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Abstract—The results of a national survey of smoking risks
and smoking behavior are analyzed. Smoking risk perceptions
follow the expected patterns given age differences in risk
information acquired and differences in information associ-
ated with smoking status. Risk perceptions are greater as one
moves to younger age cohorts, where overall lung cancer risks
are substantially overestimated. These risk perceptions in turn
have a negative effect on smoking decisions, where younger
individuals behave no differently in terms of the manner in
which they incorporate risk perceptions into their smoking
decisions.

I. Introduction

ROM the standpoint of market failure with

respect to individual decisions under uncer-
tainty, smoking behavior raises two classes of
issues. First, do individuals understand the poten-
tial risks posed by their smoking decisions? Sec-
ond, if they do understand these risks, do they
take them into account when deciding whether
they will smoke?

These concerns are particularly acute in the
case of younger individuals, since most smokers
initiate their smoking behavior when they are
relatively young. In view of the considerable at-
tention that has been focused on the costs associ-
ated with cessation of smoking, which have been
designated a problem of “addiction” by the Sur-
geon General,' it becomes particularly important
to determine whether young cigarette smokers
understand the risks and act upon these risk
perceptions in a responsible manner.
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Evidence from -other risk contexts does not
inspire confidence in these decision-making capa-
bilities. Younger drivers lead all age groups in
motor vehicle fatality rates, where a major com-
ponent of these accidents is attributable to
teenage drunken driving.?2 If irresponsible risk-
taking behavior in this decision context is re-
flected in others as well, then we would expect to
find evidence of inadequate risk perceptions and
failure to respond to risks when examining the
smoking decisions of younger individuals.

An offsetting influence is that the mix of the
information received by younger age groups will
incorporate more adverse information with re-
spect to the consequences of smoking. Public
dissemination of risk information has been
widespread, particularly over the past two
decades. Moreover, the increased social contro-
versy with respect to smoking has created height-
ened social awareness. One would expect that
individuals whose experiences have been domi-
nated by this more recent climate would have
higher risk perceptions than those with a longer
term perspective.

This paper will utilize a large national survey of
smoking risk perceptions and smoking behavior
to investigate the role of individual age with
respect to smoking. These data will enable us to
analyze smoking behavior as a case study in the
economics of potentially risky consumption deci-
sions. In particular, we will examine the level of
subjective risk perceptions using probability as-
sessments that make it possible to compare sub-
jective perceptions with actual risk levels to de-
termine the extent and direction of any bias. In

2 The highest motor vehicle fatality rate is for the age group
15-24. See the National Safety Council (1988), p. 6. The role
of teenage drinking and driving is explored in detail by Cook
and Tauchen (1984). Blomquist (1988) overviews the role of
alcohol consumption in models of auto safety.

[577 ]



578

addition, the results will illuminate the role of
different sources of information by analyzing the
variations in risk perception with age and smok-
ing status. Finally, it will be possible to assess
how these risk perceptions are transmitted into
smoking decisions, which is the main risk-taking
decision of consequence in this consumption area.
Although other studies of choices under uncer-
tainty either in the product market or the labor
market have addressed one or more of these
issues, no previous study has considered all of
these facets of economic decision making within a
particular choice context.? v

Studies of trends in smoking behavior, includ-
ing Hamilton (1972) and Schneider, Klein, and
Murphy (1981), have documented the responsive-
ness of smoking to shifts in information over
time. However, the contemporaneous nature of
the adverse smoking publicity, shifts in manda-
tory cigarette warnings, and Surgeon General’s
reports have complicated efforts to isolate the
specific factors at work. Moreover, none of these
studies examined the intervening linkage with
risk perceptions to be considered here.

Although the data considered in this paper are
quite extensive, they do not exhaust the range of
concerns. For example, the cross-sectional nature
of the data base will restrict our focus to issues of
static consumption choices. The role of changing
information over time and the impact of new
information on changes in smoking behavior will
not be explicitly examined. Moreover, the analysis
will focus on only one major class of risks of
smoking, lung cancer.

