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Abstract
This paper utilizes data on subjective probabilities of stock market returns from the Health and
Retirement Study that was fielded in 2008 to study the impact of the crash on households’
expectations about the one-year returns on the stock market index. Using a structural model that
separates survey noise from relevant heterogeneity, we estimate the effect of the crash on the
population average of expected returns, the population average of the uncertainty about returns
(subjective standard deviation), and the cross-sectional heterogeneity in expected returns.
Interviews in the survey were distributed February 2008 through February 2009, in a way that is
uncorrelated with previous stock market expectations. We use the interview date for identifying
the short-run effects of the stock market crash that took place in September. We find no
significant effect on the population average of expectations, but we do find a moderate increase
in average uncertainty. A robust finding is that cross-sectional heterogeneity in expectations
increased substantially with the crash. We document the co-movement of heterogeneity and
stock market volatility in general, and we provide some evidence that the crisis increased
heterogeneity even more than what the large increase volatility would have implied. The effects
are found to be largest among stockholders, those who follow the stock market and those with
higher than average cognitive capacity. These results underline the importance for understanding
the sources and consequences of heterogeneous expectations.
___________
* Support from the National Institute of Aging grants PO1 AG026571 and RO3 AG29469) is gratefully
acknowledged.

1. Introduction
The stock market crash of 2008 and the subsequent financial crisis constitute a rare episode
whose scope and implications fall outside the life experience of American households. Whether
and how those events affect people’s expectations is an important question. To the extent that
expectations guide investment behavior, substantial changes in expectations due to the financial
crash can lead to substantial changes in investment. Besides average beliefs of “the
representative household,” the crisis may have an impact on heterogeneity of such beliefs.
This study uses data from the 2008 wave of the Health and Retirement Study (HRS) to study the
impact of the crisis on people’s expectations. Using a structural model that incorporates survey
noise, we estimate the effect of the crash on the population average of expected returns, the
population average of uncertainty about returns (the subjective standard deviation), and
heterogeneity in expected returns. The measurement strategy makes use of the fact that the
respondents of HRS-2008 answered the survey during twelve months in 2008 and 2009. Figure 1
shows the time series of the Dow Jones Industrial Average over the course of the sampling
period, February 2008 through February 2009. Besides the level of the index (daily closing
levels), Figure 1 shows daily volatility (the standard deviation of daily log returns over 30-day
periods). The stock market started to decline in June, volatility started to increase in August, the
crash hit in early October, and volatility peaked in early October as well. November saw a
decrease in volatility and no recovery of the levels.
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Figure 1. Level of the Dow Jones Industrial Average (daily closing) and volatility of log returns
(standard deviation of daily log returns over 30-day periods) in the sampling period of HRS 2008
(February 2008 through February 2009).
We identify the effect of the crisis from the date of the interview: some of the respondents of
HRS-2008 answered the survey before the stock market crash in September, while others are
answering it after. The first identifying assumption is the exogeneity of interview date. We show
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that the date of interview is largely independent of the respondents’ past expectations about the
stock market. The second identifying assumption is that observed changes in the probability
answers are due to changes in relevant expectations as opposed to changes in survey response
behavior. Since the questions are asked within the framework of the same survey with the same
circumstances and incentives, we find this assumption reasonable.
The crisis may affect the population average of expected returns for various reasons. If people
are unsure about the moments of the returns process, they may use recent realizations to update
their beliefs. In such a case, the crash would have a negative effect. If, on the other hand, people
believe in mean reversion in stock market prices, the effect may be of opposite sign. Of course,
people may not want to update their beliefs if they don’t learn from the returns. Heterogeneity in
the effect of the crash on household expectations of future returns means that the average change
in expected returns after the crash could go either way. Using within-year variation in interview
dates in HRS 2002, Kezdi and Willis (2008) document that in their subsample (55 to 65 year-old
individuals dealing with their households’ finances), expectations track recent changes in the
level of the stock market index. According to their estimates, in 2002, it took a five hundred
point gain in the Dow Jones to generate a one percentage point gain in expected yearly returns.
With such a relationship, expected returns of respondents in November 2008 should be more
than five percentage points lower than expected returns of respondents two or three months
earlier. On the other hand, the financial crisis of 2008 may have affected people’s expectations in
qualitatively different ways than the more gradual changes witnessed in 2002.
The effect of the crisis on average uncertainty is more predictably positive. Stock market risk
increased dramatically, as shown by the trend in empirical volatility on Figure 1. Even those who
do not follow the stock market could become more uncertain about the future of the economy in
general, and the stock market in particular, as general uncertainty has been “in the air”
throughout the crisis.
The crisis may also affect the cross-sectional heterogeneity in households’ beliefs. Heterogeneity
and potential subjectivity of people’s beliefs about future stock market returns has been the focus
of recent developments finance theory (see Hong and Stein (2007) for an overview about
disagreement models in finance). Harris and Raviv (1993) and Kandel and Pearson (1995) show
that public announcements increase disagreement about the fundamental value of assets if people
interpret the news in different ways (see also Kondor, 2005). As Hong and Stein (2007) observe,
this pattern is precisely the opposite of what one would expect based on a simple rationalexpectations model with common priors, where public information should have the effect of
reducing disagreement, rather than increasing it. Similar mechanisms may increase disagreement
after the stock market crash as well. Dominitz and Manski (2005), for example, imagine that the
population is a mix of people who believe in the random walk hypothesis, who believe in the
mean reversion of stock-prices and who believe in the momentum of trends on the financial
markets. When the crash hit the economy, and the stock prices lost value substantially, these
people should have interpreted its implications in different ways, and consequently the
disagreement among them should have increased.
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We provide descriptive evidence, and we estimate a structural model in this paper. Our results
imply that the average level of expectations remained largely unaffected by the crash of the stock
market. At the same time, average uncertainty seems to have increased, which may be the result
of increased stock market volatility. Our most robust is the result that cross-sectional
heterogeneity in expected returns, an indicator of the amount of disagreement, increased
substantially with the stock market crash. We document the co-movement of heterogeneity and
stock market volatility in general, and we provide some evidence that the crisis increased
heterogeneity even more than what the large increase in volatility would have implied. The
effects are found to be largest among stockholders, those who follow the stock market and those
with higher than average cognitive capacity.
The results on population averages alone would be broadly consistent with fully informed and
rational decision makers who believe in efficient markets and share a common belief that the
same stochastic process that generated historical returns will continue to operate in the future.
That is, the lack of effect on the level of expectations might be expected for a sophisticated
person who had absorbed the message of Burton Malkiel’s best-selling Random Walk Down
Wall Street (Malkiel, 1973, 2007 ninth edition). This interpretation is also consistent with the
estimated effects on average uncertainty: it responds to increased empirical volatility but the
crash brings no extra uncertainty. These explanations, however, are not able to account for the
substantial heterogeneity in beliefs and the large effect of the crisis on the amount of
heterogeneity that we find. Our finding suggests that there is heterogeneity in the cognitive
processes (or mental models) people use to convert public news into personal probability beliefs,
in accordance with some of the disagreement literature we mentioned above. The result of no
average effect may thus mask a wide distribution of effects of opposing signs.
Our findings are consistent with recent empirical investigations that show substantial
heterogeneity in stock market expectations of individual investors (Vissing-Jorgensen, 2003) as
well as households (Dominitz and Manski, 2005; Kezdi and Willis, 2008). Kezdi and Willis
(2008) estimate heterogeneity in both subjective expected value and uncertainty, and they show
that heterogeneity in expectations is strongly related to heterogeneity in stockholding. They also
show evidence for causality running (at least in part) from expectations to investment behavior.
This paper contributes to this empirical literature both by its substantive results and by providing
an application of the structural model of Kezdi and Willis.
2.

