recalled number of the stock’s positive outcomes. The table reports mean values and T-test
results against the null hypothesis that the memory bias is zero as well as the T-test results of the difference in means between

Delay and Immediate.



C. Model-based Measure of the Memory Bias

In accordance with this model, we test for subjects’ memory bias based on how subjects weight ob-
served outcomes when forming beliefs about the stock. Equations (B.2) and (B.3) provide the foundation
for our regression analysis with regard to memory-based belief distortion. With subjects’ belief distortion
as the dependent variable, In(1%;)2n; or — 111(%)2712r as the independent variable, we can directly esti-
mate the value of ¢~ and ¢*, i.e., the memory bias, on average across subjects. In the model, ¢~ is the
probability of under-remembering a negative outcome if invested in the stock and ¢ is the probability of
under-remembering a positive outcome if not invested. If ¢~ or ¢t equals zero, the probability of under-
remembering an outcome is zero and if it equals one, the probability of under-remembering an outcome is

100%.

Table 4. Estimated Memory Bias Based on Relative Weighting of Observed Outcomes

1) (2) (3 4)
Belief Dist. (Del., inv.)  Belief Dist. (Del., not inv.)  Belief Dist. (Imm., inv.)  Belief Dist. (Imm., not inv.)

In(t&5)2n ™ 0.599*** 0.473***
(0.07) (0.07)
—in(1%5)2n:t 0.341 0.147
(0.27) (0.36)
Constant -3.189*** 0.686 -1.880*** 1.830
(0.54) (1.81) (0.50) (2.02)
Session Yes Yes Yes Yes
N 73 18 73 19
R? 0.55 0.58 0.46 0.40

This table contains the coefficients and standard errors (in parentheses) of OLS regressions in which the dependent variable
is subjects’ belief distortion, D, measured by the difference between the posterior log-likelihood ratios of subjects’ elicited

probabilities and the objective Bayesian probabilities. As independent variables, we use the combination of the informativeness

of evidence (the log likelihood ratio In %) and the strength of evidence (n~ or nt) in our experimental situation, according

to Equations (B.2) and (B.3). Session is a dummy variable representing the different sessions of the experiment. Regression
coefficients represent parameters ¢~ and gt. We present the regression models for our treatments Delay (Del.) and Immediate
(Imm.) as well as for subjects who invested (yes) and who did not invest (no) separately. *, ** and *** denote significance at
the 10%, the 5%, and the 1% level, respectively.

We find that subjects who invested in the stock relatively underweight negative compared to positive
outcomes, resulting in overly optimistic beliefs. Regressions in Table 4 estimate ¢~ and g™. The table reports
results from regressions with subject’s belief distortion as dependent variable. As independent variable, we
use a combination of the informativeness of evidence (the log likelihood ratio In 1%90) and the strength of
evidence (n~ or n') in our experimental situation, according to Equations (B.2) and (B.3) and control
for session fixed effects. Thus, the regression coefficients represent our estimations for ¢~ and ¢t from
our model based on subjects’ relative under-weighting of negative and positive outcomes n~ and n* when
forming beliefs about the stock. The regressions are reported separately for subjects who invested and for
those who did not invest as well as across our two treatments Delay and Immediate.

Our results show that subjects who invested in the stock (columns 1 and 3) have a significantly positive
probability of under-remembering negative outcomes, and this probability is higher in the Delay condition
(59.9%, p < 0.001) than in the Immediate condition (47.3%, p < 0.001). Subjects who did not invest in the
stock (columus 2 and 4), do not display a significant probability to under-remember positive outcomes. This
is consistent with the proposed behavioral mechanism in our model as well as our previous results based on
subjects’ directly elicited memory bias (Table 3). Thus, we find that subjects’ belief distortion stems from
relatively under-remembering negative outcomes when forming beliefs about the stock. This finding does
not rely on a specific memory elicitation method. This finding and the observation that subjects’ elicited
memory bias is significantly correlated with their belief distortion is supportive of our Proposition 3.



