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Ahstract

This puper utilizes a large sct of subjective probability questions from the Health und
Retirement Survey to construet an index measuring the precizion of probabilistic beliets
(PPB] and re-ates this index to household choices about the riskiness of their portivhos
and the rute of orowth of their nzt worth, A theory of uncertainty aversion based on
repeated sampling is proposed that resolves the Ellsberg Paradox within a co nvenlional
capected utility model. Tn this theory, unzertainty aversion 1s implied Dy risk aversion.
This theory is then used (o proposc a link betwoen an mdividual’s degree of uncertainty
and his propensity ta give “focal”™ answers of “07, “50_50" or * 1{K)” or “exact” inywers
to survey guesticns and Lhe validity of this interpretation is tested empirically. Finally, .n
index of the precision of probabilistic thirking is constructed by calculating the fraciion
of prohability questions to which euch HRS respondent gives a non-focal answer. This
index is shown t have a statistically and economically significant positive efect on the
fraction of risky assets in household portfolios und on the rate of growth of thesc asscts
longirudinally. These results suggest that there is systematic vari atiom in the compelencs
o individuals to manage investment accounts “hat should be cunsideted in designing
policies to create individual retirement aceounts in Lhe Soci al Secunly gysrem.

This research was supported by a grant from the Social Sccurty Administration 1o the
Michipan Retjrement Research Center, Duta rom the Health and Retirement Study used
in this paper were funded by the National [nstitule of Aging, grant number AGOY/40.
with additional support from SSA. We are grareful for research assistance by Gubor
Kezdi, Jody Schimmel, and Helena Stolyarova. We are also gratefill [or commients on
carlier versions of this paper by workshop participants at the University of Michigan, the
University of Bergen, Northwestern University, the TMR Conference-Paris and



discussions with Jim Heckman, Chuck Manski, Sol Polachek, Mark Rosenzweig,
Matthew Shapiro, Jim Smith, and Yoram Weiss.



1. Tolrvduclion

TLis paper is motivated by proposed reforms of Social Security which expand the
domain of houschold choice and by corres ponding trends in the privale seclor away from
defined bencfit pension plans loward delined uunlrihul:uln placs, including growth in tax-
shelered TRA's and 401k plans which allow individual cheice in contribulion rates and
the timing and magnitude of pavouts.  Whelher such reforms will be beneficial or
harmiul depend on how well individuals and houscholds plan their finances. Subjectve
probabilities are a key ingredien: n any cconemic model ot optimal fimancial plaaning,
yet little iz known about the capacity of individuals to ubihize probabilistic thinking in
ways that would enable them Lo exploit the advantages of expemded choice. In this paper,
we utilize a large battery of subjeclive probability questions that have been administered
in the Health and Retirement Study (HRS) to investigale how probabilistic thinking
uffects portfolio choices and nat worth.

Proponents o ¢xpanded choice argrue that houszhold welfure will be improved
because plan characteristics can be better matched 1o individual preferences and
circurnstances. In the case of pension plans, it ws argued that higher returns available on
investment portfolios will enable houscholds to have better and more secure retirements
than can be afforded by pay-us-you—go lax and lransier programs such as Social Secunty,
defined benefit plans or ixed income secarities. For examnple, Poterba and Wise (1998)
note that estimates ol the the long term average annual rate of returm on a divorsilicd
portfolio of slocks range from 8.1 10 9.6 pereemt compared with returns of about 4.6
percent for a portfolio of long erm bends or 3.8 percent for a portfolio of shorl lerm

Treasury bills. Compounded over a liletime of savings, differsnces in cxpected retums of



Lhis mmagnitude create very large variations in household resources available for
fetitement or beguests. While the higher cxpeoled relurns from stocks may be offset by
higher risk of lesses, simula.ed portfulios supgest that the value at retrement of a
portfolio ol stocks accumnulsted over a liferime may stochastically dominate a bond
portfolio {Wise cite??). Moreover, flexihil:ty about whether and when to annuitize their
portfolio after retircment. together with an expanded range of choice of the features ol
health insurance, aliow households to reduce their exposurc to poor health. Poor health
affects household income and wealth primzrly through medical expendilures and {mostly
uninsurable) losses in lanor income (Smith 199Gh). Even insurance against intlation risk,
1 traditional advantage of Social Security benefits, is now attainable for households who
choose ta hold indexed Trezsury bonds.

Althaugh expanded choice offers many important potential benefits to
households, critics atgue that lurge segments of the population will fail to make choices
that exploit thcse polential hencfits and, conzequently, the expansion of choice will
expuse these sepments of the population o greater risks of poverty and exacerbate the
already very large inequalitics in wealth among older households (cites?7). Some of the
rcasons given for these worries it within the conventional life cycle mode] of expecicd
utility maximization. For example, in the presence of incowmplets insurance and snnuity
markots, risk aversion might lead low income households w chouse less risky portfolios
with lower expected retums than higher income houscholds, There may ulso be vag.ation
in laste parameters, such as time preference, such that persons with high rates of Lime
preference save at Jow rates (and also choose lower investiments in uman capital ard less

healvay lilesiyles) which leuve them with poor health and few resources in old age.



Those who cmphasize “equality of opportunity” may view such outcormes as an
acceptable consequence of the exereise of ree chowce. Those who value “equality of
outcomes™ stiess the value of placing comstraints on choice ex anfe, both to proteet others
from the had consequence of their actions and 1o protect themsclves from higher taxes Lo
fund redistributional programs neeced w olfset these consequences.

Tais paper utilizes a large battery of subjective probability questions that have
been administered to o sample of over 20,000 individuals in Lhe 1998 wave and earlier
waves of the Health and Ketirement Study (HRS) and its companion study, Asset and
Health Dynamics of the Oldest Old (AHEALY. Our goal is W develop 4 measure of
competence in probahilistic thinking which i based on the degree to which an
individual's probabilistic beliefs are precise or imprecise and examines the empirical
relutionship >etween this measure and measures o asset accumulation and port/iho
composition. We provide a theoretical justificalion for enr approach using a simple
model in which people with imprecise probability beliefs behave in a mare risk averse
manner than these with more procise beliels. Qur model represents u possible resnlution
of the “Cllsherg Paradox” (Ellsherg 19613, which alleges that individuals display
“yncertainty aversien.” Unlike most models of uncertainty aversion, our model 1s
compatible with rativnality as defined by the axioms underlying the Ramsey-Savage
theory o personal probabilities (Ramsey 1926, Savage 1954), Baysesiun statistical Lhecry
and the Von Neuman-Morgensiern subjective expecled urility (SEU) model ' In addition
to providing a link belweer: probabilistic Cinking and uncertainty aversion, the model

also provides a framework which could be used to sludy how incividuals may acquire



more precise informalion about probabilities, how they may increuse the precision of
their beliefs through experimentation, and how imformation acguisition 1s rclated to
preference parameters such as nsk aversion and tme preference. These Tarther
implications are nol pursucd in this paper.

The plan of the paper is as (ollows, Section 2 provides a disenssion of the
subjective probability questions in the HRS and some background abowt the elicitation of
data on cxpectations in a survey conlext. The distribution of responses o these
probahility questions suggests that there may be considerzble heterogeneily among
respondents in the precisior their probability beliefs andfer their competence in
prohabilistic thinking. In Section 2, we discuss the 1dea of uncertainty aversion m the
context of the Ellsherg paradox. In Section 4 we develop a rzuonal modz!| of uncertainty
aversion. In Section 3. we vonsider how survey responses to probablity questions are
related to (he precision of probability beliefs. Scction 6 presents an econometric aralysis
relating measures of imprecise probabilily beliefs to the share of risky assels in household
purtiolios and to the growth rate of houschold assets. A summary and conclusions are

presented in Seclion 7.

L After formulating vur model. we discavered thal Scheeweiss {190 independently proposed essentially
the same resolubon of the Ellsbere Paradex. He does nol, hawever, diseuss the implications of the model
for lcarning oL apphy it empirically.



2. Subjective Probability QQuestions in the HRS

This Daper makcs use of a unique body of data on large number of subjeetive
prababilily yuestions asked to respondents in several longitudinal waves of the Health
and Retirement Study.” In this paper, we analyze questions asked in the 1998 wave which
surveyed a national probability sample of over 22,000 respondents representng the LS.
population over age 50, a3 well as questions asked to subseis f Lhese persons in other
waves.” 1hese probability questions cover a wide range of topics ranging from personal
life expectancy and date of retirement Lo belicfs about the rute of inflation, future Social
Security policy and other macro-level vanablcs.