While the objective of the study is to provide a
better understanding of how consumers make
decisions involving risk, results for the cigarette

3 For example, in the case of job safety, analysts have linked
compensating differentials for risk with subjective and objec-
tive measures of risk, as in the case of Viscusi (1979) and
Viscusi and O’Connor (1984), but these studies do not explore
the perception bias issues in the same detail as possible with
the cigarette data. Studies of driving behavior and seat belt
use, such as Arnould and Grabowski (1981), do not explore
specific aspects of risk perceptions. Recent studies of hazard
warnings, such as Viscusi and O’Connor (1984), Viscusi and
Magat (1987), Smith et al. (1988), and Smith and Johnson
(1988), do not explore the perceptional bias and behavioral
response linkages to the same extent as they are examined in
this paper. The study by Kunreuther et al. (1978) of disasters
is also very extensive.
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choice situation are in no way meant to be repre-
sentative of how consumers make risky choices in
general. Indeed, much of the literature on the
rationality of choice under uncertainty has indi-
cated that the soundness of decisions varies con-
siderably by decision context. A distinguishing
feature of the cigarette decision is that the risks
have been highly publicized. Cigarettes must be
accompanied by mandatory product warnings, as
must cigarette advertising. The Surgeon General
is required by law to issue an annual report on
smoking and health, which generally receives sub-
stantial media coverage. One index of the contin-
uing media attention to smoking is the number of
articles on smoking published by Reader’s Digest
—23 from 1980-1989, 19 from 1970-1979, and 17
from 1960-1969 (counts by author). Ringold and
Calfee (1989) document the substantial promi-
nence of health concerns in cigarette advertising
since the 1920s. This advertising calls consumers’
attention to a negative product attribute, which is
highly unusual. There is also the potential for
observable feedback effects of smoking on one’s

~ health status that are likely to affect decisions in

a repeated consumption situation. Smoking deci-
sions are of particular interest in indicating how
consumers respond to a prominent product risk
communication effort.

After discussing the sample in section II, sec-
tion III will model the formation of risk percep-
tions, with a major prediction being that smoking
risk perceptions should be higher for younger age
groups and for non-smokers. Using detailed data
on lung cancer risk perceptions, one obtains re-
sults that accord quite closely with the expected
patterns of information acquisition. Overall,
young respondents overestimate the level of lung
cancer risks. After outlining the econometric
model in section IV, section V provides a regres-
sion analysis of the determinants of risk percep-
tion to analyze the independent effect of vari-
ables, such as individual age. Evidence indicating
that risk perceptions are higher in the case of
younger age groups still may be consistent with
market failure if the young do not respond to
their perceptions when making their smoking de-
cisions. The regression results in section VI indi-
cate that the linkage of smoking risks to smoking
behavior for the age range 16-21 is not signifi-
cantly different from that of older age groups.
Section VII concludes this paper.
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TaBLE 1.—SAMPLE CHARACTERISTICS

Variable Mean (Std. Dev.)

AGE16-21 (Respondent Age 16-21 d.v.) 0.113
(0.316)

AGE?22-45 (Respondent Age 22-45 d.v.) 0.512
(0.500)

AGE46 + (Respondent Age 46 or older d.v.) 0.368
(0.482)

MALE (d.v.) ‘0.366
(0.482)

HOUSEHOLD SIZE (number) 2.193
(0.983)

SMOKER (d.v.) 0.250
(0.433)

PAST SMOKER (d.v.) 0.248
(0.432)

RISK 0.426
(0.269)

North East Metro (d.v.) 0.170
(0.376)

North East Nonmetro (d.v.) 0.042
(0.201)

North Central Metro (d.v.) 0.178
: (0.382)
North Central Nonmetro (d.v.) 0.086
(0.280)

South Metro 0.187
(0.390)

South Nonmetro 0.129
- (0.335)

West Metro 0.169
(0.374)

West Nonmetro 0.039
(0.195)

Sample Size 3,119

II. Sample Characteristics

The data base used for this analysis is a na-
tional survey of smoking behavior by a New York
research firm, Audits and Surveys.* The sample
was based on a 1985 national telephone survey
that was undertaken on a randomized basis,
drawing from all four U.S. Census regions. The
sampling procedure stratified each Census region
into metropolitan and non-metropolitan areas.
Sample size differences across areas reflected
population differences. The regional breakdown
of the sample is given in table 1. The only sample
screen was that the respondent had to be at least
16 years old.