D. Difference between Subjective and Objective Posterior

Table 5 reports mean values and T-tests for differences in means between subjects’ reported subjective
and objective (Bayesian) posteriors in the Delay condition of Experiment 1.

Table 5. Difference between Subjective and Objective Posterior in Experiment 1

Delay treatment
Y Mean Difference

(N =92)

Subjective posterior 58.01 8.16

Objecti teri = 0.004
jective posterior 49.85 (p )

(Bayesian)

E. T-Tests for Treatment Effects in Reinvestment and
Confidence

In this section we report mean values of subjects’ reinvestments and confidence levels as well as T-tests
for differences in group means between our conditions Delay and Immediate.

Table 6. Memory-Based Reinvestment Decisions

First choice Second choice
. Reinvestment
Investment N Reinvestment N N
(suboptimal)
1) (2) (3)
Immediate 80.41 97 46.15 78 20.51 78
Delay 80.43 92 64.86 74 41.89 74
Difference
p = 0.997 p = 0.020 p = 0.008
(T-test)

This table displays subjects’ investment decisions before (first choice) and after (second choice) observing the stock’s outcomes in
the Delay and Immediate condition of Experiment 1. Investment in stock is a dummy variable equal to one if the subjects chose
to invest in the stock.Reinvestment is a dummy variable equal to one if the subjects chose to reinvest in the stock. The table
reports mean values and T-tests for differences in group means between our conditions Delay and Immediate. Reinvestment
(suboptimal) is a dummy variable equal to one if the subject reinvested in the stock with a lower expected outcome than the
bond after the observation phase (second choice).

The results of Table 6 show that in Experiment 1, 41.9% of the subjects in the Delay condition reinvest
in the stock despite its lower expected outcome, while in the Immediate condition only half of this fraction
(20.5% of the subjects) reinvest in such a manner.

The results of Table 7 show that on average subjects in Experiment 3 bet 46.3 points in the Delay
condition despite the choice being suboptimal, while in the Reminder condition subjects only bet 31.5
points. Subjects bet on average 47% more given suboptimal decisions when they must rely on their memory
from last week (Delay condition) compared to the control group (Reminder condition).



Table 7. Memory-Based Betting

Second choice

. Points bet
Points bet N N
(suboptimal)
(1) (2)
Control (Reminder) 47.71 255 31.54 108
Delay 57.09 232 46.33 83
Difference
p = 0.001 p < 0.001
(T-test)

This table displays how many points subjects bet in the Delay and Reminder condition. Points bet is the number of points bet
on the optimality of own investment choice by subjects. Points bet (suboptimal) is the number of points bet suboptimally on
the optimality of own investment choice by subjects. The table reports mean values and T-tests for differences in group means
between our conditions Delay and Reminder.
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F. Evidence for Reinforcement Learning

In previous empirical work, it has been shown that investors engage in reinforcement learning, meaning
that they (i) repeat actions that generated previous gains and (ii) avoid actions that generated previous
losses. We find that subjects in our experiment behave in this way (see Table 8). The objective Bayesian
posterior (calculated based on all experienced outcomes of the subject) is significantly positively correlated
with subjects’ probability to reinvest. In other words, experienced positive outcomes increase subjects’
probability to reinvest, and experienced negative outcomes decrease their probability to reinvest.