Data

In this paper, we analyze stock market expectations using data from HRS-2008, building on an
econometric model developed by Kezdi and Willis (2008) that uses stock market expectation
data from HRS-2002. Before turning to our analysis, it is helpful to provide some background
on the evolution of HRS stock market expectation questions.
In 2002, HRS introduced probabilistic expectations questions about returns in the stock market to
the battery of subjective expectation questions that have been asked in HRS since it began in
1992. One motivation for adding these questions is that expectations about stock returns are a
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key component in determining retirement saving and portfolio choice. In addition, stock market
expectations are of methodological interest because the history of stock returns and their daily
realizations are public information, enabling researchers to investigate how news affects the
updating of beliefs without the need to adjust for differences in private information.
Like other HRS probability questions, stock market expectations are asked as a percent chance
based on a “0” to “100” scale where the respondent is told that:
"0" means that you think there is absolutely no chance, and "100" means
that you think the event is absolutely sure to happen.

The instruction goes on to say,
For example, no one can ever be sure about tomorrow's weather, but if
you think that rain is very unlikely tomorrow, you might say that there
is a 10 percent chance of rain. If you think there is a very good chance
that it will rain tomorrow, you might say that there is an 80 percent
chance of rain.

Beginning in 2002, the HRS introduced a question about stock market expectations that has been
asked in every wave of HRS since 2002. We call this the p0 question. It reads:
We are interested in how well you think the economy will do in the next
year. By next year at this time, what is the percent chance that mutual
fund shares invested in blue chip stocks like those in the Dow Jones
Industrial Average will be worth more than they are today?

In 2002, HRS also asked the p10 question:
By next year at this time, what is the chance they will have grown by
10 percent or more?

In 2004 and 2006 only the p0 question was asked.
Like other HRS subjective probability questions, many answers to the HRS stock market
questions are heaped on “50” (Hurd and McGarry, 1995) and, unlike most other probability
questions, a substantial number of people fail to answer the stock expectation questions at all. A
number of researchers have suggested that “50” is an indicator of “epistemic uncertainty” or
imprecise probability beliefs (Fischhoff and Bruine de Bruin, 1999; Lillard and Willis, 2001).
Of course, it is also possible that some people who answer “50” mean that the event in question
has a 50 percent chance of occurring or that they think that the probability falls within some
range such as 40-60 percent and give “50” as rounded approximation (Manski and Molinari ,
2008).
Beginning in 2006 the HRS added an “epistemic” follow-up question to several probability
questions, including the p0 question, to help understand the meaning of “50” answers:
4

Do you think that it is about equally likely that these mutual fund
shares will increase in worth as it is that they will decrease in worth
by this time next year, or are you just unsure about the chances?

We now turn to a discussion of the 2008 data that we use in this paper.
In 2008, HRS continued to ask the “epistemic” follow-up to persons who answered 50 to po . For
those who responded to po and, if they answered “50”, indicated that the shares were equally
likely to increase or decrease in value, HRS added a follow-up question:
By next year at this time, what is the chance they will have grown by x
percent or more? (For negative values of x: By next year at this time,
what is the chance they will have declined by -x percent or more?)

where the probability of a gain of x per cent or a loss of –x percent is randomly assigned from
the set of {-40, -30, -20, -10, +10, +20, +30, +40}. 1 We denote the answer to this question as
p x + if the random value of x is positive and as p x − if it is negative.
We use the 2008 wave of the Health and Retirement Study. The sample consists of 17,217
individuals from 11,897 households. We restricted the sample to those 14,735 persons who
participated in the last three waves of HRS, when the sample was refreshed by a new, younger
cohort. The average age is 69 years, and 90 percent of the sample is aged 55 to 89 years old. 53
percent of the interviews were made in the spring of 2008, 33 percent in the summer and 13
percent after September.
As we highlighted earlier, an important identifying assumption in analyzing the effect of the
crisis is the exogeneity of the date of the interview. The interview date, however, was not
randomly assigned. The HRS released the names of all sample households to its national field
staff of interviewers at the beginning of the field period in March, 2008. Interviews were then
completed in a sequence determined by each interviewer in consultation with regional field
supervisors over the entire field period which ended in January, 2009. Sample members who are
hardest to locate, most difficult to schedule and most reluctant to be interviewed tend to receive
interviews relatively late in the field period. Ultimately, over 90 percent of eligible sample
members were interviewed. In order to see whether selection into interview date may be
correlated with stock market expectations, we check how expectations in previous waves vary
with the interview date in 2008. Figure 2 shows the answers to the 2004 and 2006 p0 questions
and their confidence intervals by the interview date in 2008.