The [armar of the prohahility guestions is presented ir Table 1. There is an
introduction which statcs that the respondent will he asked some questions about how
fikelv they think various events might he, Tor each question, the respondent 1s told to
give a momber between 0 and 100 where 07" means “no chance at all™ and ™ 1007 means
the event is absolutely sure to happen. In several waves af the survey, a “warm up”
question is asked about the chance that lommorow witl be sunmy,’ followed by u list of
questions on a variely of topics. Scveral exarrples of probabilily questicns ars given 1

Table 1, classificd by whether they arc about general evenls (z.g., social secunty

? Bee Dominite and Manski ¢ 1999 Lor n giscossion of the history of methads of eliciting capectations daty
IR SV,

I Ihe initial IIRS sample. consisting of 12,654 persons botn in 193 1-41, was tirst surveyed im 1992 when
respondents were 51-61 yaurs ol age and nas been resurveyedd in 1994, 1996 and 1998, The AHEAD
survey, consisting ol 8,221 persons born belore 1924, werc first surveyed in 1003 when they were 7 years
of ape and up and were fullowed up in 1995, Beginning with 1998, the AHEAD survey of persons oy
before 1924 has besn integrated into the 1TRS which also incorporated a new cebort barn in 1924-30 who
were antering “heir 70's und another new cohurt born in 194247 who were entering thear S0'a. Thus, the
1998 wave of the HRS represents the catire U.S, population over age 50, Se Jusier and Suzman (19055,
Selde. et al. {1997} and Willis (1999 for more detsiled descriptions of the HRS and AHEAD studies.

* Basszet and Lamsdaine (19994) have used this quastion o investigate whether some individuals are
pessistently “optimistic” of “pessimistic’’. They find that pereons whe give high probabilities thar the
weather will bz sunny Gmo:Tow tend 1o give higher probahilities ol *puud” autcomes on other topics. This
gastion waw omitied feom HIRS-1998. but has been put hack inwo TIRS-2000 which is cuerently in the tield.



generosity of rate of inflation), events with personal knowledge (c.g., survival to age 7.
income will keep up with inflation} or ¢vents subject to personal control (c.g., lcaving an
inheritance or working al age 62). In HRS- 1998, (here were scventeen probabilisy
quest.ang, Some questions were asked to a subset of respondents (e g, the probability of
working at age 62 was only usked of those less thaa age 62). Others contain additional
sth-questtons, deperding on the answer {e.g., if the probability of leaving sn inheritance
1% larger thun zero, the respondent is asked about the probability of leaving inheritunces
larger than $ 10,000 and, subject ta that probabilily being pesitive, the probahility ol
leavirg more than $100,000).

Analysis of the subjective probability questions has demonstrated that they
contain considerable useful information. For cxample. an average, subjecrive
probabilities of life cxpectarcy malch life tables surprisingly well and co-vary with
variables such as smokirg, crinking, health conditions or education in ways that would be
expecled from studies of actual monalily (Hurd and MceGarry, 1995).  As another
example, Stth (19994) [inds (hat average values of expected bequest probabilities
behave in sensible ways and appear to provide genoing information about behaviar.

Althoagh the subjective probability responscs in HRS seem to “work well” when
averaged across respondents, individual responaes appear to contain considerable noisc
and arc often heaped on “focal values” of “07”, “30™ and “100”.° The deg-ee of heaping is
apparent in Figure 2 which presents histograms of the answers to the sia probabihity

guestions listed m Table 1. A comprebens: ve labulation of foca] answers 10 all

* Several researchers who have analveed the HRS datu emphasize the large number of focal answers and
shiywe thal the likelihood of such answers is cormalated with educarion and copnitive messures (see,
cxpecially, Hord, ¥cFadden and Can (19%83) o addition, Bassel aod Lumsdaine [ L9998 find ather
evidence of noise and unubserved hetercugeneity in answers o these questions



probability questions in HRS-1998 is prescnted in Tuble 2. On average, only 5% of
tespondents relused to answer the probability questions. However, 52% of yueslions
were heuped on either “07 or 100" and an additional 15% were heaped on <507

Probamlitics and probabilistic thinking are crucial ingredients of economic
models of desisivnmaking about assel socumulalicn and portfolia choice. In this paper,
we hypothesize hat a persistent tendeney Lo give focal answers Lo prabability guestions
indicates that a respondent has imprecise beliels about the true value of a probability.
Further, we hypathesize that inmrecise beliefs about probabilities will lead an individual
o make conservative financial choices which vicld lower wealth and lower rates of
weallh accumuolation than otherwise similar individuals who have more procise
probability beliets. In the nexl two secrions, we explore 2 more formal theoretical
framework ta understand why imprecise probabilistic thinking might lead to such a
relationship.
3. Probabilistic Thinking, Imprecise Beliefs and Uncertainty Aversion

Desmre much criticism, subjective expected utility (SEL) theory remains the
deminant framework Tor economic models of decisionmaking under cncertainty. (Sce
Sturrner, 2000), for a survey of allernatives to SEU theary). SEU theory assumes thal
individuals decide on a given course of aclion by choosing that action which yiclds the
highest expected uiility. For cxumple, consider a decision between aclions A and B by
mdividual ¢ The expected utilitics associated with these sotions are

fiy

(=3
(1) £u, =Y pis and EU, =Y piu,
J-1
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where there are 2, discrete states of the world that might oceur if action 4 is chosen and
L, stales 17 8 ts chosen.  pi xepresents /'s beliefs about the probability that the jth statc
of the world will occur and &/ 15 the utility f believes that he will receive in that statc.
Similadly, p; arud EE” represen £ s beliefs about probahilities and utilities when B is
chosen. The individual’s choice of action is given by the decision Tule

2} Choose Aif FUIT = I L"f': Otherwise Chonse B.

Tuken literally, the SEL model presumes that individuals competently perform
some exremely demanding tasks before making any given decision. The individual must
be capable of imagining a targe number of states of the world, Within each state, the
individual solves an optimization problem in which he maximizes his (possibly state-
dependent) utilrty subject Lo a set of constraints etobodying his income and wealth
endnwments, prices, slate of health and all other data relevant to the optimization
problem. The outcome of this optimization yields the level of utility associated with that
state. Finally, the SEU model assumes that the individual has a coherent and well
defined scl of beicts about the probabilities thul cach state will oecur.

The latter assomption has been called inte question at least since Frank Knight
(1921} in'roduced the distinetion between “nsk™ and “uncerlamly” where risk refers 1o a
situation in which a specilic probability can be attached to g g.ven ourcerc while
uncerlainly relers Lo a silualion in which a probability cannor be specilied. For example,
examination of a symmenic coin may lead an individual to conclede that heads and tails
have equal probability, thar there are no ether possible outcomes and, consequenly, that

the probability of heads is one half, Or, a person may have cxamimed acluarial tubles o



determine his probability of dealh this year. In contrast to these risks, uncortainly may
allach Lo yuestivos in which there is neither a quantitative modcl of the random process,
such as the simple physical model af a coin described sbove, nor is there adequate data to
form a statistical estimate of the event from past frequencies of occurrence. Examples
range trom mundane questions about the probability thal a new start-up firm will be in
business in ten years ot that a given marmiage match will succeed to large questions such
as the probahility of nuclear war or the probability that there is intelligent life elsewhere
in the universe.

The Ramscy-Savage theory of personal probability appearcd to resolve this
problem by eliminating the distinetion between risk and uncertainty within a Baysesian
framework in which ind:vidual prefercnees are assamed to fullill certan axioms which
lcad to rarional, maximizing behavior (Savage. 1934).  According to this theory, the
probabilities thut enter into decision problems are subjective. Individuals arc assumed to
have a set of priar belielz ghout the probability of any given event given by the

distribution function, £{p). The probahility of the cvent is simply given by the expected
|
value of this distribution, p= L pfipldp . Thre probabilities enlering the ven Newmann-

Morgensiern cxpected wility [unciion in (1} have this interpretation.

An influentizal challenge to this reselution was presented by Ellsherz (1961) in an
example that has come 1o be known s the “Ellsberg Paradox”. In one version of the
cramplc, subjects are confronted with choices about betling on the outcome of draws
from two urns, Umn Iand Urn [L each containing red and/or black balls. The subject

chooses which um to play and the color of (he ball to bet on. T a ball of the chosen color
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is drawn, the subject wins $1; othcowise, he wins nething. Um | contains 50 red balls and
30 Dlack balls. Urn IT contains 100 red and black kalls in unknown proportion,

When asked about which color they preferred to bel on, most subjects indicated
inditference regardless of which urn was under consideration. This saggests that subjecls
believe (hat red and black are equiprobable in cither urn. When asked which urn they
preterrect Lo draw from, some subjects indicated indifference but a majorily indicated a
preference for Um I, explaining that they prelered the greater certainty aboul the
prohahilily of drawing a ball of given color. The latter preference clearly viclates the
SAvage axinms.