Table 8. Subjective Memory and Reinvestment Decisions

() (2)

Reinvestment Reinvestment

Objective Probability  1.013™* 1.015**
(0.01) (0.01)
Treatment (Delay) 2.336™"
(0.85)
Session Yes Yes
N 184 152
Pseudo R? 0.03 0.08

This table contains the odds ratios and standard errors (in parentheses) of Logit regressions in which the dependent variable
is a dummy variable which is equal to one if the subject invested in the stock after the observation phase (second choice) in
Experiment 1. Treatment (Delay) is a dummy variable representing our treatment with 1 = Delay condition and 0 = Immediate
condition. Objective Probability is the value of the objective Bayesian probability that the stock is the good stock (from 1 to
100). Session is a dummy variable representing the different sessions of the experiment. *, ** and *** denote significance at
the 10%, the 5%, and the 1% level, respectively.
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G. Robustness Tests

In this Appendix section, we provide the detailed analyses for Section 7 in the main text. Table 9 and
Table 10 show robustness of the memory bias in Experiment 1 to different measures of the bias, namely
based on recalled fractions and the absolute difference between recalled positive and negative outcomes.

Table 9. Subjective Memory Bias based on the Recalled Fraction

) Difference
Delay Immediate
(if invested)
Invested Not invested Invested Not invested
T-test T-test T-test T-test T-test
(N =174) (N =18) (N=18) (N =18)
(1) (2) 3) (4) (5) (6) (7 (8) )
Positive
0.07 p = 0.000 0.01 p = 0.846 0.02 p = 0.042 -0.00 p =0.953 p =0.015
outcomes
Negative .
-0.07 p = 0.000 -0.01 p = 0.846 -0.02 p = 0.042 0.00 p = 0.953 p = 0.015
outcomes

This table displays subjects’ memory bias in the Delay and Immediate condition, seperately for subjects who invested in the
stock and subjects who did not invest in the stock, i.e., invested in the bond. Memory bias is estimated at the individual level
by subtracting the actual individually observed fraction of positive (negative) outcomes relative to the 12 observed outcomes
from subject’s recalled fraction of the stock’s positive (negative) outcomes relative to the 12 observed outcomes. The table
reports mean values and T-tests against the null hypothesis that the memory bias is zero (columns 1-8) and of differences in
group means between our conditions Delay and Immediate (column 9).

Table 10. Subjective Memory Bias based on the Recalled Absolute Difference

Difference
Delay Immediate Herence
(if invested)
Invested Not invested Invested Not invested
T-test T-test T-test T-test T-test
(N =174) (N =18) (N =18) (N =18)
(1) 2) () 4) (5) (6) () (8) 9)
Difference between
positive and negative 1.62 p = 0.000 0.16 p = 0.871 0.55 p = 0.045 -0.06 p = 0.927 p = 0.013

outcomes

This table displays subjects’ memory bias in the Delay and Immediate condition, separately for subjects who invested in the
stock and subjects who did not invest in the stock, i.e., invested in the bond. Memory bias is estimated at the individual level
by subtracting the actual difference between observed positive and negative outcomes from subject’s recalled difference between
the stock’s positive and negative outcomes. The table reports mean values and T-tests for differences in group means between
our conditions Delay and Immediate (column 9).

Table 11 shows that subjects’ risk preferences do not correlate with the memory bias in Experiment 1,
separately for positive and negative outcomes.
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Table 11. Subjective Memory Bias and Individual Risk Preferences

(1) (2)

Memory Bias (for Pos. Outcomes) Memory Bias (for Neg. Outcomes)

Risk Tolerance  -0.003 0.030
(0.05) (0.04)

Constant -0.136 -0.082
(0.43) (0.38)

Session Yes Yes

N 187 187

R? 0.06 0.03

This table contains the coefficients and standard errors (in parentheses) of OLS regressions in which the dependent variables are
subject’s memory bias for observed positive and negative outcomes. Both variables, Memory Bias (Pos. Out.) and Memory Bias
(Neg. Out.), are estimated at the individual level by subtracting the actual individually observed number of positive (negative)
stock outcomes from subject’s recalled number of the stock’s positive (negative) outcomes. Risk Tolerance represents subjects’
self-stated general risk preferences on a 10-point scale from 0 (lowest) to 10 (highest) (Dohmen, Falk, Huffman, Sunde, Schupp,
and Wagner, 2011). Session is a dummy variable representing the different sessions of the experiment. *  ** and *** denote
significance at the 10%, the 5%, and the 1% level, respectively.