1

Randomization of x was not complete in the survey: those who gave 0 percent for the p0 question were assigned to
get a random x with x<0 but not x>0, while those who answered p0=100 percent were assigned to get a random x
with x>0 but not x<0.
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Figure 2. Answer to p0 in 2004 and 2006 by month of interview in 2008. Average answers with
95% confidence intervals
We see a considerable widening of the confidence intervals after October 2008. This is due to a
large decline in the number of respondents, from around 600 to 145 by January 2009. Past survey
answers to the p0 questions show no clear pattern with respect to interview date in 2008. While
the 2004 answers exhibit a mild increase for the October 2008 respondents and a steady decline
for later respondents, the 2006 show nothing for the October respondents, and, if anything, an
increase for later respondents.
Figure 3 shows the average and the standard deviation of the answers to the po question by
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Figure 3. Answer to p0 in 2008 by month of interview in 2008. Average and standard deviation
of the answers, each with 95% confidence intervals.
Perhaps surprisingly, the effects of the stock market crash on the average of the probability
answers do not seem to be robust. The average of the p0 answers show a statistically significant
decline for early summer (when the Dow started its decline), bounced back in August (when the
decline of the Dow stopped), and declined again in September. Surprisingly, however, it
increased considerably in October but that increase seems to have been temporary, although later
changes are hard to assess because of the wide confidence intervals.
In contrast, the heterogeneity of the p0 answers shows a clear pattern: it increased significantly
right around the stock market crash, and it remained high afterwards.
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Finally, Figure 4 shows the fraction of missing answers among all respondents, and the fraction
of those fifty answers that reflect ignorance (“unsure”) among all valid (non-missing) answers.
Since the vast majority of missing answers are “don’t know” answers, one can interpret those as
reflecting large uncertainty as well (see Kezdi and Willis, 2008, for additional justification for
this interpretation). Perhaps surprisingly, the descriptive results suggest that the stock market
crash did not bring about more uncertainty on average, at least not in the form of more “don’t
know” or “unsure” answers.
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Figure 4. Fraction of missing answers to the p0 question and the fraction of “not sure” answers in
2008, by month of interview in 2008. Each with its 95% confidence intervals.

3. Structural estimation

Answers to specific probability questions can show interesting patterns (or the lack of them), but
the probabilities themselves are rarely the objects of interest. In particular, standard portfolio
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choice models include first and second moments of the (perceived) distribution of future returns
as opposed to the probabilities themselves. Variation in the level of p0 answers may be
informative about variation in subjective means, but subjective variances are even harder to
recover. With the help of additional distributional assumptions, however, answers to two
probability questions can help identify the subjective mean and variance of the returns.
Recall that the object of interest is the distribution of the one-year-ahead returns of the stock
market as viewed by the respondent. If we assume that people believe that distribution of
percentage returns is normal, two points in the subjective distribution identify the entire
distribution and thus both the mean and the variance. Figure 8 shows a normal c.d.f. that is
identified by the two points. The figure depicts the case where mean of log returns is 0.07 and
standard deviation is 0.15, numbers close to the post-war moments of nominal yearly log returns
on the Dow Jones (ending with year 2007). The probability of positive returns is around 68 per
cent (1–0.32), while the probability of returns of at least 20 per cent (0.2) is around 20 per cent
(1–0.80). A respondent with the postwar-pre-2008 distribution in mind would answer p0 to be 68
per cent and p20 to be 20 per cent.

Figure 5. Standard normal c.d.f. (mu=0.07, sig=0.15), with p0 and p20 shown.
Using answers to the two probability questions, one can in principle derive the mean (μ) and the
standard deviation (σ) of the beliefs of individual i. Intuitively, the mean is identified from the
level of the answers, while the standard deviation is identified from the distance between the two
answers (larger distance means smaller variance). Formally, we can take inverse of the
appropriate probabilities:
⎛μ
p0i = Φ ⎜ i
⎝ σi

⎞
⎟,
⎠

⎛ μ − x /100 ⎞
p x + ,i = Φ ⎜ i
⎟
σi
⎝
⎠
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⎛ x /100 − μi
p x − ,i = Φ ⎜
σi
⎝

⎞
⎟,
⎠

where, p0 is the answer to the probability of positive returns, px+ is the answer to the probability
of returns at least x per cent, and px– is the answer to the probability of losses of at least x per
cent. Note that mean-preserving spread in uncertainty (σi) pushes the probabilities towards 0.5,
because an increase in σi moves the index towards zero. This is very much in line with the casual
interpretation of a "fifty-fifty" answer as reflecting ignorance. Using the example of positive x
returns, inverting the probabilities would give this simple nonlinear but exactly identified system
of two equations in two unknowns (μi and σi):

Φ −1 ( p0i ) =

μi
,
σi

Φ −1 ( px + ,i ) =

μi − x /100
,
σi

Unfortunately, survey answers to the probability questions are not suited for such a direct
transformation at the individual level. Survey responses are the results of individual behavior
under circumstances that differ from circumstances when making an actual investment decision.
There is considerably less time allowed, and there are practically no incentives to get the answers
right. Therefore, we would be wrong to assume that answers are equivalent to the probabilities
that represent people’s subjective return distribution which forms the basis for their investment
decisions.
We can think of survey answers to probability questions as variables that contain considerable
amount of non-standard noise. The histogram of the answers reveals pervasive rounding. Kezdi
and Willis (2008) document additional evidence for survey noise. Many respondents give the
same answer to the two probability questions, and quite a few give answers that contradict basic
laws of probability ( px + > p0 or, in 2008, p 0 + p x − > 1 ). Kezdi and Willis (2008) argue that such

answers are due primarily to question-specific survey noise due to inattention. The sample from
HRS 2002 has the fortunate element that some respondents answered the same pair of p0 and
px (there px = p10 for all) questions twice in the course of the survey, some twenty minutes and
many questions apart. The distribution of the answers to the same question (say, p0 and p0' ) is the
same, but their correlation is low, below 0.5. Kezdi and Willis (2008) show that neither the level,
the absolute value nor the square of the “test-retest error” (the difference in the answers to the
same question) is related to any observable variable, including stockholding.
Following Kezdi and Willis (2008) and in line with the observed characteristics of survey noise,
we model the survey noise in two steps. First, we assume that instead of μi, the answers are based
on μi+vji, where vji is a mean-zero additive noise variable specific to question and individual.
Variance of v is assumed to be a constant fraction of uncertainty (σi; see more on this assumption
later), and the noise terms can be correlated across questions Corr(vij,vik)=ρ. Second, we consider
interval responses instead of the reported probabilities themselves. If the reported probability (pij)
is in a pre-specified interval or ‘bin’ [b1,b2] then the “true” probability (including the noise
component vij) is assumed to be in the same bin but not necessarily the reported probability
itself. One consequence of that assumption is that a round answer can represent any expectation
that would lead to probabilities around the particular round number.
9