The paradox that Ellshe-g identified. and that subsequent expermental rescarch
has varified, is (hat mosi people prefer a known risk ta an uncertain ane of equal cxpected
value, llsherg often found uncertainty aversion even in a decidedly non-umdom sample
of the founders of SEU theory, He reports that G. Debreu, R. Schlaiffer and P,
Samuelson do nol viclate the Savage axioms, while J. Marshuk and IV, Dalkey violate
them “checdully and even with gusto™ and “‘others sadly but persistently, having looked
inlo their bearts, Tound conflicts with the axioms and decided, in Samuclson’s phrase, to
salisfy their preferences and let the axioms satisfy themsclves.” (Ellsberg, pp. 655-56).
Interestingly, Ellsberg places Savage msell in the latier group. Among the violatars, he
writes, “What is at issue might be called the ambiguiir [ilulics 10 original] of this
information, a qaality depending on the amount, type, reliubility and “unanimity” of
intormution, and giving rise (o ome's degree of “cunfidence” in an estimale of relative

likelihoads,” (Elsberg. 1461, 1. 637.)



Ellaberg and most of the subscquent literaturc react to (his paradox by partially
giving up on the Savage axioms, instead suggesting non-rational preferences thal allow
for “uncertaialy aversion”™ in ambiguous situations. A example, is the maximin eapecied
utility (MMELU) function eriginally proposed by Gilboa and Schmeidler (1989).
[nwilively, these preferences suggest that a decision maker who is uncertain aboul the
trae probabilities governing the outcomes of his decision may focus special attertion to
thinking about the consequences of the “worsl case seenanio” (among all “reasonable”
scenaries) and will make conscryvative chowees accordimg 10 a maxmin erileron.

4. A Rational Model of Uncertainty Aversion and Learning about Probabhilities

In this section, we propose an alternative model of uncertamty aversion. Given
repeated sampling, individuals are tully rat:onal in the sensc that they behave in accord
with the SEU model, but they may have more or less precise belicts about the *true
values” of the probabilities upon which their decisions are based.®  Ellsherg’s cxamsles
all concemn “one ghol” bels on a single roll of a die or a single ball drawn from an ura.
Our model departs Irem Lhe Ellsbers [rmework by assuming that mest individuals
unplicitly fomm their preferenecs about choices among uncerian prospects in a context of
real world choices whoss consequences determine a sequence of random outcomes.
Obvious cxamples include the retums from investments in human or physical capital, the
choice of a marriage partner, or the retuns from a stock beld more than ane period. Io

this model, it is easy to show thut uncertainly aversion iy simply a consequence of nisk

® An advantage of retain:ng the SEU rodel is that we ean treely draw upon che entite hody of comventisamai
econoriie theory i ol opplication whereas thenoies such as the WMMELT theory mentioned above are oot
(yel) fully embedded in a broader ecopomic model. We explair tnis advarrage later in this section when we
showw Fowe utality aversion and leaming may be reluted.
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aversion.’ Inadditian, we show how this modcl may also shed light on decisions to
engage in cxporimentation and other foztns of leaming to reduce uncertaility.

The basic idca of our model may be illustrated by considening a vaxiant of the
Ellsherg example in which 4 subjec: chooses between betting an one of two dice. The
subject is allowed to inspect the {imst dis and sees thar it is & symmetnc cube with each of
its 5ix sides umiguely numbered one through six. He is also allowed to roll the die and
observe the outcome as much as he wisaes, On the basis of physical examination and
observation, assume that the subject concludes that the probability of any outeome (Tom
one thriugh six on any given roll is equal to one sixth.  Accordingly, we label the first
die “Fmr”.

In contrast, the subject is only allowed to see thai the second die is u symmetric
cube but is not allowed to see any of the numbers pamnted on ils side nor is he allowed to
expenrnent with it before placing a »et. He is only told that the die must come up with
somc number between one and six when relled and that he 13 frec to bet on any of these
numbers, Inthis situation, the individual may have imprecise beliefs about the
probability of any given putcoms because the properties of the random device are nol
known, the principles govermnyg its vperation are nul understood snd statistical evidence
dhoul ils behavior is nad available. The subject is justified in worrying that the dic is
“loaded”, with seme outcomes having probabilitics that exceed one sixth while other
outcomes have lower probabilities. Monetheless, given the symmetry of the die and his
frecdom (o bet on any numbier of his chadee, it is reasonable W assume that the subject

helieves tat the expected probability of anv given outcoms is onc sixth. That is, lat the

" Ag nated earlier, Scheeweiss {19949 independenily proposed essentially the same resolution of the
Fllshere Paradis.



density tunction f{ p ) denote the subject’s prior beliefs about the true value of the

probaoility that the nomber = turns up on a single roll of the “loaded die”. Then,

{3 P, = Prioutconme = n) = f] pfipddp =156, n=12...6.

o
According to SET theory, 1t 18 ¢lear [rom (2 that a rational hettor should be inditferent
hetween hetting on a single roll of the [air ur the loaded dic.  Assuiming that a winning
bet pays $0, tac expected payoftf is $1 in either case.

It the payoll 15 based oo mulliple throws of the die, however, it 15 susy to show
that a risk averse individual would prefer to bet on the fair die. The reason 15 tha 1he
distnbutien of outcomes for the loaded dic 15 nskicr, according 1o the definition of
Rothschild and Stiglitz {1970), because it 15 a mear: preserving spread of the distibution
ol oulcomeay tor the fair die. Lo see this, supposc that once a dic is chosen it must be
ro.Jed twice and assume that the subject always bets on an ace (1.e., n=1} The payoffs
are $12 for two aces, $6 for one ace and nothing for no aces, In the case of a [air die, the
prubabilities of these outcomes are /36, 13736, and 25736, respectively, and the expected
payoff 18 82, The expected payoll [rom two rolls of the loadad die is atso $2., but the
probabilitics of the two extreme outeomes of two aces or no aces are increased relative 1o
the fair dic, That1s, .ot p, denote the irue probabality of an ace ¢, =1-p, be the
complementlary probabilily, Given that x*is a conves Tunction of x, it follows [rom
Jensen's inequality that E(pl) = (1/6) —1/36 and E{g}) =(5/6)" = 25/36 with the
strict inecuality holding if there is prior wncartainty about the probabilities. Hence, the
loaded dic is riskicr and a risk averse person will prefer the Lnr dic when payolls depend
o1 multiple realizations of the dig. Altematively, he wowld demand a risk premium to bel

on the loaded die.



While our model suggests that imprecise probability beliels lead risk averse
individuals to make conservative choices, it can also be used to show thut fsk averse
individuals may prefer the more uncertain altemutive if they are in a position to learn
from obscrvation. To illustrate this most simply, assume that the sutject is told that the
loaded die has the same numbe: painted on cach face but 1s not tald the number. Given
SYIMMELry #cross possible outcomes, Lhe expected probability of an ace on a single roll of
ke lvaded dic is 745, If the subject musi choose a die and roll it twice, the probability of
WO 4ees 18 /76, the probability of no aces is 5/6, the prohability of one ace is zero and the
cxpecled pavoll is $2. As before, the loaded die is riskier and a risk averse subject will
prefer Lo set on the fair dic.

Now suppose thzt we change the terms of (he game by allowing the subject to
choose one of the dic, rall it once, and then either continue with that die or switch to the
nther die for the sccend throw. Assume the subjec: chooses (ke fair die on the first oil.
Then, regardless of the outcome, he witl be indifforent between the two die on Lhe second
. toss and tae distrbution of pavolls will he identical to a seyucnce of two rolls of the fair
die. Alternatively, supposc that he chooses to ol the Juaded die on the first toss. [ he
m]is an ace, he knows that the probability of rolling an ace on the second toss is one and.
hence, he will choose to roll the Juaded die again, I he does not obtain an ace, there is g
7e20 probability that the Joaded die will be zn ace on the second roll so il s optimal to
switch Lo the Tair die, Thus, for Lwo tosses, beginnin E with the loaded dic, the distribution
of 1elurns is $12 with probability 1/6, $6 with probability 5/36 and zero with probabi ity
2536, The cxpecled retum is $2.82 if the individual begins with ihe ]D&].df:d dic

compared 1o an cxpeclation of only S2 when he beging with the fair die.  The difference
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in expected return of 83 cents represents the monetary value of the learning opportunity
presented by the loaded die. Moreover, the distribution o retums associated with
civosing the loaded die on the first roll doainates the distiibution from choosing the fair
die first, s that 4 subject would preler the Toaded die no matter how risk ayerse he is.

‘This model may be used as a metaphor for a life cycle model of decisionmaking
unde- uncertainty. Assume that an individual ves lor two periods, with the roll of 4 die
determining his income in each peiod.  Some kinds of decisions faced by the individual
require a lifetime bet.  Examples might include (he decision o go 10 college or have a
cnild. We might think of such decisions as analogous o a game n which a person must
caonse ane die at the heginming of a game and continue to rell it until the game cnds.
Holding expacted payofls constant, our analysis suggests that risk averse individuals will
caoose those options about which their prebability beliefs are most precise. To the
gxdert there ig heterogeneity across individuals in the degree of risk aversion ot -n
precision of beliefs, sell-selection will tond to induce correlations between observed
cheaices, om the one hand, and information and sk aversion parameters, on the other
hand. For cxample, other things ccval, high schoo) seniors with more precise beliefs
about the payoffs w college may tend o go on to college whi'e their leas well informad
classmates do nol.