Table 12. Robustness of Main Results to Individual Risk Preferences and Financial Literacy

(1) (2) (3) (4)

Belief Distortion  Belief Distortion  Investment (Subopt.)  Investment (Subopt.)

Memory Bias (for Pos. Outcomes)  0.427"** 1.607"**
(0.05) (0.21)
Memory Bias (for Neg. Outcomes) -0.528*** 0.635"**
(0.06) (0.09)
Risk Tolerance -0.019 -0.003 1.103 1.111
(0.04) (0.04) (0.08) (0.08)
Financial Literacy -0.155 -0.166 1.449 1.500
(0.21) (0.21) (0.62) (0.63)
Constant -0.046 -0.149 0.026*** 0.022***
(0.32) (0.31) (0.03) (0.03)
Session Yes Yes Yes Yes
N 181 181 187 187
R? 0.31 0.35
Pseudo R? 0.13 0.11

In columns 1 and 2 this table contains the coefficients and standard errors (in parentheses) of OLS regressions in which the
dependent variable is subjects’ belief distortion measured by the difference between the posterior log-likelihood ratios of subjects’
elicited probabilities and the objective Bayesian probabilities, Distortion. In columns 3 and 4 this tables contains the odds ratios
and standard errors (in parentheses) of Logit regressions in which the dependent variable is a dummy variable which is equal
to one if the subject invested in the stock with a lower expected outcome than the bond after the observation phase (second
choice), Invest (Subopt.). Memory Bias (Pos. Out.) represents subject’s memory bias for observed positive outcomes. This
variable is estimated at the individual level by subtracting the actual individually observed number of positive stock outcomes
from subject’s recalled number of the stock’s positive outcomes. Memory Bias (Neg. Out.) represents subject’s memory bias for
observed negative outcomes. This variable is estimated at the individual level by subtracting the actual individually observed
number of negative stock outcomes from subject’s recalled number of the stock’s negative outcomes. Risk Tolerance represents
subjects’ self-stated general risk preferences on a 10-point scale from 0 (lowest) to 10 (highest) (Dohmen et al., 2011). Financial
Literacy is a dummy variable equal to one for subjects who indicated the correct answer to a financial literacy question used
in Kuhnen (2015). Session is a dummy variable representing the different sessions of the experiment. *, ** and *** denote
significance at the 10%, the 5%, and the 1% level, respectively.

Table 12 shows that the key findings of Experiment 1 are robust to controlling for subjects’ self-reported
risk preferences as well as to measured financial literacy. Further, Table 13 reports the robustness of our
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findings in Table 2, by separately testing the significance of memory bias for subjects with different levels of
financial literacy.

Table 13. Subjective Memory Bias and Individual Financial Literacy

Financial Literacy Question Correct Financial Literacy Question Incorrect
Delay Immediate Delay Immediate
T-test T-test T-test T-test
(N =23) (N =15) (N =51) (N =62)
(1) (2) (3) (4) (5) (6) (7 (8)

Positive

1.04 p = 0.013 0.60 p = 0.108 0.82 p = 0.004 0.17 p = 0.252
outcomes
Negative

-0.78 p = 0.005 -0.60 p = 0.108 -0.71 p = 0.002 -0.19 p = 0.182
outcomes

This table displays subjects’ memory bias in the Delay and Immediate condition, separated by subjects’ financial literacy
measured in the post-questionnaire Kuhnen (2015). Memory bias is estimated at the individual level by subtracting the actual
individually observed number of positive (negative) outcomes from subject’s recalled number of the stock’s positive (negative)
outcomes. The table reports mean values and T-tests against the null hypothesis that the memory bias is zero.

Moreover, we find that subjects’ memory bias is not correlated with their financial knowledge (Table 14).