The two assumptions are combined to
(1)
(2)
(3)

⎛ μ +v ⎞
p0i ∈ [b1 , b2 ] ⇔ b1 ≤ Φ ⎜ i 0i ⎟ ≤ b2 ,
⎝ σi ⎠
⎛ μ + v − x /100 ⎞
px +i ∈ [b1 , b2 ] ⇔ b1 ≤ Φ ⎜ i x +i
⎟ ≤ b2 ,
σi
⎝
⎠
⎛ x /100 − μi − vx −i ⎞
px −i ∈ [b1 , b2 ] ⇔ b1 ≤ Φ ⎜
⎟ ≤ b2 ,
σ
i
⎝
⎠

where, as before, p0 is the probability of positive returns; p x + is the probability of returns at least
x per cent; and p x − is the probability of losses of at least x per cent.
Within this model, there is no one-to-one mapping from the observed probability answers (pij) to
the moments of interest (μi, σi). As a result, μi and σi are not identified at the individual level. At
the same time, the population moments (both unconditional and conditional moments) are
identified with the help of a structural model. Kezdi and Willis (2008) build a latent variable
model and estimate its parameters by Maximum Simulated Likelihood.
In this paper, we use a slightly modified version of that model. We specify heterogeneity in the
subjective mean and variance of returns by equations in two latent left-hand side variables μi, σi,
of the form
(4)
(5)

μi = α μ ' wi + β μ ' xi + γ μ zμi + ui
log (σ i ) = ασ ' wi + βσ ' xi + γ σ zσ i

In the equations, w is the vector of variables related to the stock market crash (quarter of
interview or stock market variables related to the date of interview); x is the vector of covariates
such as race, gender, age, education, and cognitive capacity; the z vectors are equation-specific
variables. zμ contains proxies for general optimism, while zσ contains proxies for general
uncertainty. Kezdi and Willis (2008) model portfolio choice jointly with expectations, but we do
not look at portfolio choice in this paper. Importantly, if the date of interview is exogenous, the
parameters of interest αμ and ασ are consistently estimated both with and without the other righthand side variables.
An important extension considered in this paper addresses the possibility of increased crosssectional heterogeneity in expectations, which may be labeled as disagreement. Disagreement
may be captured in two ways. First, in some specifications, we re-estimate the model in various
subsamples or allow for interactions. Second, we let unobserved heterogeneity in μ vary with the
date of the interview and/or events on the stock market. Variance in u (unobserved heterogeneity
in μ) measures the heterogeneity of expected returns among individuals who share the same x
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and zμ variables. Formally, we let the variance of u to be related to the stock market crash
variables denoted by w (quarter of interview or interview-date-specific stock-market variables):
(6)

log Std ( ui ) = η ' wi

Note that we assume that the survey noise (v0 and vx) did not change throughout the sampling
period. This is an important identifying assumption, and it implies that increased heterogeneity in
answers can be entirely attributed to increased relevant heterogeneity in expectations (as opposed
to increased survey noise). The assumption is motivated by the assumed independence of the
date of the interview and the fact that all respondents answered exactly the same questionnaire,
regardless of the date of the interview.
Equations (3) to (6) describe the parameters of interest as effects on (or correlations with) the
latent variables (μi, σi). Those latent variables are then mapped to the probability answers as
specified by the interval response model with additive question-specific noise components (v0
and vx) as described above. The model is completed by distributional assumptions on
unobservables u and v. Using data from HRS 2002, Kezdi and Willis assume joint normality,
independence of u and v, and Corr(v0,v10)=ρ. This correlation is a measure of how the survey
noises for the two subsequent probability questions are related. In 2008, the second probability
question was not the same for everybody. Instead, people were asked about the chance that
returns will be higher or smaller than x or -x, where x was randomized. One can argue that the
correlation can be different for different types of follow-up questions. As a consequence we
estimated two correlation coefficients, one for a “return higher than x” and one for a “returns
smaller than -x” type question.
Unfortunately the variance of the survey noise is not identified; what’s identified is the variance
of the sum of the noise (v) and the unobserved heterogeneity in μ (u). On the other hand, we can
use outside information to calibrate the noise variance. Kezdi and Willis (2008) estimate this
moment in two different ways. The first estimate uses the 2002 subsample with responses to the
same probability question asked twice (see above). The second estimate uses the fact that in their
structural model investment decision was also modeled. Because investment decision is
independent of survey noise by assumption, the moments of the noise could be identified in that
framework. Kezdi and Willis find that these two approaches give similar results. In this paper we
rely on their estimates for the noise variance, with some modification. While they assumed that
the noise variance is constant, we tried out several other specifications. Our preferred model is
the one where we assume that the noise variance is a constant fraction of the variance of the
subjective return. The reason for our deviation is that our sample is substantially more
heterogeneous than that of Kezdi and Willis. We estimated all our models in 3 different ways. In
the first specification we assumed that the standard deviation of the noise is a constant fraction of
uncertainty (σi). The motivation for this approach was the following. If Rn denotes the noisy
expected returns and R denotes the noiseless one, then in this framework the quotient of their
variances are kept constant: Var ( Rn ) / Var ( R) = Var (v) + σ 2 / σ 2 = c + 1 where c was calibrated

(

)

to be 0.85 using the test-retest data from 2002. In the second specification, we assumed that the
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standard deviation of the noise is a constant 0.4. This was the specification used by Kezdi and
Willis (2002). We will show evidence that in our more heterogeneous sample this specification
does not seem appropriate. Our third specification was a mixed model, where the standard
deviation of the noise was calibrated to be (0.2 + 0.45σi). Our preferred specification is the first
one, but we estimated all our models with all the 3 specifications. We will only provide here the
detailed sensitivity analysis for the basic estimations, but we will indicate in the text if the results
were sensitive to theses assumptions.
With these elements the model is complete and can be estimated using Maximum Likelihood.