(nher kinds of decisions involve more [exible choices analogous to our second
game in which il is possible to switch from one diz Lo another aller vbserving the [irst
outcome. For example, Tobmson (1978) presents s model of job shopping by young
workers who are confident ahout how well they will do in some jobs but uncenain aboct

Ltheir suitability for other jobs. The model prediets that workers will choose the more

3¢



uncertain jobs, continuing with the job if it is a good match aad leaving for the more
certain job if it 1 a bad match. In lubor market equilibrium, the option to obtain valuablc
information will lead to a lower starting wage for uncertain jobs. Since the benefits of
taformation ogeur in the second period, workers with high rates of lime preference will
tend to civose “safer” jobs and, other things cqual, will huve leamed less abourt their
productivity by the beginning of the second period.

In this section, we estublished a theorctical connection between the precisior. of
probabilistic belicls and decisions about risky alternatives. In order to move toward an
empirical specification ol this relationship. in the next section we attempt o relate the
degree of precision about probabilistic belicfs 1o survey responses to probability

questions.

3. Precision of Prohahility Beliefs and Survey Responses

As we discussed in Section 2, survey responses Lo subjective probability questions
in the HRS tend o behave guite reasonably when averaged across individuals, but are
quile noisy with ¢considerable hcaping on “focal™ aaswers of “IF, 507 and “100™.
We have hypothesized that heaping 15 associuted with reapondents’ ambiguity or
unceriainly about smue probabilities aned a currcspnndi_ngly diffuse distribution of tlicir
prior beliots. In this section. we first develop a simple formal mode! of the relationship
between the information thay a respondent has about the probability o a given sulcome
and the shape of the density function of his prior beliefs. We then propose a specific

testable hypothesis about how answers to survey guestions about subjective probabilities



arc related Lo the prior densily and, finally, present empirical evidence that responses n
thz HRS are consistent with this maodel.

Assume that Lhe mformation that an indivicual has about the likelihood that 4
given discrete outcome will occnr is given by the probit function,
i4) p=Pr{l >0 x,8)=Pr(xff+d =u)=F(xf} ~8)
where Iis an index function,
() I=xB+8—-u.
Iri this funclion, x 1s a vector ol variables thal determine the likelihood of an outcome,
& i3 a normally distribuled variable with nmean zero and variance o2 which rcflects the

individuuls uncertainty about the trug value of the index, and 1 is & standard normal
random variable, For example, if p is the individual’s belief about the prohability of
leaving an inherifance, x would include variables such as age, sex, income, weaalth, heallh
history, marital status, mamber of children and othar variables that are predictive of he
vahic of the sstale at death, the date of death and the existence of heirs. The effects of
these variables, given by the probit coetficients 2, might be those that would be
estimated hy in a scientific study of bequest behavior or they might simply refleot
rersonal heliels that are not supporied by scienti iic analysis.” In additien, of course, the
individuul may possess personal information about the likelihood ol leaving 2 hegucst
that would not be known 10 an ontside obscrver.

The random variable & indicates the range of the individual s uncertamty about

the true probability. 1t a; — 0, the individual has sharp priors wh ich ure identical o the

predicted survival probabilities that would be produced by an acluarial analysis given by



p =F(xff) where F() is the normal edf. We shall call p” the “lrue pessonal
probability.™ As 2 increases. the individuals helicfs about persanal probabilities
hecome more and more diffuse. The precision of « given person’s boliefs may depend on
his or her education, cognitive ability and expericnee in observing and making decisions
in various demains. Thus, let o, = 0,(7) where z is vector of variables determimm g the
precision of heliefs. Note that some elements of z may overlap with elements of x. For
example, increases in education tend to increase the true personal probability of surviva.

and also decrease uncertainly about the “true”™ probability.

Letling a, =+/L—0; , () denote the standard nommal ¢.d.f., and following

Lillard and Willis {1578}, the c.d f. of the prior distribution of subjective probabilitics

associated with (4) 13

(6) G(p)= Ff% F-wp}—ﬂ% xB).

f Uqh
and the density funclion is

T
[

o (7 17 (py- 2o 1By
(7.

o f(F ()

{7 glp)=

A marix of density functions corresponding (o different values of ‘rue personal
probubilities, measured by p' on the harizontal axis, and different degrees of uTcertainty,

measured by @, on the vertical ax.s, is illustratec in Figore 2. The graph cortained in

? Sew Cumerer (1995) for survey of “calibration studics™ which attempl Lo deteroiine how well o poeedl y
subljeclive probabilinies elicited in surveys cormespand to objective™ probabilitics based rm evidence.

* The term “true personal probubility” simply refers to the subjeclive probehilite belief tiat an iodividual
wenld have if bz had no uncertainty. A separale question that we do not address in this paper is he degree
te which such persanal probabilities coincide with “ohjective probalilitics™ based un expert opinion,
scientific research, or cognilive processing of personal experience aceording to a Bayesian niode.,
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each cell in the matrix depictls the density funetion in (7) corresponding to a given pair of
values of p = F(xf)and g, . The botlom row of density f'unctions illustrates (almost
completely} precise probability beliefs with o, =.01 for nine valves of v/ ranging
between -2 and 2 and corrzsponding values of p’ranging between 022 and .978. For
each valuc of af , there is a column of nine graphs associated with incicasing values of
F; Up tn a maximum of o,; =100, reflecting ever increasing uncertainty about the trac
value of the subjective probubility.

The effeet of imereasing uncertainty on Lthe shape of the density function depends
on the value of xf . Consicer first the case of p" = F{iN =5, As o, increasss over the
range U <o, <1, the density function has a symmetric. unimodal shape whose variance
grows ag @, increases. Wheneo; =1, the density function becomes uniform. Tor valucs
ol &, > 1, the densily lunetion becomes U-shaped with the density increasingly
cencentrated near the exiremes of p =10 and p=1. Now consider the case of
p =F{-0.25)=0.401_ For values of 0 < a; =075, the denzity function is « right-
skewed unimodi function with a mode near 0.4 for small values of a,. As o,
inercases Lo 0. 75, the mode decreases but remains well above zera. AL o, =1, the
density function becomes J-shaped \t;ith its single modé near Zero. As g Increases

ahove one, the density function takes on an asymmetric U-shape with the larger mode
near zero and the smaller mode near one.  As the degree of uncertainty continucs to
merease, the U-shaped density functions become maore and mare symmetnc near 7ero and

one &0 that, for large values of ; , the modcs near 2ero und one are approximatcly
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equal. This patlern is repeated for smaller values of p' , bul the range of &, over whick
the function is unimodal shrinks and the rmge over which it is T-shaped or U-shaped
increases. These patterns are repeated in mirror image for vahies of = Fafi=05.

We now wish Lo address the following question, How do [ESPONSES 10 SUCVEY
questions in FIRS about subjective probabilities differ across mdividuals who have
varying degrees of uncertainty zboul true probabilities? Thar is, assuining, that density
functions such as those depicted in Figare 3 are in the minds of respondents, how do they
respond to survey questions about subjcctive probabilities like those discussed in Sestian
27 Ome possible hypothesis is that all individuals give & full ¥ Buavesian response and

repott the expected value of their pnor density. In this case, no matter how diffuse their
|

priors, they would return an exact answer, p = E( vl :f glphdp A This would be
a

inconsistent wilh evidence of heaping en focal values presented in Section 2,

' In the prebit model presentzd jn this section, P iz adecreasing fonction of & ; holding xff constent,
with fapproaching (2.5 as O & Appraaches infimity. That is, a5 udceniainty yrows, the Baysevian pricr

probability approgches 50-50. Ths is not a general imaplication ol Havestan models with ancertainty. For

) 1 -
cxample, assume the priar density p is given by a beta dissihation. gi{p)=—— p*~{1— )"

Bla,b)
L
. , 1)

where B(a,b)= jt"_l(l — ) df =T{a)T(BY/ Tl + b)Y with expected value Fif p) = ; and

g a+h

2 ab L s o
varianee (¥, = = which is a decieasing function of g und 5. As ITeckman and Willis
{a+bY {a+h+1)

(1377 show, when covatiales arc mtroduced iy this model wich the parameterization o = Exp{xﬁﬂ Jand
b= exp{xfi,) | the expected value of the prohability is ziven by the apistic function 7 = L/(1+¢e ™)

where = ﬁ” —B,. Tnthis model, it is cavy o hold £ constant while ineressing the amount of
uncertainty. Huowever, the pattern of shapes displayedl Ly & malrix of beta density functions associated with
differinz levels of P and F is vory similar to thal digplayed in the hutervzenenus prabit model in Figure
2