After making contact with the house, a random
selection procedure determined which household

4 This survey was commissioned by a consortium of defense
law firms representing the cigarette industry. See Viscusi
(1990) for a companion analysis of these data.

579

member would be the respondent.’ Adults in the
age group 22-45 comprised 51% of the sample,
and men comprised 37%. The primary age group
of interest here is the young age group in the age
range 16-21. Half of the sample were non-
smokers, and the remainder were equally divided
between smokers and former smokers.

The central variable in the empirical analysis is
the risk perception variable (RISK). The survey
asked respondents how many of each group of
100 smokers would get lung cancer. By ascertain-
ing the risk level with respect to a base popula-
tion, the survey incorporated a procedure that
has been shown to be a meaningful way to elicit
probabilistic information in survey contexts.®
Risks viewed with respect to a base population
are much more readily understood than, for ex-
ample, probabilistic information. Overall, there
were 3,119 complete survey responses, where the
sample is limited to individuals with valid obser-
vations for the RISK variable, which is the key
variable of interest. There were 381 individuals
with missing RISK responses, or 11% of the
sample. The non-respondents were similar to
those with valid RISK responses except that older
individuals were less likely to answer the RISK
question. The possibility of sample selection bias
will be explicitly addressed in the results below.

Although lung cancer represents an important
risk of smoking, the wording of the risk percep-
tion question is not ideal. First, the question
ascertained the overall risk perception for lung
cancer, not the fatality rate from lung cancer.

5 The interview began with a detailed series of questions to
first determine the number of household members age 16 or
above and then to ascertain the sex and relative ages of these
individuals. These questions established an ordering of house-
hold members that provided a uniform basis for undertaking a
random selection of the respondents from among those at
home.

6 This procedure of treating risks within the context of a
total number of outcomes out of a base population has, for
example, been used with success in Viscusi (1988) and Viscusi,
Magat, and Huber (1987). In Viscusi (1988), I estimate the
lung cancer fatality risk through a hazard warning study
involving a base population -of 11 million Illinois residents
within the context of a written survey. The assessed lung
cancer death risk from smoking of 0.33 is of a magnitude
similar to the 0.43 lung cancer incidence rate assessed here.
Testing of different risk denominators within the context of a
telephone survey indicates that the 100 smoker denominator is
the most easily understood. When, for example, respondents
were given other base populations such as the total state
population or 1000 smokers, they almost invariably ignored
the denominator and gave the percentage or fraction of
smokers who would develop lung cancer.
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This distinction is not of substantial consequence
because the mortality risk from lung cancer is
quite high.” In addition, in a subsequent survey
by the author, assessment of the lung cancer
fatality rate from cigarette smoking was found to
be somewhat lower, but quite similar to the over-
all lung cancer risk assessment.® A potentially
more important omission is that adverse health
effects other than lung cancer were not included
in the survey. Even if these survey results provide
only a partial perspective on the overall risks of
cigarette smoking, the findings are nevertheless
instructive because of the importance of the lung
cancer component. A partial focus on a single
risk component is the dominant one in the eco-
nomics of risk—dollar tradeoffs literature as, for
example, job risk studies typically focus on wage
premiums for fatality risks and do not analyze
risk premiums for disease. In addition, individual
awareness of lung cancer risks is strongly corre-
lated with awareness of other risks of smoking,
such as throat cancer and heart disease (see the
Gallup Poll 1981), so that lung cancer risk per-
ceptions serve in part as a proxy for overall smok-
ing risk perceptions.® To the extent that the in-
complete coverage of the lung cancer risk percep-
tion variable proves to be of consequence, the
analysis will note any potential biases below.

III. The Risk Perception Model

Let us treat the formation of risk perceptions
within a Bayesian learning framework. In particu-
lar, we will use a beta distribution to characterize
the learning process since this distribution is

"In particular, for untreated cases of lung cancer, 95% of all
lung cancer patients are dead within a year. The five-year
survival rate even for treated cases of lung cancer is also low.
See Overholt, Neptune, and Ashraf (1975). Individuals may,
however, overestimate their chance of survival of lung cancer.
The 1978 American Cancer Society Survey indicated that 71%
of smokers believed that there is a “very good chance” or a
“fairly good chance” that lung cancer could be cured “if lung
cancer is detected early.” The quantitative significance of such
qualitative risk assessments is unclear, and the probability of
assessed early detection is not indicated. The same survey
indicated that cigarette smoking led the list of cancer causes
in the view of smokers and nonsmokers. See “Public Attitudes
Toward Cancer and Cancer Tests,” CA4-A Cancer Journal for
Clinicians, Vol. 30 (1980), pp. 92-98.