4. Results

In this section we look at how structural measures of stock market expectations changed through
the sample period. Using the structural model outlined in the previous section, we estimate
changes in average μ (the subjective expected value of returns), average σ (the subjective
standard deviation of returns), and the standard deviation of u (unexplained heterogeneity in the
subjective expected value). We estimate those moments for four periods that roughly define four
quarters: February to May 2008 (the reference period, characterized by high level of stock
indices and low volatility); June to August 2008 (gradual decline, still relatively low volatility);
September to November 2008 (the stock market crash and subsequently low levels and high
volatility); and December 2008 to February 2009 (low levels with some further decline, and
lower volatility).
We first show results for the entire sample from two models, one with the quarter of the
interview as the only right-hand side variable, and one adding the full set of covariates. Recall
that our assumption of exogenous interview date implies that the coefficients on the quarter
dummies should be the same. The results are shown in table 1.
The estimates on the demographic covariates are broadly in line with the results of Kezdi and
Willis (2008). Women tend to have lower and more uncertain stock market expectations. African
Americans are more uncertain but do not differ in the level of their expectations, a finding
different from Kezdi and Willis. Hispanics are more uncertain and education decreases
uncertainty, but its effect on the level is not significant. Numeracy and memory, on the other
hand, increase μ, and people with higher numeracy scores have significantly smaller uncertainty.
Finally, general measures of pessimism (the subjective probability of economic recession in
2004 and 2006, and the depressive symptom variables in 2004 and 2006) are negatively related
to stock market expectations, and the proxy for general uncertainty is strongly positively related
to uncertainty about stock returns. The correlation between the survey noise components at a
“return higher than x” type follow-up question is positive and high. The correlation is practically
zero if the type of the follow-up question is “return lower than x.”
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Table 1. Quarter of interview and average subjective expected value of yearly stock returns (μ),
average subjective standard deviation (σ) and unobserved cross-sectional heterogeneity in
expectations (Std(u)). Results from structural regressions. HRS 2008.

June 08 to August 08
September 08 to November 08
December 08 to February 09

Without other covariates
μ
log(σ) log[Std(u)]
-0.014
0.045
0.012
[0.010]
[0.041]
[0.064]
0.017
0.183
0.43
[0.017]
[0.068]** [0.085]**
0.001
0.066
0.517
[0.053]
[0.188]
[0.221]*

Female
Single
Black
Hispanic
Age
Years of education
Numeracy score, 2008
Memory score, 2008
Does not follow the stock
market, 2008
P(recession), 2004-06
Depressive symptoms, 2004-06
Ratio of fifty answers, 2004-06
Constant

With other covariates
μ
log(σ) log[Std(u)]
-0.018
0.071
0.054
[0.009]*
[0.034]*
[0.083]
0.009
0.231
0.66
[0.017]
[0.061]** [0.095]**
-0.032
-0.004
0.603
[0.047]
[0.160] [0.227]**
-0.057
0.199
[0.009]** [0.033]**
-0.004
0.016
[0.010]
[0.036]
-0.02
0.515
[0.021]
[0.085]**
-0.003
0.395
[0.025]
[0.103]**
-0.002
-0.005
[0.000]** [0.002]**
0.004
-0.024
[0.002]*
[0.007]**
0.01
-0.086
[0.005]*
[0.017]**
0.014
0.026
[0.005]**
[0.018]
-0.058
0.103
[0.009]** [0.034]**
-0.003
[0.000]**
-0.018
[0.005]**
1.783
[0.191]**
-0.074
-0.621
-1.819
[0.006]** [0.024]** [0.059]**
-42393.327
9348
-0.079
0.604
0.185
0.514
-0.096
0.44

-0.059
-0.659
-1.484
[0.006]** [0.024]** [0.042]**
Log likelihood
-42896.056
Observations
9348
Mean[μ]
-0.062
Mean[σ]
0.538
Mean[Std(u)]
0.244
Mean[Std(v)]
0.457
Rho[v0,vx-]
-0.105
Rho[v0,vx+]
0.384
Standard errors in brackets. * significant at 5%; ** significant at 1%
Reference categories: Interview date March to May, male, non-Black and non-Hispanic, married.
The standard deviation of the noise, Std(v) is calibrated to be 0.85σi
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Coefficient estimates on the quarter of interview dummies are very similar across the two
specifications, but they are stronger in magnitude when covariates are controlled for. This
supports our main identifying assumption: the date of interview is approximately exogenous; or
if endogenous, it is correlated with unobservables in ways that bias the estimated effects of the
stock market crash towards zero. In that latter case our estimates provide lower bounds in
magnitude.
Turning to the major questions of this paper, we can see substantial differences in the effect of
the stock market crisis on the different aspects of expectations. Average optimism about stock
market returns was largely unaffected by the crisis. Expectations decreased somewhat during the
summer but returned to their previous levels afterwards. Average uncertainty about stock market
returns increased a little during the Fall (statistically significant only in the second specification),
but returned to its previous level afterwards. Heterogeneity in expectations, however, increased
substantially in the Fall and remained high afterwards. In the second specification the standard
deviation of the unobservables is smaller. The unconditional standard deviation of unobservables
is 0.19 in the second specification while 0.24 in the first specification. This is of course the
immediate consequence of controlling for a large set of covariates in the second specification.
We think of disagreement as heterogeneity of beliefs about the future returns. The large variation
in expectations along different demographic covariates is one form of disagreement. Later we
will refer to this as observed disagreement. Another form is the variation in unobservables that is
captured by its standard deviation, and what will be referred to as unobservable disagreement, or
within-group disagreement. In Table 1 we see that disagreement increased after the crash. The
estimated effect is somewhat larger in the specification with other covariates, which indicates
that the within-group disagreement must have increased somewhat more than the between-group
disagreement. Later we will test this hypothesis more formally.
Results in Table 1 are based on the assumption that the noise variance is a constant fraction of
uncertainty (σi). Table A1 in the appendix shows some sensitivity analysis of this assumption.
Note that the likelihood is largest for Model 2 (constant variance), followed by Model 3. We
prefer Model 1, however, because identification in the other models is weaker to the extent that
no interior maximum is found in many subsamples (e.g. among stockholders). Determinants of
the expected mean (μ) are not sensitive to these assumptions. Determinants of uncertainty (σ),
however, are not invariant to the assumptions about the noise: only the preferred proportional
model shows a significant increase in average uncertainty. Most importantly, the qualitative
result that disagreement increased after the crash is apparent in all specifications, but the effect is
the strongest in our preferred proportional model.
The main finding of the full-sample regressions is that heterogeneity in the level of expectations
increased with the crash and remained large until the end of the sample period. In the remainder
of the analysis we pool the first two quarters (pre-crash quarters, March to August 2008) and the
last two quarters (post-crash quarters, September 2008 to February 2009), and we focus on
differences between those two periods by fixing the pre-crash period as the reference category.
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Table 2 shows results from the structural model estimated without covariates, with covariates,
and with the covariates interacted with the post-crash dummy. In order for the constant of these
models to be comparable, all covariates are measured as deviations from their sample mean. The
table shows the parameters of major interest: the constant, the coefficient on the post-crash
dummy and some additional information. The full set of estimates is in the Appendix.
Table 2. Pre-crash and post-crash estimates of average subjective expected value of yearly stock
returns (μ), average subjective standard deviation (σ) and unobserved cross-sectional
heterogeneity in expectations (Std(u)). Results from the structural regressions. HRS 2008.