An alternative hypothesis, which we shall call the “modal choice hypothesis,” is
consistent with houping. According to this hypothesis, respondenrs respond by reporting
that probability which is most ltzely ammong ull possible values of their truc subjective
probability. Specilically, a wespondent would clioose an cxact {i.e., non-focal) value
given by Lhe mode of gip) when s prior distribution has & ummodal “trigngular” shape,
4 modal value of “0 or “1007 when the distribution is J-shaped or U-shaped with one
made much larger than (he other, and a value of “S(F ¥ the individual is not sure which
maode 15 [arger,

Accordmg Lo the modal choice hypethesis, subjective probabiliry responses tend
to have a systematic pallern as p varies. This pattern, which can be discerned in the
matrix of density functions showu in Figure 2, is drawn explicitly in Figure 3 where
the (p", 7.} plane is divided into four arcas cormesponding Lo those combinations of 7’
and <, in which the respondent gives (4) an exact answer, (b) a [ocal answer of “07, (c)a
focal answer of 1007, or (d) a focal angwer of "507. The area in which an exact answer
15 given has an upper boundery given by an inverted U-shaped curve which attains a
maximum at p’ =0.5 and &, =1 where it is tangent to the U-chaped lower boundary of
the area in which g 530-30 answer s given. AL the point ot tangency, the prior distribution
15 uniform;, for o, <1, the prior densities are unimodal, and for o, =1 they are bimcdal
with modes of equaal size near zero and onc. As p’ deviates in cither dircetion from .5,
the values ol o, below which the prior distibution 1s riangular with a single mode
decrcasc so that us p’ nears zero or one a respondent will not give an exact answer unless

o ; 18 very small. Similarly, the lower boundary of the region -n which 50-50 answers
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are given has an inverted U-shape. The reason is that as p° deviates in either dircetion
from (.5, the critical value of o, above which he prior distribution is U-shaped (and has
approximately equal sizc moedes near zere and onc) increases. The regions between these
two arcas generate fucal answers cqual to zero it p~ <13 or one if P >0.5 because, as
can be seen in Figure 2, the prior distrinticns in these two regions are either J-shaped
with a single mode n=ar zero or one ot they are Tl-shaped with the larger made near zero
Or One,

The modul choice hypathesis is consistenl with the “reasonable™ behavior of
subjective probabilitics that we discussed in Scotion 2 when responses are averaged
across samples of respondents who give @ mixture of exucl and focal answers. That is,
as xf ingreases in 4 population of individuals with varying degrees of unceriainty, the
average value of cxact answers increases as does the fraction of heaped answers that
reflect higher focal values.

'n Figure 4, we present evidence that focal values of the subjective probability
questions do conluin such information. Specifically, we have estimated a set of
regressions with subjective prohability responses from the 1992 und 1998 waves of the
HRS on the lefl hand side and a get of demographic characteristics (age, sex, race and
educatior} on the right hand side. The regressions are estimated on two different
samp'es: {a) the [ull sample of respondents who responded to a given question with either
an exact or focal answer and (b) the subsample of respondents who gave an “exact” (ie.,
non-focal) arswer. Prodicted values for each regression are then sorted into contile
groups. Within cach group, the valuc of the responses of those who gave focal answers

(€10, 0.5 and 1.0) is regressed on the predicted probabslity. If the averuge value of the



foral answers behaves in the same way as the cxact answers, a plol ol the predicted focal
answer v3, the average predicted probability withia the coniile group should fall along a
45 degrree line.

Thesc plots are shown relative 10 a 23 degrec line in the malrix of eraphs in
Figure 4 for nine questions from 1992 in Panels A and B and sixtcen questions (rom Y98
it Panels C and D, The plotied lines are very close to the 45 degree ling in Panels A and
¢, where the prediction equations are based on the full sample. While deviationz from
the 45 degree line ars more prominent when the prediction €qdations arc based anly on
the subsample of responden:s who gave cxacl answers, all are positivaly sloped and there
i3 no regular pattern o the devialions, We conclude that focal answers to subjeclive
probability questions contain similar information o that contained in exact answars when
averaged across respondents,

A mure direet test of the modal choice hypothesis is to see whether the propensity
to give particular kinds of answers follow the patems depicted in Figure 3. In arder o
perform this test, we wish to estimaie the relationship
{7 Pr{ Answerof Type fy= [ {(p(x) +a,
where ; denotss “exacl answer” or focal anawers of ©0°, “S0-507 ar = 100," xis asetol
covariites that inlluence the level of p° and & 15 an error lerm which is mdependent of x.
According to the modal choice hypothesis, as p* increases we expeet (o find rhat the
probability of an exact arswer or the probability of a “50-50" inswer follows an inverted
U-shaped curve, increasing to a maximum at g’ — 0.5 and then decrensing. We also
expect to find that the probability of an answer of "0 is a monotonically decreasing

function of p* whule the probability of an answer of “ 1007 is monatonically increasing.



It is importamt to nore that cur theory sugeests that we may have a senous
identification problern in testing this model. Specifically, in order to obtain unbiased
estimate: of the f() functons in (7) we want to vary p independently of Ty
However, as discussed earlizr, for most of the probability questions in the HRS it is quite
lizely that variables such as ape, race, sex, health and education which affeet the level oF
a probality are also correlated with the precision of an indiv:dual’s prabability bclicfs.
Formenately, vne of te queslions - the warm-up question askin E respondents to give the
probability that tomorrow will ke sunny'' — ailows us Lo vary p by using information
location, given by a pritary smnpling unit (psu) indicator, and month of interview ta
construct a measure of the average value of the probability of a sunny day within cach
manih-psu cell. We use all cells with ar Ieast three responses. This measure produces &
very wide range of uverage probabilities which presumably vary independently of
average values of ;.

The “sunny” yuestion was asked in HRS 1994 of persuns aged 33-63 and in
AHEAD 1993 of persons age 70 and over and in AITEAD 1995 of persons age 72 and
wver, For each of these three questions. we cstimatz non-parametnic lowess {robust
locally weighred regression) functions to test for the hypothesized shapes nf

Foan )< oo s} £ 03, and £,,.0). The estimared curves are shown graphically in four

punels in Figure 5. Panel A depicis the fraction of exact answers as a [unction of the
mean subjective probability that tomorrow will be sunny o a given month-psu cell.
Similarly, Pancls B-D present esitmatcd functions for the fraction of “50-%50,” “0 and

1 answers, respectively.

"' See Tukle 1 tor the text of this question,



The estimated [unctions presented in the foor panels of Figure 5 confont almosi
exactly to the patterns predisted by the medal choice hypothesis shown in Figure 3. In
Panel A, the function describing the fraction of respondents Z.¥INg a0 eXact answer has
inverted U-shape with 4 maxinmam near p* =05 for each of the three “sunny” quesiions
asked in HRS-14994, AHEAD-1993 and AHEAD-1905, The curves for the two AHEAD
questions are virtually coincident while the curve Ifnr the HRS respondents lics above
those of the AHEAD respondents, indicating that the relatively younger HRS respondents
have more precise probability beliefs. In Pancl B, as predicted, the fraction giving “50-
307" answers also hies an inveried U-shape with & maximum near p” =0.5. The curves

bused on all thiee questions are virtually coincideni. suggesting the absenze of age

variation n “epistemic uncestainty.” Tn Pancl (C, the fraction giving 4 focal answer of

"7 is a monoionically decreasicg function of p° wiih a higher fraction of AHEAD
respondents giving such answers, Finally, in Panel D we sce that 1be “raction of focal
answers of 1007 are a monotonica)ly increasing function of p° with Liltle age variation.
6. Uncertainty and Wealth

In Section 3, we developad theory and cvidence which link variations in the
degree of uncertainty aboul personal probabilitics across individuals to the propensity of
individuals to give exact or focal answers to survey questions about their probabilily
beliefs in the HRS. In this section, we address the empirical liak between uncertainty and
tinancial choices that we discussed theoretically in Seciion 4. Specifically, we utilize
responses w a large number of probability guesiions o construct an index of the
propensity of individuals W give exact answers (o such questions calculaied as the

[raction ol questions answered by each individual to which a non-focal answer 1s given.



This index of the propensity 1o mive exact answers iz assumed to provide & rough
indication of the precision of the individaal s probabality beliels, For brevity, we referto
this index as the “traction of exact answers” or “FEA™, In terms of the theary of survey
response presented above in Section 5, we think of higher values of [CA as inversely

related to the value of the individual's degree of uncertainty, o, averaged across all the

questions he or she answers. According to the theory of nncerranry aversion prescntsd
above in Section 4, higher values of FEA are hypatherized to be associated with less risk
averse hehavior.