Table 14. Subjective Memory Bias and Individual Financial Literacy

(1) (2)

Memory Bias (for Pos. Outcomes)  Memory Bias (for Neg. Outcomes)

Financial Literacy 0.248 -0.217
(0.29) (0.25)

Constant -0.237 0.126
(0.38) (0.34)

Session Yes Yes

N 187 187

R? 0.06 0.03

This table contains the coefficients and standard errors (in parentheses) of OLS regressions in which the dependent variables are
subject’s memory bias for observed positive and negative outcomes. Both variables, Memory Bias (Pos. Out.) and Memory
Bias (Neg. Out.), are estimated at the individual level by subtracting the actual individually observed number of positive
(negative) stock outcomes from subject’s recalled number of the stock’s positive (negative) outcomes. Financial Literacy is
a dummy variable equal to one for subjects who indicated the correct answer to a financial literacy question used in Kuhnen
(2015). Session is a dummy variable representing the different sessions of the experiment. *, ** and *** denote significance at
the 10%, the 5%, and the 1% level, respectively.

Table 15 shows that our experimental findings from Experiment 1 are robust to the differences in timing
of the experimental tasks. We control for the order of tasks, which was randomized across subjects.

In addition, we included a NoRecall condition, in which subjects do not perform a memory elicitation task
as a control condition. This control condition allows us to identify potential effects of simply asking subjects
to recall investment outcomes. Table 16 indicates no significant difference in subjects’ beliefs or investment
decisions between the Delay and NoRecall condition (T-test, p = 0.714 and p = 0.343, respectively).
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Table 15. Robustness of Main Results to Timing in Immediate Condition

1) (2) (3) 4)

Belief Distortion  Belief Distortion  Investment (Subopt.) Investment (Subopt.)

Memory Bias (for Pos. Outcomes)  0.424*** 1.563***
(0.05) (0.19)
Memory Bias (for Neg. Outcomes) -0.525™*" 0.661***
(0.06) (0.09)
Timing -0.401 -0.544 0.140* 0.128*
(0.36) (0.35) (0.16) (0.14)
Constant 0.216 0.322 0.358** 0.353**
(0.24) (0.23) (0.15) (0.15)
Session Yes Yes Yes Yes
N 182 182 188 188
R? 0.31 0.35
Pseudo R? 0.12 0.10

In columns 1 and 2 this table contains the coefficients and standard errors (in parentheses) of OLS regressions in which the
dependent variable is subjects’ belief distortion measured by the difference between the posterior log-likelihood ratios of subjects’
elicited probabilities and the objective Bayesian probabilities, Distortion. In columns 3 and 4 this tables contains the odds ratios
and standard errors (in parentheses) of Logit regressions in which the dependent variable is a dummy variable which is equal
to one if the subject invested in the stock with a lower expected outcome than the bond after the observation phase (second
choice), Invest (Subopt.). Memory Bias (Pos. Out.) represents subject’s memory bias for observed positive outcomes. This
variable is estimated at the individual level by subtracting the actual individually observed number of positive stock outcomes
from subject’s recalled number of the stock’s positive outcomes. Memory Bias (Neg. Out.) represents subject’s memory
bias for observed negative outcomes. This variable is estimated at the individual level by subtracting the actual individually
observed number of negative stock outcomes from subject’s recalled number of the stock’s negative outcomes. Timing is a
dummy variable equal to one for sessions in which subjects in the Immediate condition perform the tasks in week ¢t and zero for
sessions in which subjects in the Immediate condition perform the tasks in week t+1. Session is a dummy variable representing
the different sessions of the experiment. *, ** and *** denote significance at the 10%, the 5%, and the 1% level, respectively.
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Table 16. Comparison of Subjective Beliefs and Choices between Delay and NoRecall

Delay NoRecall Differences
Mean N Mean N T-test
1) ) 3)