Post-crash dummy
Constant
Log likelihood
Observations

Post-crash dummy
Constant
Log likelihood
Observations

Without other covariates
μ
log(σ) log[Std(u)]
0.021
0.155
0.433
[0.016]
[0.064]* [0.078]**
-0.064
-0.642
-1.479
[0.005]** [0.019]** [0.035]**
-42898.547
9348

With other covariates
μ
log(σ)
log[Std(u)]
0.012
0.183
0.634
[0.016]
[0.057]** [0.085]**
-0.081
-0.595
-1.796
[0.005]** [0.021]** [0.050]**
-42398.651
9348

With other covariates and their
interactions with the post-crash
dummy
μ
log(σ) log[Std(u)]
-0.021
-0.727
0.641
[0.156]
[0.458] [0.086]**
-0.079
-0.59
-1.81
[0.007]** [0.024]** [0.050]**
-42379.963
9348

The first two models repeat the previous results in a more condensed way: the crash did not
affect the average level of expectations; it led to a moderate increase in average uncertainty; and
it led to a substantial increase in unobserved heterogeneity in the level of individual expectations.
The results from the model with the interactions show that it is indeed unobserved heterogeneity
that increased with the crash. The parameter estimates of this model shown in table 2 are very
close to those obtained without interactions. The full set of estimates shown in the Appendix
table A1 reinforce this conclusion: none of the post-crash interaction variables are statistically
significantly different from zero in the equation of μ. While the likelihood ratio test favors the
model with the interactions (p-value is 0.0004), the only strongly significant coefficient is on the
fraction of fifty answers, which serves as a proxy for general uncertainty and is excluded from
the equation of μ (that coefficient implies that uncertainty increased more among people who are
less uncertain in general). The results on the level of expectations (μ) imply that we cannot
identify groups whose expectations changed in a particular direction. Instead, it seems that all of
the increase in disagreement is due to within-group increases.
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A related but different question is whether we can identify groups in which disagreement
increased more than in others. Tables 3 to 5 show results from the models with covariates (but
without interactions) in various subsamples, but the tables include the constant and the post-crash
dummy only. (Right-hand side variables are again normalized to have zero mean within the
relevant subsample.)
We first look at stockholders versus not stockholders. The effect of the crash on the expectations
of households that invest in the stock market is more interesting from the viewpoint of asset
prices. Stockholding is defined at the household level. If there is more than one respondent from
the household, we consider all of them as stockholders. Stockholder households include those
that have stocks or mutual funds or in which at least one member has some of his or her
retirement accounts invested in stocks or mutual funds. Note that stockholding may be
endogenous to the financial crisis, but the results using the theoretically more valid pre-crash
stockholding are virtually identical to the results using the contemporaneous definition.
Table 3. Pre-crash and post-crash estimates of average subjective expected value of yearly stock
returns (μ), average subjective standard deviation (σ) and unobserved cross-sectional
heterogeneity in expectations (Std(u)). Results from the structural regressions for stockholders
and not stockholders separately, in HRS 2008.

Post-crash dummy
Constant
Log likelihood
Observations

Stockholders
μ
log(σ) log[Std(u)]
0.032
0.143
1.626
[0.020]
[0.070]* [0.500]**
-0.043
-0.613
-3.041
[0.009]** [0.035]** [0.493]**
-19195.563
4311

Not stockholders
μ
log(σ) log[Std(u)]
-0.01
0.213
0.318
[0.027]
[0.099]* [0.112]**
-0.132
-0.498
-1.178
[0.009]**
[0.033]** [0.047]**
-23020.748
5037

The results show that stockholders have substantially higher and less uncertain expectations,
consistently with standard portfolio choice models and similarly to the results found by Kezdi
and Willis (2008). While changes in μ and σ are similar in the two groups, heterogeneity reacted
to the stock market crash in different ways. Disagreement after September 2008 increased
especially among households that participate on the stock market. The increase was from
Std(u)=0.05 to 0.24. Heterogeneity among not stockholder households was substantially larger in
the pre-crash period (Std(u)=0.31) but increased only by a little with the crash, to 0.42. As a
result, unobserved heterogeneity in the two groups became closer in the post-crash period.
Next we look at the results for the better informed versus worse informed individuals. HRS 2008
asked how closely he or she follows the stock market. 8.5 per cent answered “very closely”, and
another 36 per cent answered “somewhat closely.” The rest answered “not at all” or did not
know or refused to answer. We merged the “very closely” and “somewhat closely” categories
and called the subsample “informed respondents.” The rest we call “uninformed respondents.”
Being informed and stockholding are of course correlated, but the correlation is far from being
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perfect. 70 per cent of stockholders follow the stock market (and 30 per cent do not), while 30
per cent of non-holders follow the stock market (and 70 per cent do not).
The results are very similar to the stockholder – not stockholder comparison. Changes in the
average level are insignificant in both groups and uncertainty increased significantly only among
the informed. Heterogeneity of expectations increased substantially and significantly in both
groups, but the size of the effect is three times larger among the informed. Overall, informed
people have significantly higher μ and lower σ.
Table 4. Pre-crash and post-crash estimates of average subjective expected value of yearly stock
returns (μ), average subjective standard deviation (σ) and unobserved cross-sectional
heterogeneity in expectations (Std(u)). Results from the structural regressions for informed
respondents (those who follow the stock market) and uninformed respondents separately, in HRS
2008.