The traction of exact answers is verv strongly and linearly negatively related to
aga and positively related (o education, suggesting thut the precision of probability beliels
15 related o cogmitive capacity, These relatonships are shown in Fagure 6 for
respondents in IJIRS-1998 where the vertical axis mweasures the mean value of LA by
single vear of age in Panel A and the mear value of FEA Dy single vear of edacation in
Panel B. As mdividuals age the propensily 10 @ve exact gnswers declines from about 45
percent al age 31 Lo less than 5 pén:em for respondents over the age of 1006, As
cdocation increascs, FEA incrcases from about 15 pereent for persons with ar clementary
schaol education to about 40 percent for persons with a college degree or mote.

To teat our hypotheses about the impact of probabilistic thinking on savings and
portfolio behavior, we use FEA and a similarly constouctad index of the Mraction of “30-
507 answers in regression equations explaining the shase of household assets held in risky
assels in 1998 and the growth of assets between 1992 and 1998."° According to the

theory presented in Section 4, deercased uncertainty leads individuals to hehave 1285 risk

12 See Table 3 for the descriptive statisucs of these samples,



aversely. Thus, we predict that individuals who have a higher propensity to give exuct
answers will hold a larger share of risky assets. We then examine the effect of FEA on
the grow:h of asscts lo determine whether increased uncertainty has a negative impact on
economic stetus, cither by keading individuzls -0 chouse portfolios with relatively low
rules of return or because they kave a lower propensity to save. (Unlorlunalely, we
cannot dislinguish between the affect on the vale of return. which is clearly related to the
theory presemted 1o this paper vaa misk aversion, and the savings propensily. whose
relation to the theory is less clear.)

The first set of regressions, presented in Table 4, examines the determinants of the
share of nisky ussets in the partfalios of 12,339 households in the 1998 wave of the HRS.
Descriptive statistics for this sample are presenied in Table 3. These households include
6,934 couple households, 5,318 single female househelds and 1,927 sinple male
households.”® The dependent variable is defined as 4 ratio of the value of risky assets w
tatal household gross worth, excluding the value ol housing, where risky assets arc
defined as the sum of the values of {non-housing) real cstate, business assets, stocks plus
the full value of IRA accourts if the respondent reported that these accounts contain
mustly stocks, one half the value of the IRA it 1t was reporled thal the IRA contained
about equal amounts of stocks and interest-caming asscls, and «cro if the entire sccount

Wwas in interest-carming asscts.

" Thete are 14,202 houszhold level observations in HRS- 1998, Of these, our estimation sample of 12,330
was oblained by excluding 1231 cases in which the share of sisky asscts could not be defined because e
househukl had cither zero or missing gross worth and Gl had missiog valoes on focal answars,
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The independen: variables of mradn interest for this Paper dre measurcs of the
propensity of respondents to rive exacl answers ta subjective probability questions in the
HRS. TFor the analysiz in Table 4, FEA and the fraction of “30-30" answers are
tneasured using responses in HRS-1998 for up to 17 yueslions that were answered by
each respondent.’® Tn preliminury analysis, we [ound little difference in the efiects of
focal answers for hushands and wives in coupl: households so, for simplicity, wa use the
average [ractivns of exact and focal answers [or couple households in the regressions
repored in this puper. Only the fraction of exact unswers is used in the repressions
reponed n columns {la) and (Lb) of Table 4. In columns (2a* and (25), we add the
traction of “50-50" answers. Fromi Table 3, we see that, on average, 31.3 percent of
answers are exact and 14.8 percent arc Y50-50".

The other independent variables are intended as controls. Singe the composition
of a portfolio is hikely 1o vary with its magnituce, we control for the log of net worth and
also enter a dummy varigble {or non-positive nel wortk. W¢ also contro! for hasic
demographics including age of household head, marital status (single malc or si ngle

Y We estimatc the equations with and

female relative to marred couple), and Tace.
without controls “or education and immediate and delayed word recall 1o Jwlp contral Tor

cognitive capacity. We do so, ir parl, 10 determine how scusilive Lhe estimated cffect of

the propensity to give focal enswers is to cognitive capacity, The first three colums

.. . . o .
3kip patterns cansed variatons in the number of probability quastions thal were asked of respondants
and thens were tefusals to some questions.

1 Age. educativn und cognitition are averaged actoss husband and wife in couple houscholds. In
unreporled analyses, we found o stutistically sipoi Neanr eftects of within-souple differences in these
varables.



(matked "o} do not contrel for education und word recall and the second three columis
{marked “b™) include these varizhlcs,

The results reported in Table 4 show that households with a higher propensity 10
gIve cxact answers have a significantly larger -act:on of risky asscts in their portfolio, as
predicied by the theary. The megnilude of this effcet is moderate. Using the estimates
reporled in column (la), an increase in the propensity W0 give exact answery From one
standard deviation below the mean to one ssuncard deviation ghove the mean woald
increase the fraction of risky assets from 25.6 reent to 27.7 percent. These results are
only slightly affected by controls lor education and word recall and there is not much
change i the effect of the propensity to give exact answers when rthe propensity fo give a
“30-507 answer 15 added (i the model. Both 1oz net worth and the existence ol zero or
negative ner worth have extremely large and sigmbican: coefficients. None of Lhe otter
demaographic or cagnitive control vardables are significant,

The second set of regression of resulls uses a sample of 4174 households who
were fespondents in the original HRS cobort in 1992 who also respanded o the fourth
wave of HRS in 1998. These regressions estimate the cficets of the propensity Lo give
exdqct answers in all four waves of the HRS (1992, 1994, 1996, and 1998) an the aunual
rate of growth of housebold net worth between 1992 and 1998 (cadeulated by dividing the
difference in log net worth in 1998 and 1992 by six). Nute thal these households who
contained at keast ane individuat aged 51-61in 1992 are much younger (36.7, on average)
ltun the HRS-1998 sample (68.1, on average) uscd in the regressions repored in Table 4.
Descniptive statistics are given in Table 3. The desipn of these regressions is idertical to

those reported in Table 4.



On average, HRS hausciolds experienced 4,88 percent annual growth in net
worlh between 1892 and 1998, During this time the CPI rose at an annual rate of 3.78
percent, implying that the real annual rate of increuse was 1.10 percent. The regressions
in Table 5 show that the propensity to give exact answers has a very large and highly
sigrlicant effect on the rate of growth of assets. Using Lthe coefficient of 0.2023 on FEA
teporied m Column {la), an incrcase in FREA from one standard deviarion below w one
standard deviation above the mean implics an increase in the nominal annual growth rate
ul net worth from 1.7 percent to 8.0 percent in nominal terms er, in real tems, from —2.1
percent to 4.1 percent. In contrast to the results tor risky asscts discussed earlier, the
addition of a cemirol for education has a large impact on the cstimated effect of focal
propensity, cutting the coefficient size in half in column (1b) compared to column {1:4).
(The word recall variables remain insignificant.)  Assuming that the column {1h)
cstimates are more realisric, the implied range of growth ratcs implied by increasing FEA
frum vne standard deviation below 1o one standard deviation above the mean is 3.3 to 6.4
percent in nominal terms ar 0.1 ro 2.6 percent in real terms.

The large varation in the cstimated effect of FEA on the rafc of assct growth calls
depending on whether or not education is contolled calls for further investigation. One
posgibility 15 that education is proxing for the houschold’s permanent income. To asscss
this possibility, we used data from Social Security covered carmings hislories W construe:
hine dummy variables indicating the decile runking of HRS households in average

lifetime covered earnings similar o the varizbles constructad by Venti and Wise r1999),1°

" Details concetning the consteuction of Lhis variable will be contained in an Appendiz that has nut vet
heen wrillen. Mote thar the analysis of the restricted Sncial Securty covered earnines data were conducted
in a secure data “acil.ay al the Guiversity of Michizan under an agrecment approved by the 1HIRS
Cenhdencality Commillee.
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These liftetime earmings variables are available enly [or (he 75 percent of HRS-1992
respondents who signed 4 consent form allowing their social securnty data 1o be linked o
HRS.

We first added the eamirgs decile variables to the models explaming the raction
ol risky asscts. These results are reported in Appendix Table 4a. Because Social Secutty
eanings are avalable ouly for the origingl HRS cohort born in 1931-41, there are only
4,365 households in Table 4a compured to the 12,339 households frem all HRS coharts
thal were used in the regressions in Table 4. To determine the sensitivity of our results o
this sample restriction. the Mrst four columns of Table da replicate the specification in
Table 4 with thig smailer and younger sample. ‘Lhe coefticients on FEA and almost 1
other variables arc only trivially affected by (s sample resiriclion. The next four
columns add the dummy indicators of decile rank in liletime samings. These vanubles
are individually and jointly msignilicant and the coelficients on FEA are not sipnificantly
atfected by the cantrol on lifetitre income.