In Viscusi (1988) I show that the assessed cigarette smok-
ing death risk is 0.33.

? Analysis of the trends in Gallup Poll results over time also
~ indicates that trends in lung cancer risk perceptions follow
those for other smoking risks.
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highly flexible and is ideally suited to analyzing
binary lotteries such as this. Assuming a normal
distribution yields an identical mathematical
structure but imposes far more stringent symme-
try requirements. This approach was introduced
by Viscusi (1985) and Viscusi and O’Connor
(1984) and has also been successfully utilized by
Smith and Johnson (1988). The formulation be-
low introduces a variant of this model, recogniz-
ing three different sources of smoking risk infor-
mation.

Individuals have three sources of information.
First, they have their prior risk assessments p,
which have associated informational content ¥,
(i.e., the informational weight placed on the prior
is equivalent to observing ¥, draws from a
Bernoulli urn). The second source of information
consists of direct and indirect individual experi-
ence. The individual may have been a cigarette
smoker and formed a risk assessment based on
the observed health effects (e.g., increased cough-
ing), or one may learn about adverse health ef-
fects on others. Let g denote the risk assessment
derived from experience, and vy, be the associ-
ated informational content. The third source of
risk information consists of information about
smoking that has been communicated to the indi-
vidual, ranging from newspaper stories to hazard
warhings on cigarette packages. Let r be the risk
implied by this information and £, be its infor-
mational content. The final bit of notation is that
it is useful to denote the fraction of the total
informational content associated with each infor-
mation source rather than its level, and we will
drop the O subscript in this instance (i.e., ¥ =
Wo/(¥o + vo + &0, V.= Yo/ (¥p + v + &), and
E=¢&/(Wy + yp + €p).

The individual’s lung cancer risk perception
function takes the simple additive form,

Yop + yoq + &or
Yo+ v + &0

RISK = =V¥p + yq + ¢r,

(1)

so that the risk implied by each source of infor-
mation is weighted by the fraction of the informa-
tional content associated with it.

The formulation in equation (1) is particularly
instructive in interpreting variations in risk per-
ception with age and smoking status. The rows in
table 2 give lung cancer risk perceptions for dif-
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TABLE 2.—VARIATIONS IN Risk PERCEPTIONS
WITH AGE AND SMOKING STATUS
MEAN RISK (STD. ERROR OF MEAN) BY GROUP

All
Current  Former Non- Respondents
Age Group Smoker Smoker Smoker in Age Group
AGE16-21 445 429 S11 .490
(.043) (.037) 017) (.015)
AGE22-45 382 390 454 417
(.011) (.013) (.010) (.006)
AGE46 + 328 421 456 418
017 (.015) (o11) (.008)
All Ages 368 408 464 426
(.009) (.010) (.007) (.005)

ferent smoking groups, conditional on the age
group, and the columns give risk perceptions for
different age groups conditional on smoking sta-
tus.

Suppose that publicly provided risk informa-
tion conveys a higher risk than the individual’s
prior risk beliefs (r > p) and experiences (r > q).
Even if the intent of the information campaign is
to provide accurate information, limitations on
individual processing of the information may lead
to overassessments of the risk. As the risk per-
ception literature has demonstrated, there is of-
ten a tendency for people to overassess highly
publicized events.! Media coverage of smoking
risks dwarfs the coverage given to most other
risks. Moreover, this coverage usually indicates
that smoking is risky; it does not provide proba-
bilistic information in any meaningful sense. If
the saliency of the risk information creates a
similar bias in the case of smoking, we would
expect there to be overestimation of the risk.
Other factors, such as the remoteness of the risk
and the large size of the risk, may work in the
opposite direction so that there is no unambigu-
ous prediction from the risk perception literature
pertaining to the direction of bias.