Post-crash dummy
Constant
Log likelihood
Observations

Informed
μ
log(σ) log[Std(u)]
0.002
0.129
0.944
[0.018]
[0.064]* [0.136]**
-0.061
-0.608
-2.217
[0.007]** [0.029]** [0.107]**
-23728.074
5278

μ
0.025
[0.029]
-0.119
[0.009]**
-18581.285
4070

Uninformed
log(σ) log[Std(u)]
0.213
0.330
[0.115]
[0.134]*
-0.489
-1.277
[0.036]** [0.056]**

We also looked at cognitive capacity. High cognition respondents are defined to be those whose
average of the numeracy and memory score is above average, while low cognition respondents
are below average. Cognitive scores correlated with whether one follows the stock market, but
the correlation is not very strong (66 per cent of informed respondents are above average in
terms of cognitive scores, compared to 40 per cent of uninformed respondents).
Table 5. Pre-crash and post-crash estimates of average subjective expected value of yearly stock
returns (μ), average subjective standard deviation (σ) and unobserved cross-sectional
heterogeneity in expectations (Std(u)). Results from the structural regressions for respondents
with higher than average cognitive scores and lower than average cognitive scores, separately, in
HRS 2008.

Post-crash dummy
Constant
Log likelihood
Observations

High cognition
μ
log(σ) log[Std(u)]
0.009
0.183
1.294
[0.018]
[0.065]** [0.319]**
-0.081
-0.547
-2.792
[0.011]** [0.042]** [0.302]**
-21555.508
4848
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Low cognition
μ
log(σ) log[Std(u)]
0.014
0.224
0.442
[0.031]
[0.118] [0.124]**
-0.099
-0.525
-1.138
[0.013]**
[0.043]** [0.048]**
-20675.229
4500

Despite the relatively low correlation of cognitive scores and following the stock market, these
results are again close to the ones found there.
The final question we investigate is whether the changes brought by the stock market crash are
close to what one would predict by changes in the level and the volatility of the stock market
index. The question we seek to answer is whether the effect of the large increase in volatility on
beliefs after the crash could have been predicted from effects of volatility on beliefs estimated on
pre-crash data or whether the post-crash period was qualitatively different. We have chosen to
use the DJIA index, as it is one of the most commonly known stock market indices and is
mentioned explicitly in the HRS stock market expectation questions. Log returns were defined
as the monthly change in the log of the index. Volatility was defined as the standard deviation of
daily log-returns in the month before the interview.
The results show that while volatility and heterogeneity are strongly positively related,
disagreement after the crash increased more than predicted by increased volatility. The extra
increase in heterogeneity is 31 log points, or about half of the overall increase in disagreement
(63 log points, see table 2). However, the finding of this extra crash effect was sensitive to the
assumptions about the noise variance. (See the last paragraph of Chapter 3.) Using other
specifications we found no evidence for such an extra crash effect, and thus, those other models
suggest that the increase in disagreement can fully be explained by increasing volatility.
Table 6. The effects of recent returns and volatility of the stock market index, before and after
the crash. HRS 2008.

Post crash
Log returns (prev. month)

μ
0.006
[0.015]
0.135
[0.118]

Volatility (prev. month)
Log likelihood
Observations

log(σ)
0.081
[0.070]

7.807
[3.547]*

log[Std(u)]
0.314
[0.124]*
-0.738
[0.947]
19.931
[5.998]**

-42387.7
9348

5. Conclusions and directions for future research

Using survey data on households’ subjective probability beliefs about the one-year-ahead return
on the Dow Jones stock market index, we built a structural model that can estimate relevant
heterogeneity in subjective expectations and incorporates survey noise at the same time. Using
that model, we estimated the effect of the crash on the population average of expected returns,
the population average of the uncertainty about returns (subjective standard deviation) and
heterogeneity in expected returns.
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The results do not show a robust effect of the crash on the population average of expectations.
They do provide some evidence for increased average uncertainty, and are roughly in line with
what one would expect with the observed increase in return volatility. Our most interesting
finding is that cross-sectional heterogeneity in expectations increased with the crash. The
increase is larger than what observed returns and volatility would have implied.
This finding suggests that there is heterogeneity in the cognitive processes (or mental models)
people use to convert public news into personal probability beliefs, consistent with the models of
Harris and Raviv (1995) and Kandel and Pearson (1993). That is, the “no average effect” we find
might reflect the average across some people with a model of “mean reversion” who think postcrash returns will be unusually high, others with a “momentum model” who think returns will be
unusually low along with “random walkers” who think the future will be like the past.
Future research will incorporate new data from the post-crash internet survey of HRS in 2009.
That survey will contain stock market expectations of a large subset of the respondents on 2008,
in the form of three questions: the probability of positive returns (p0), the probability of a stock
market gain of 20 percent or more (p20+) and the other about the probability of a loss of 20
percent or more (p20-). The ability to measure within-person variation in probability answers
from before and after the crash will allow us to investigate heterogeneity in the way in which
people convert public news about stock prices, government policy and economic conditions into
updated personal probability beliefs about one-year-ahead stock returns.
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Appendix
Table A1. Sensitivity analysis for the assumptions about the variance of the noise
Model 1
proportional noise variance1
μ
log(σ) log[Std(u)]
June 08 to
-0.018
0.071
0.054
August 08
[0.009]* [0.034]*
[0.083]
September 08 to
0.009
0.231
0.660
November 08
[0.017] [0.061]** [0.095]**
December 08 to
-0.032
-0.004
0.603
February 09
[0.047]
[0.160] [0.227]**
Female
-0.057
0.199
[0.009]** [0.033]**
Single
-0.004
0.016
[0.010]
[0.036]
Black
-0.020
0.515
[0.021] [0.085]**
Hispanic
-0.003
0.395
[0.025] [0.103]**
Age
-0.002
-0.005
[0.000]** [0.002]**
Years of
0.004
-0.024
education
[0.002]* [0.007]**
Numeracy score
0.010
-0.086
[0.005]* [0.017]**
Memory score
0.014
0.026
[0.005]** [0.018]
Does not follow
-0.058
0.103
the stock market [0.009]** [0.034]**
P(recession)
-0.003
[0.000]**
Depressive
-0.018
symptoms
[0.005]**
Ratio of fifty
1.783
answers,
[0.191]**
Constant
-0.074
-0.621
-1.819
[0.006]** [0.024]** [0.059]**
Log likelihood
-42393
Observations
9348
Mean[μ]
-0.079
Mean[σ]
0.604
Mean[Std(u)]
0.185
Mean[Std(v)]
0.514
Rho[v0,vx-]
-0.096
Rho[v0,vx+]
0.440