We then examined the etfects of controlling for lifetime income on the growth
Tate of assels ' the regrassions r*;:pur.lt:d in Table 54. 7 The lifetime income indicators
have aposiive and stabistically sigmificant etfect on the rate of assat growth., However,
they have ne elfcet on coellicicnis of FEA nor do they affeee the cocfficients of other
variables. inchading log 1992 net warth. This suggests that the large reduction in the
coellicient of A when educanon 1s controlled 15 not due to education serving as a
proay for permansnt incoine, but is probably the result of the comelation between

cducation and unmeasured components of copnitive capacily.

U3 e pestrickivn Lo persons wilh Social Secwily dala recoged the sample in Table Sa to 3,133 houscholds
cirnparsd with 4,365 howsehulds in Lable 5,



7. Summary and Conclusions

Thiz paper wus motivated by the question of how well older Americans will be
able to take advantage of trends in both the private and public sectors which expand (he
scope of :ndividual choice in financial decisionmaking. We have nol attempled Lo
address this question in zeneral. Ralwr, we have [ocused aitention on one aspect of
decisionmalking —probabilistic thinking — which plays a crucial role 1n economic models
of saving decisions and portlohe choice. Lo our knowledge, this s the first attemipt ro
pravide empirical evidence on the relarionship between financial behavior and
mrohabilistic thinking for a national'y representative sample of households. We are able
fo do so becaose the Health and Retirement Study asks a large number of subjcctive
probability questions w ils respondents which, in effect, creates a psychometric tast of
probabhilistic thinking for the more than 20,000 1 IRS respondents.

One of the most prominent fealures of responses to these probabilistic questions is
tha large proportion —about 60 pereent— of answers for whjch ihe probability that Lhe
event in question will accuris reported to be zerg, Gilty-tifty or one hundred percent
rulher than & mere exact answer such as nine percent or seventy percent. While there arc
ilher possible [nterpretations of such heaping on local answers, we emphasize the
possibility thal they reflect the respondent’s uncertainty about the true value of Lhe
probability. We then refer to a large literature originating with the Ellsberg paradox
(Ellsberg 1961) in which it 13 hypothesized that individwals display “uncertainty
aversion’ that 18 incansistent with conventional subjeciive expected wtility theory. We

suggest a new theoreticat approach to this issue 1n which we are able 1o deal with
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unccriainty within the conventional SEL tramework and show, withia this framework,
that uncertainty aversion is a consequence of sk aversion. This, in turn, implics that
individuals who wre more uncertain would “end to choose less risky portfolios and
perhaps roccive lower returns. We also note that our theory has clear implicativns [or
endogencus leaming which may reduce uncetainty, but we du ol pursue Lhis poind in
this paper.

We lken tumn to an atterpr to provide an explicil link between the theoretical
comeepl of urcertainty and the characteristics of survey response to subjective probahility
questioms. The first step in building thiz link 15 w propose o simple formal modal of the
determinants of o individual™s subjective prior distribution of probabilities. This model
is tormulated as a helerogenzous probit model :n which the heterengeneily term reflects
at individaal’s uncertainty abaut the me prohabulity, A graphical representation of shese
prior density funetions for varying levels of the true probabilily and degrees of
uncertainty s presenfed. Aller examining these prior density functions, we propose 4n
empincal hypothesis to descibe the determinants of whether a respondent gives a tocal or
exacl answer to a probability question. 'We call this the “modal choice™ hypothesis.
According to this hypathesis, when asked to stéte a probability the respondent chaoses
the most likely probability, given his prior density, which is the mode of the distribution.
This hypothesis has two testable empirical implications. First, it implies that when
averaged across individuals the mean value of tocal responses should vary in the same
way a5 the mean value of exact responses. We lind this 1o be broadly true in the HRS
daty. Second, the hypothesis implies that the probability of giving an cxact (i.c., non-

focal) answer e a probability question is a nonlinear, inverted U-shaped function of -he
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level of the irue probability, Usinge data [tom questions in three different waves of HRS
about the ikelihood that tomimorow will be sunny, the empirical relationship conlonms 10
this prediction.

I the Linal seciion of the paper, we corstruet & measurc o the propensity of an
indiv:dual o giva exact answers by caleulating the fraction ot all probability questions
that be or she was asked that received a non-focal response. We then estunare the effect
of this propensity on the fraction of risky assets in a household’s portfolio in 1998 and 1ts
effect un the rate of growth of assets fTom 1992 1w 1998, The propensity to glve exact
answers is found o have a Fighly significant negative effect on both the fraction of risky
assels amd the tate of growth of net worth. The magmiude of the effect is modesl on ngky
assel holding but very large on the tate of growlh of assets.

We believe that this paper provides clear evidence thal there 15 considerablc
hetorogencity in the precision o probabilistic thinking in the population and that more
precise probuhilistic thinking leads individuals to be wiliing to take more fisks aad o
enjoy higher growth in wealth. These Tesults provide some justiflication for fears that
have heen expressed ahout expanding the scope for choice through individual accounts
becanse sign:ficant portions of the population will be unuble o eaploit the benelits of
choice, However, it would be a mastake in our view o jump to policy conclusions too
quickly. In particular, we believe that it is important to cxplore the deprec to which
individuals reduce their uncerlamty through experience with financial management and,
Hs @ GO uence, become betier able to manage their owr affatrs for their own benelit,
We hope to pursae this noton in [ulure rescarch by eaploiting the lorgitudinal

information in the HRS.
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Tabte 1. 1Hustration of Probability Questions in HRS

1. Basic Introduction

Next I have some questions about how likely vou think various events might be. When I
ask d question I'd like for vou o give me a number from 0 to 100, where "0" means tha
you think therz is absolutely no chance |, and "100" means that you think the event ix
absalucly sure to happen,

2. Sunoy Day Warm Up Question

Let's trv an example and start with the weather, What do you think arc the chances that i
will be sunny toromrow i "0 means "a O percent chance of sunny weather,' "100" means
‘a 100 percent chance of sunny weather.' And vou can say any number from 0 to 100.)

3. Typexs of Prubabilily Questions
A. General Events

Sovial Security to Be Less Generous
How about the chances thar Congress will change Socizl Security so that it becomes less

gcncrous than now?

Double Digit Inflation
And how about the chances that the LS. cconomy will experience donble-digit intlarion
sometime during the next 10 vears or saf?

B. Events with Personal Information
Survival Probability
(What is Lhe pereent chance} that you will ive to be 75 or more?

Income Will Keep Up with Inflation
What do you think are the chances thal your income will keep up with intlation for the
next five years?

C. Events with Personal Contirol
Will leave inheritance
And what are the chances that you (and your (husband/fwite/partner)) will leave an
inheritance wtaling $ 10,00 or more?

Will Work at Age 62
TF R IS WOREKING FOR SOMEONE ELSE iNOT SELF-EMPLOYED): Thinking about

work in general and not just vour present job, what do vou think the chances are thal you
will be working OTHERWISE: What do you think the chances are that you will be
working {ull-urpe alter you reach age 627
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Table 4. Determinants of Share of Risky Assets in Portfolio in 1998

Share of Tolal Assets” which nre Risky

{la)’ (2u) i1hy (25

Eraction of Exucl Answers 0.0536 0498 00474 10441
(42133 (3.828% (362 33345

Fraction of Answers at .5 - 216 244
(-0 (1125

Log of 1995 Net Worth'" (.0817 {13 504 00805
(63.614) (63472} 18117 158.078)

Zexo or Negative Net Worth'™ in 1998 i.6330 0.6336 0.6227 0.6232
(A6 508) {36,521 (34 871) (34,8583

Single Female {.1264 4.0126 D.0092 (L AHI9D

[2.131) 2010 (1.512% (1.430)

Ningle hale 0.0072 (LHMA 0.M564 RIS

LR PES] {00575 (L8 (0,755

Houxehold Age, 1998 =0.0033 -[1.(H135 -LAM32 101033
128201 LR R | (- 160,908, (10955

Hispanic .0043 035 0.0097 00092

(L2367 {0.31¥) (0. 806} (1.763)

Black aim)27 ChlWp23 O 5 (LiKI41

(0,348 (0290 [0, 5700 LE12)

Edneandion Ch. WK1 & 00017

1586} (1.623)

lmmedizte Word Recall | R finn2a

‘1.056) {10600

Delayed ¥Word Recall (L0 {0003

‘0.135) (0.15%)

Constant -0,3894 -1.3315 -.4254 0,4172
{-16.181% -15.124) 15417 (-L4.293)

Number of Observations 12,334 11,339 12,339 12,334

Adjusted E-Squared 0.3119 03119 03121 niiA

“t-values in parenthasas.
o ) .
Wilhoul bousiog cguity,



Table 4A, Determinants of Share of Risky Assets in Portfolio in 1998

Controling for SSA Lifetime Earnings

Share of Total Assets” which are Risky

(3a) (da) (3b} {4h) {3c) {4c) G {4d)

Fraction of Exact Answers 0.0694G 673 0.0644 OG22 0706 10636 0.0654 0.0630
i3.486} {3.522) i2.133} 12.957) {3.524) {1 340) {3.175) {2080