Subjective Probability 58.011 92 59.725 40 p =0.714
Investment in stock

0.565 92 0.475 40 p = 0.343
(second choice)
Investment in stock

0.544 92 0.435 40 p = 0.383

(second choice, suboptimal)

This table displays subjective beliefs as well as subjects’ investment choice after the observation phase (second choice) in the
Delay and NoRecall condition. Subjective beliefs are subject’s indicated probability that the observed stock is the good stock (1
to 100). Investment in stock is a dummy variable which is equal to one if the subject invested in the stock after the observation
phase (second choice); Investment in stock (suboptimal) is a dummy variable which is equal to one if the subject invested in
the stock with a lower expected outcome than the bond after the observation phase (second choice). The table reports mean
values and T-tests for differences in group means between our conditions Delay and NoRecall (column 3).
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H. Replication of the Findings of Experiment 1

Subjects exhibit a systematic bias in memory for their investment outcomes. They remember significantly
more positive and less negative outcomes than actually occurred. Further, the memory bias is related to
overly optimistic subjective beliefs about the investment and suboptimal reinvesting decisions.

Table 17 summarizes our findings from Experiment 2. The regression models include the full sample
of subjects in Experiment 2. Column 1 displays our treatment effect on subjects’ memory bias. We use
subjects’ memory bias for positive outcomes as dependent variable. The memory bias is estimated at the
individual level by taking the difference between each subject’s recalled number of positive outcomes in the
memory elicitation task and the actual observed number of positive outcomes. Note, in Experiment 2 we
forced subjects’ responses in the memory elicitation task to always add up to 12 outcomes (i.e., the true
number of outcomes observed). Thus, analyses using subjects’ memory bias for negative outcomes yield the
same finding as using positive outcomes. A treatment dummy variable serves as explanatory variable.

We find that after one week, subjects in the Delay group exhibit a significantly larger memory bias
for positive outcomes than subjects in the Immediate group. That is, across all experimental conditions,
subjects who were asked to recall their investment outcomes after one week, falsely remember on average
0.43 more positive outcomes than subjects who were asked immediately after the observation of investment
outcomes.

Table 17. Subjective Memory Bias, Beliefs, and Investment Decisions from Experiment 2

€] (2) 3)
Memory Bias (for Pos. Out.)  Subjective Probability = Re-Investment (Subopt.)

Treatment 0.433***
(0.13)
Memory Bias (for Pos. Outcomes) 2.880""" 0.162™
(0.51) (0.10)
Objective Probability 0.340***
(0.02)
Constant -0.206™* 40.030*** -0.927*%*
(0.09) (1.54) (0.17)
N 498 498 204
R? 0.02 0.29
Pseudo R? 0.01

This table contains the coefficients and standard errors (in parentheses) of OLS regressions in which the dependent variable
is subjects’ memory bias for observed positive outcomes Memory Bias (Pos. Out.), or the subjective posterior belief that the
stock is the good stock (from 1 to 100), Subj. Prob.. In addition, the table contains the odds ratios and standard errors (in
parentheses) of Logit regressions restricted to the sample of subjects for whom the previous stock has a lower expected outcome
compared to the alternative (new) stock in the second investment task and the dependent variable is a dummy variable which
is equal to one if the subject reinvested in the stock. Obj. Prob. is the value of the objective Bayesian probability that the
stock is the good stock (from 1 to 100). *, ** and *** denote significance at the 10%, the 5%, and the 1% level, respectively.

Column 2 shows that subjects’ memory bias is positively related to their subjective beliefs about the
investment (for a comparison to Experiment 1, see Table 3, column 1). We use subjects’ reported probability
that the stock is the good stock (between 0 and 100) as dependent variable and subjects’ memory bias for
positive outcomes as explanatory variable. We control for the correct Bayesian posterior that the stock is a
good stock given the information seen by the subject. The regression result shows that subjects’ beliefs are
on average 2.9% higher for each positive outcome they over-remember.