Model 2
constant noise variance2
Μ
log(σ) log[Std(u)]
-0.016
0.018
0.024
[0.009]
[0.016]
[0.041]
0.011
0.013
0.284
[0.015]
[0.023] [0.054]**
-0.023
-0.068
0.241
[0.046]
[0.072]
[0.162]
-0.060
0.107
[0.009]** [0.012]**
0.007
-0.049
[0.010] [0.013]**
0.027
-0.051
[0.013]* [0.019]**
0.026
-0.079
[0.018] [0.024]**
-0.002
-0.003
[0.000]** [0.001]**
0.001
0.005
[0.002] [0.002]*
0.009
0.021
[0.005] [0.006]**
0.013
0.037
[0.005]** [0.007]**
-0.057
0.006
[0.009]** [0.012]
-0.003
[0.000]**

Model 3
mixed noise variance3
μ
log(σ) log[Std(u)]
-0.017
0.046
0.078
[0.009]
[0.026]
[0.075]
0.011
0.062
0.497
[0.015]
[0.039] [0.084]**
-0.024
-0.087
0.437
[0.045]
[0.112]
[0.221]*
-0.060
0.164
[0.009]** [0.020]**
0.008
-0.070
[0.009] [0.021]**
0.027
-0.009
[0.013]* [0.031]
0.025
-0.055
[0.017]
[0.040]
-0.002
-0.005
[0.000]** [0.001]**
0.000
0.004
[0.002]
[0.004]
0.009
0.008
[0.005]
[0.011]
0.011
0.058
[0.005]* [0.011]**
-0.056
0.025
[0.009]** [0.020]
-0.003
[0.000]**

-0.015
[0.005]**

-0.014
[0.005]**

1.002
[0.062]**
-0.056
-0.639
-1.272
[0.006]** [0.019]** [0.059]**
-42305
9348
-0.061
0.536
0.295
0.400
-0.366
0.242

1.727
[0.110]**
-0.057
-0.664
-1.628
[0.005]** [0.020]** [0.069]**
-42352
9348
-0.061
0.538
0.218
0.442
-0.119
0.390
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1

The standard deviation of the noise, Std(v) is calibrated to be 0.85σi.; 2 The standard deviation of the noise, Std(v)
is calibrated to be 0.4.; 3 The standard deviation of the noise, Std(v) is calibrated to be 0.2 + 0.45σi.

Table A2. Detailed estimates from the models summarized in Table 2.

Post-crash dummy
Female
Single
Black
Hispanic
Age
Years of education
Numeracy score, 2008
Memory score, 2008
Does not follow the stock
market, 2008
P(recession), 2004-06
Depressive symptoms, 2004-06
Ratio of fifty answers, 2004-06

With other covariates
μ
log(σ) log[Std(u)]
0.012
0.183
0.634
[0.016]
[0.057]** [0.085]**
-0.057
0.199
[0.009]** [0.033]**
-0.003
0.014
[0.010]
[0.036]
-0.019
0.510
[0.021]
[0.085]**
-0.002
0.393
[0.025]
[0.103]**
-0.002
-0.005
[0.000]** [0.002]**
0.004
-0.024
[0.002]*
[0.007]**
0.010
-0.086
[0.005]*
[0.017]**
0.014
0.025
[0.005]**
[0.018]
-0.058
0.101
[0.009]** [0.034]**
-0.003
[0.000]**
-0.018
[0.005]**
1.781
[0.191]**

Post-crash × Female
Post-crash × Single
Post-crash × Black
Post-crash × Hispanic
Post-crash × Age
Post-crash × Years of education
Post-crash × Numeracy score, 2008
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With covariates and interactions
μ
log(σ) log[Std(u)]
-0.021
-0.727
0.641
[0.156]
[0.458] [0.086]**
-0.059
0.187
[0.009]**
[0.035]**
-0.007
0.032
[0.010]
[0.038]
-0.017
0.596
[0.023]
[0.097]**
-0.004
0.487
[0.028]
[0.121]**
-0.002
-0.005
[0.000]**
[0.002]**
0.004
-0.026
[0.002]*
[0.007]**
0.011
-0.093
[0.005]*
[0.018]**
0.016
0.021
[0.005]**
[0.019]
-0.058
0.074
[0.010]**
[0.036]*
-0.003
[0.000]**
-0.016
[0.005]**
1.892
[0.205]**
0.028
0.124
[0.033]
[0.097]
0.020
-0.131
[0.037]
[0.112]
-0.072
-0.504
[0.061]
[0.190]**
-0.009
-0.429
[0.071]
[0.225]
0.000
0.010
[0.002]
[0.005]
0.000
0.022
[0.007]
[0.020]
-0.021
0.060
[0.017]
[0.049]

Post-crash × Memory score, 2008

-0.016
[0.018]
0.018
[0.034]
0.000
[0.001]

Post-crash × Does not follow the stock
market, 2008
Post-crash × P(recession), 2004-06
Post-crash × Depressive symptoms, 200406

0.031
[0.053]
0.224
[0.105]*

-0.023
[0.018]

Post-crash × Ratio of fifty answers, 2004-06
Constant

-0.081
-0.595
-1.796
-0.079
[0.005]** [0.021]** [0.050]**
[0.007]**
Log likelihood
-42398.651
-42379.963
Observations
9348
9348
Mean[μ]
-0.079
-0.08
Mean[σ]
0.603
0.611
Mean[Std(u)]
0.185
0.183
Mean[Std(v)]
0.513
0.519
Rho[v0,vx-]
-0.097
-0.096
Rho[v0,vx+]
0.44
0.44
Standard errors in brackets. * significant at 5%; ** significant at 1%
Reference categories: Interview date March to May, male, non-Black and non-Hispanic, married.
The standard deviation of the noise, Std(v) is calibrated to be 0.85σi
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-1.092
[0.545]*
-0.590
-1.810
[0.024]** [0.050]**