If, however, the sources of risk information
have the associated probabilities indicated above,
we would expect that as you move from the
younger to the older age cohorts that the risk
perception should decline. For younger individu-
als the role of experience with cigarettes will be
less so that governmental information will play a

105ee Camerer and Kunreuther (1989); Combs and Slovic
(1979); Fischhoff et al. (1981); Lichtenstein et al. (1978);
Viscusi (1985, 1988), and Viscusi and Magat (1987).
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greater role,‘leading to a higher risk assessment.
The Bayesian learning model also predicts a
dampening of the drop-off with age:

92 RISK
g2

This pattern is borne out for the data in table
2. In particular, for each of the three smoking
categories the adult population group has lung
cancer risk perceptions that are significantly lower
than for the young age group.'! In addition, when
one moves to the oldest population group
(AGE46 +), the risk perception drops even more
for current smokers, but for all respondent groups
there is no significant decline in risk perceptions
between the middle and oldest age groups.'? This
diminishing effect of risk information is also con-
sistent with a rational learning model.

The general pattern as one moves across the
rows (from current smokers to former smokers
and then to nonsmokers in any age group) is that
the risk perception rises, which one would expect
since we are moving toward groups with a higher
proportion of their information coming from gov-
ernmental sources.!*> The only case where a rise
does not occur (i.e., young current smokers have
a higher risk assessment than young former
smokers) involves a difference that is not statisti-
cally significant. Moreover, it is \un‘clear which of
the two groups has actually had more experience
smoking cigarettes. In addition, the differences
between the two groups are not statistically sig-
nificant. The interpretation of the smoking status
results is not as clearcut as the age variations

<0 ifp,g<r.

" The difference in means for the Age 16-21 group minus
Age 22-45 group and the associated 95% confidence intervals
are the following: .063 + .035 (current smokers), .039 + .033
(former smokers), .057 + .024 (nonsmokers), and .073 + .016
(all respondents).

12 The difference in means and the associated 95% confi-
dence levels for the AGE46 + group minus the AGE22-45
group are: —.054 + .026 (current smokers) and .001 + .014
(all respondents). ‘

The paiterns for all age groups combined are statistically
significant. Most, but not all, of these differences for particu-
lar age groups are statistically significant. The differences in
RISK means and the associated 95% confidence interval for
former smokers minus current smokers are —0.016 + 0.080
(AGE16-21), 0.008 + 0.023 (AGE22-45), 0.093 + 0.031
(AGE45 +), and 0.040 + 0.020 (all ages); for non-smokers
minus current smokers the differences and 95% confidence
intervals are 0.082 + 0.041 (AGE16-21), 0.064 + 0.022
(AGE?22-45), 0.035 + 0.025 (AGE45 +), and 0.056 + 0.016
(all ages).
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TABLE 3.—DISTRIBUTION OF Risk PERCEPTION FOR CIGARETTE SMOKING, AGES 16-21
Distribution
of Risk All
Perceptions All Age Respondents All Smokers
(RISK) Groups Age 16-21 Smokers Age 16-21
RISK < .05 .052 .031 .092 .083
.05 < RISK < .10 .046 .034 .051 .067
.10 < RISK < .20 117 .088 130 117
.20 < RISK < .30 136 117 146 133
.30 < RISK < .40 .090 .094 114 117
.40 < RISK < .50 .052 .063 .050 067
.50 < RISK < .60 239 .188 228 .083
.60-< RISK < .70 .070 .097 .056 .017
.70 < RISK < .80 .084 105 .050 .083
.80 < RISK < .90 .042 .088 .027 .067
.90 < RISK < 1.00 .041 .057 .028 .067
RISK = 1.00 .030 .037 .026 .100

Mean RISK 426 .490 368 445

(Std. Error of Mean) (.005) (.015) (.009) (.043)

because smoking status is the result of a discre-
tionary decision. Other explanations, such as cog-
nitive dissonance and the self-selection of people
with low risk assessments into smoking, are also
possible. !4 ‘

Table 3 provides a more detailed perspective
on the distribution of risk perception levels. As is
indicated by a comparison of the risk perceptions
for the entire sample in all age groups and for the
younger individuals, the younger respondents tend
to have higher risk perceptions than their more
senior counterparts. In particular, younger indi-
viduals are more concentrated in the higher risk
perception categories than older individuals.
Moreover, for all smoking status groups, the
AGE16-21 group has a significantly higher level
of lung cancer risk perceptions.!’