Fraction of Answers a1.5 =14 50 =0.4177 -NNOted -(.0139
{-nA 20 10,4075 {0437 (0517

Lag of 1998 Net Worth™ LD 0.0M% 00002 0,092 0097 {L0ONR XTI | 041901
, 4LGSe) [41.5EA} (A8.361) (FR-E) E T {19 48 T4 137.05d,

Zero or Nepative N.Warth 1. 724% 07252 0.7194 0.719% 07139 0.7241 n.r9r T1uz
(25,7400 (2. 740 124765} (4,767} i23.134) (25026 i24.3%0 {14.337)

Single Female 00157 56 04125 vl 23 016y 0.016% hini2g G.0I28
11.154) {i.505 (1.16T) £1.1ay) (151 £1.5000} 1,114 i1.147;

Single Male CO0M)5 L0303 02831 0250 0.4F304 0.03ix2 0.0278 041275
(2,230 1230 e Rich )] P 1.048, (2,202 (2.143) (20617 11078

Huousehold Ape. 1005 L0034 -0.0034 -0.0033 0,003 00033 -0.0034 (33 00033
ERELY {-4.1308 (-0 (-4.051} 4041 ¢4 105 - 1.983] 3.5

Hispamin: 202 1497 10260 U250 00213 20D 0.0268 .0264
(1.204) (1.174) L300 4T3 (1.254) (L8 {1530 (1.515)

Black 0031 0.00zT 0.0036 L0n31 LAH43 0030 (a7 (L3
b 243 (0209 0377 (20 N.338) (.303] {1364 .52

Eduration .2 00012 (X0 b {1.41012
[ILE/SR )] (X5 (0 G {675}

Imnwediate YWord Rerall 00104 041106 0.0105 40105
i2.491 {2499 (2.6} (2477

Delayed Word Recall ~(LANTT -0.0077 -0.0075 0075
(2048 [-241d7 {-18U5) 4 1.008)

2nd Earnings Necile -L0194 -N.0E8Y -0.01840 -0.0174
(LE3% {1 ESR) (-818) (4L.TRY)

3rd Rarnings Decile 04284 -0.0280 Q0278 -0.0273
[-1.323} (-1.30H7 -1.2655) [1.270

dth Earnings Iecile -0.00M) 00022 K3} 0.1
£-[r13%) (-0, 103 Ak {0005

5th Earnitgs Decile -.01al -001s7 A.0165 0160
£ 0750 {0730 Ry {41743

6th Earnings Decile 0119 0112 00120 -(LUTE2
(0532} (b5 0R) i) 538, [(-£L524]]

7th Earnings Declle 4.003¢ 1.00:14 0.6037 0045
(VNI 1th2H MITL 2111

Bth Eaminps Decile 0035 =0.0075 040163 =-1.0093
¢ 4h3 86 [ NAST (-3 400 {2y

h Earmnings Decile -0.0042 =0.MET -0.0061 -{HI55
(4197 (4.168) -IL274 (-l 247}

10ih LEarnings Decile ~0.0206 -1y -1.0223 -0L0216
[-0.822} R0, [ 0893 [-1063)

Constanl -0L4%TR -0.4916 -L5H)5 05237 ALARTT 4816 -L5223 -0.5156
(-3 24} {-H.2417y i-B_750} S sy {8 05H) (761 (-4 233) i THGS)

Number of (hservations 4,365 4,305 4,365 4,15 4,365 4,305 4,365 4,365
Adjusted R-Sguared 03509 0.3508 (L3515 03514 n3s0d (3503 03510 03509

“'t-vuluey in parentheses.
LX) . . -
Withour howsing equiry.




Table 5. Determinants of Growth of Assets from 1992 to 1998°

Yearly Percent Change in Net Worth'

il [Z1) (1h) £2b)
Fraction of Hxact Answers 2023 0.2111 1000 0.1117
{8878} (R.847) (4.199) (4.577)
Fraction of Answers at .5 0572 007466
(1,327 {18k}
Loy of 1992 Net Waorth™ -7 0450 -11.0554 A.0585
{(-X3.692) (-23.723) {-27.454) (-27.508)
Single Female 0074y -0.0747 -0.0960 -0.0858
{7920 (-T.REY (-1000a Y {- 10,078}
Single Male -0, 0,543 =103 0,033 L0521
-2.603) (-2.5253} (-4.038) (-3.937)
Houschold Age, 1942 (A2 -040LE (L0003 =0, 00102
(-1.099) {-1.%04) (-0.37%) (-0 21
Hizpanias -0.1274 -0 1262 0,054 0?8
(-850 (-R.7 1)) £4.702) (-4.375)
Black -l %56 -0.0841 NS LTSGR
[-7.86) (-7.093) N ) [-6.9717
Educaiien no3ng 00209
(13.316) (13.3481
Immediate YWord Recall A HTE 000305
{0185} (0.231)
Dielayed Word Recull L6 0.0016
(0784 {0744
Cunstant 15868 .5676 4132 0387
(12.355) [11.433) (2,47 (7.562]
Mumber of (Miservalions 4,174 4,174 4131 4,111
0.1374 01376 0175l 0.1736

Adjusted B-Squared

“t-values in parcnthzses.
Without hausing ennity.



Table SA. Determinants of Growth of Assels [rom 1992 to 1998
Controling for SSA Lifetime Earnings

Yearly l"erceni Changc in Net Worth™

{3} da) {3h) E1)] {3) (de) (3d) (e}

Fraction of Exact Answers 0.2162 (L2288 0.1059 1199 2.1935 {1,2030 00065 0.1053
172G (8.5t 25, K (4.2 (7. {1500 [3.552] (1437

Fraction of Answers at .5 0.0830 (LO9H1 {10654 00799
. [1.00547" (1955 {1.573} 11.635)

Lag of 1992 Ner Worth 00474 TS L5775 -ALU5T6 L0531 L3 00615 -0616

(2465 {20 506 [-23.704) | 13757 {22465 -2 05, 06%) {25 15T}

Single Female 00815 L0514 ~0.10%1 0101 L0238 00243 00491 1. 10497
-7 574 (7963 1 0360 (4,358 1.004Y i-1.6div) -5 802 5

Single vale 00512 -(LU39y AL UGS -AL.(H63 L IM67 -0,0158 00372 (03610
3477 (333601 ¢ 43617 {-4.449) ~. 1055y 1037 [-2.4707 (A58

Household Ape, 195 -th.1HI11 = (A1) 00002 00001 {401 4 -U0.0013 A AHI0G AL TKI05
i-1.376 (-1.212; o029, £-M 100 17484} ¢-1.6200 {4,718} (41554

Hispanic L1293 01269 20,0727 -0L0699 AL05 00988 0528 00506
(-7 (-7.532; (b 1453 (-3.97d) ~5.796) {-5.68<) ¢ 30005} [-2.573)

Bluck 00956 -0.0032 0875 00847 00925 009U ANSd -0A831
1-T. 2508 (7031 a3 -0 450% AL {6,000 (b 1] -39

Education 4211 Al ni1a3 aning
(11 T5E3 (11 75y r10h THLE) RG]

Imimeeddiate Word Recall -1k WM -0, (e -(.(H111 =0.0009
(16T (-0.0873 {01,306 FRPEEE

Delayed Word Hecall 0.001% .13 LAuZ3 hOn2z
RS, {0 a3 (0.957% (.41

2nd Earnings Decile .4 {LIKI52 10086 (LUK
(251 (0227 0224 M3is

Zrd Harnings Decile ro212 0.3201 00232 00217
(I E) {0 LRy i 1.0tk (040

4th Earnings Decile 04433 0453 n.0439 (L6
[1.%0) LLETT) 12.012) (LMK

5th Earnings Decile 0.0743 Q0727 0.0710 0590
(5345 £2.264) 32400 (3.144)

fith Earnings Decile ILH584 (LOS63 D.0556 (L0514
(2645 ({1554} 1244600 (2.9%&)

7th Earnings Decile 00865 L0847 01730 L0764
(AT (1.5} {3651 (3500

Sth Earnings Decile 0.107% L1036 0083 00956
[4.808% 4694 (4.451) [ 3004y

9¢h Larnings Decile 1.[315 N30 (L1183 1.1 61
(5 RISy (5.734) {5 2T 5 155

10ih Eurnings Decile 0,1557 01530 L1363 {1340}
(6, 9%y (B0 g Jhe)] {5.007}

Constant 0.5720 05438 (33 03707 0.5635 0.5423 04076 1.3825
[ 1U.55%) 5. 545} 17.234) (6.366] (5. 94} [4.274) (TAKED {6.331]
Numbcr of Observations 3,133 3,133 3,111 3111 3,133 3,133 3,111 3,111
Adjusted R-Squared 1.1407 01412 U172 017499 1648 0.1630 L14%43 (L1264

" t-values in parentheses,
Without bousing ceuity.
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