Column 3 shows that subjects’ memory bias is positively correlated with suboptimal decisions to reinvest
(for a comparison to Experiment 1, see Table 4, column 2 and 3). Note, in Experiment 2 subjects are
asked to choose between reinvesting in the stock they have observed and investing in a new randomly drawn
stock for further 12 periods. Risk-neutral subjects should invest in the observed stock if it has a higher
expected payoff than the new randomly assigned stock. The expected payoff of the observed stock can be
evaluated using one’s posterior belief, and the expected value of the new stock can be calculated from the
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given underlying distribution. The table reports the result of a Logit regression. We restrict the sample to
subjects for whom the previous stock has a lower expected outcome compared to the alternative (new) stock
in the second investment task. The dependent variable is a dummy variable equal to one for subjects who
chose to invest in the previous (suboptimal) stock and zero when choosing the new stock. Subjects’ memory
bias for positive outcomes is used as the explanatory variable. We find that subjects who recollect a higher
number of positive outcomes than actually occurred have a marginally significantly higher probability to
reinvest in the stock suboptimally. In other words, subjects’ probability to reinvest suboptimally increases
by 16.2% with each positive outcome they over-remember. In total, 35% of subjects invest in the asset
despite its lower expected outcome.

Table 18. Subjective Memory Bias in Experiment 3 (for pos. and neg. outcomes separately)

Delay treatment Mean Memory Bias i

. - One-sided T-test
(N = 233) in Delay condition
For Pos. Outcomes 0.26 p = 0.061
For Neg. Outcomes -0.26 p = 0.061

This table displays subjects’ mean memory bias for positive and negative outcomes (compared to the true number of outcomes
observed) in the Delay condition in Experiment 3. Memory bias is estimated at the individual level by subtracting the actual
individually observed number of positive/negative outcomes from subject’s recalled number of the stock’s positive/negative
outcomes. The table reports mean values and one-sided T-test results against the null hypothesis that the memory bias is zero.

Further, Table 18 shows that we replicate subjects’ memory bias in Experiment 3. The memory bias is
reported separately for positive and negative outcomes. Note, in Experiment 3 we forced subjects’ responses
in the memory elicitation task to always add up to 12 outcomes (i.e., the true number of outcomes observed).
Thus, subjects’ memory bias for positive and negative outcomes yield the same finding, just with opposite
signs.
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I. The Role of Anticipated Regret

Table 19 reports the relation between subjects’ memory bias and proneness to regret. We use subjects’
memory bias for positive outcomes as dependent variable. An index variable based on subjects’ responses
to the five items measuring proneness to regret serves as independent variable. We find that subjects’
memory bias for positive outcomes is not significantly correlated with subjects’ proneness to regret. The
index variable is not significantly correlated with the memory bias when exploring the total sample (column
1) nor when restricting the sample to subjects who participated in each of the three experimental conditions
separately (columns 2-4).

Table 19. Memory Bias and Subjects’ Anticipated Regret

(1) (2) (3) (4)

Memory Bias - total sample  Memory Bias - Baseline = Memory Bias - HighStakes =~ Memory Bias - NoChoice

Regret -0.015 -0.067 -0.024 0.074
(0.08) (0.13) (0.14) (0.17)
Constant  0.067 0.359 0.038 -0.308
(0.29) (0.44) (0.49) (0.60)
N 490 178 154 158
R? 0.00 0.00 0.00 0.00

This table contains the coefficients and standard errors (in parentheses) of OLS regressions in which the dependent variable
is subject’s memory bias for observed positive outcomes Memory Bias (for Pos. Outcomes). The three regression models in
column 2, 3, and 4 restrict the sample to subjects who participated in each of the experimental conditions respectively. Regret
is an index variable based on subjects’ responses to five items measuring proneness to regret (Schwartz, Ward, Monterosso,
Lyubomirsky, White, and Lehman, 2002). *, ** and *** denote significance at the 10%, the 5%, and the 1% level, respectively.
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