An interesting policy question is the extent to
which individuals overestimate the risk. . Thus,
from the standpoint of market failure we are not
simply concerned with the level of risk percep-
tions, but whether these perceptions are above or
below the actual risk level. It should be empha-
sized that these assessments pertain only to the
lung cancer risk, not all risks of smoking. The

14 Akerlof and Dickens (1982) provide a discussion of eco-
nomic models of cognitive dissonance.

3 For the sample of all individuals irrespective of smoking
status, the difference in means and the associated 95% confi-
dence interval is 0.064 + 0.014, and for smokers it is 0.077 +
0.032.

overall smoking risk perception is what is perti-
nent for such broader policy judgments.'®

Although the scientific basis for determining
the lung cancer risk is not precise because of the
difficult problems in tracking causality for dis-
eases, the best estimates using information pro-
‘vided by the Surgeon General indicate that the
“true” lung cancer risk is in the range from 0.05
to 0.10.'7 Since table 3 provides detailed break-
downs by deciles, readers wishing to explore the
sensitivity of the results to other reference risk
levels can do so.

The overall implication of table 3 is that indi-
viduals assess the lung cancer risks associated
with smoking as being greater than the “true”
risk level, and the extent of overestimation is
particularly great for the youngest age cohort.
Moreover, the asymmetry of risk perceptions

oA subsequent survey -1 have undertaken indicates that the
overall assessed death risk from smoking exceeds the assessed
lung cancer risk and the actual mortality risk but by less than
the ratio of the overall smoking mortality rate to the smoking
lung cancer rate. These other risk results appear in Viscusi
(1992). )

'""The calculation of the overall risk level consisted of
several components. The first is the number of lung cancer
deaths per year, which is 110,000, of which 85% are believed
to be due to cigarette smoking (U.S. Dept. of Health and
Human Services (1982), p. vi). To calculate the lung cancer
risk level, one must divide the total number of lung cancer
death risks by the number of smokers, which is a figure
obtained from the U.S. Dept. of Commerce (1985), p. 119.
Finally, the risk range is obtained by assuming lifetime smok-
ing periods ranging from 30 to 60 years, which lead to an
associated risk range of 0.05 to 0.10.
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around the “true” risk leads to overestimation
that greatly exceeds risk underestimation. The
net effect is that only a small segment of the
sample underestimates the actual risk level. In
the case of young cigarette smokers, under 10%
of the sample believes that the risk is less than
0.05, and only 15% of the sample believes that
the risk is less than 0.10 so that the overwhelming
majority have risk assessments in excess of the
estimated risk level.

The risk perceptions of those below the “true
risk” level are quite different from those above
this amount. For respondents with a risk thresh-
old of 0.05, the average value of RISK and its
associated 95% confidence interval is 0.015 +
0.001, whereas for respondents with RISK values
greater than or equal to 0.05, the mean RISK
and its associated 95% confidence interval is
0.449 + 0.005. Similarly, with a risk threshold of
0.10, one obtains 0.034 + 0.001 for risk underesti-
mators and 0.468 + 0.005 for those with RISK >
0.10.

An intriguing aspect of table 3 is the reason-
ably large fraction of smokers—10% of all young
smokers—who believe the risk level is 1.0, yet
they continue to smoke. Although rational expla-
nations involving the role of time lags and dis-
counting are no doubt possible, another con-
tributing factor is that the assessed cases of lung
cancer per 100 smokers tends to be clustered at
salient numbers. Respondents assessing a RISK
of 1.0 may believe that lung cancer is highly likely
but not necessarily a certain outcome.

IV. The Equations to Be Estimated

The beta distribution formulation in equation
(1) leads quite directly to an empirical specifica-
tion for purposes of estimation. The dependent
variable in the risk perception equation pertains
to lung cancer risks and not all risks of smoking.
This equation provides only a partial assessment
of the determinants of all smoking risk percep-
‘tions. The partial coverage creates no bias in the
estimates for the determinants of lung cancer risk
perceptions since the lung cancer variable is the
dependent variable in the analysis.

If we let X;; be a vector of variables character-
izing each source j of information for person i
(i.e., j = 1 for prior beliefs, j = 2 for direct infor-
mation transfer, and j = 3 for smoking-related
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experience), and let a; be the associated vector
of coeflicients, then the lung cancer risk percep-
tion equation to be estimated for person i can be
written

RISK’ = Qg + aIX” + a2X2,~ + a3X3i + ui,

“where u; is a random error term.'® The variables

included in Xj3; include the respondent’s past and
current smoking status. Past smoking decisions
are predetermined and consequently can be
treated as .exogenous. Current smoking status
likewise may be predetermined because of the
long-term nature of such consumption decisions,
but on theoretical grounds current smoking status
could be endogenous. Although one cannot reject
the possibility that smoking status is not endoge-
nous, I will also include results that allow for the
possibility of simultaneity. In addition, the poten-
tial for selectivity bias with respect to the lung
cancer risk responses will be taken into account
by including the inverse of the Mill’s ratio using
a probit estimation procedure described by
Heckman (1976). This hazard rate term pertain-
ing to the probability of a non-response to the
RISK question will be denoted by LAMBDA.
One can consequently 'rewrite: equation (2) as

+a, SMOKER, + a5 LAMBDA, + u;.
(3)

The dichotomous smoking decision is governed
by the equation

SMOKER, = B, + B,Y,; + B, RISK; + €;, (4)

where Y,; is a vector of variables pertaining to
tastes for cigarettes and cigarette prices. Because
of the discrete nature of smoking status, equation
(4) will be estimated using probit analysis.

For the simultaneous equation estimation of
equations (3) and (4) conventional two-stage least
squares analysis is not appropriate because of the
discrete nature of the smoking variable. Instead, I
will adopt the procedure suggested by Maddala
(1983, pp. 244-245). First, form the reduced form

'8 The implications of estimating In(1 + RISK) are almost
identical, but this formulation lacks the theoretical basis of
the linear specification. Other nonlinear specifications of the
risk perception equation led to results very similar to those
yielded by equation (2), so the analysis will focus on the
simple linear model.
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TABLE 4.—LuUNG CANCER Risk AssEsSMENT EQUATIONS

Coefficients (std. errors)

Independent
Variables 1 3 4 5
Intercept 4362° 4790 51752 5250 .5143%
(.0172) (.0242) (.0246) (.0554) (.0354)
AGE16-21 0736 0711* .0546* .0554* .0497?
(.0170) (.0170) (.0170) (.0170) (.0217)
AGE?22-45 .0028 —-.0004 —.0004 .0055 .0011
(.0104) (.0105) (.0104) (.0104) (.0150)
MALE —.0564* —.0556% —.0489* —.0480* —.0484*
(.0100) (.0100) (.0099) (.0099) (.0100)
HOUSEHOLD SIZE .0041 .0039 .0032 .0040 .0037
(.0050) (.0051) (.0050) (.0050) (.0051)
PAST SMOKER OR — — —.0681* — —
SMOKER — — (.0097) — .
SMOKER — — — —.0830 —.0827*
(LV.)) — — — (.0164) (.0164)
PAST SMOKER — — —_— —.0450* —.0447*
(LV) — — — (.0107) (.0107)
LAMBDA — —_ — — 0078 .
(Selectivity — — — — (.0187)
bias term)
Ideas Heard:
SHORTENS LIFE — -.0079 —.0084 -.0123 -.0123
(.0135) (.0134) (.0134) (.0134)
DANGEROUS TO —_ —.0237* —.0262¢ -.0272¢ —.0272%
HEALTH (.0140) (.0138) (.0138) (.0138)
BAD, NOT — —.0382% —.0360% —.0362% —.0362%
DANGEROUS (.0135) (.0134) (.0133) (.0133)
NOT BAD —_ .0089 .0051 .0023 .0021
FOR HEALTH (.0133) (.0132) (.0132) (.0132)
R? 02 02 .03 05 05

Note: Each equation also includes a series of 7 regional dummy variables.
# Coeflicients are statistically significant at the 5% level, one-tailed test.

analogs of the I‘lSk perception and smokmg prob-
ability equations.'® The risk perception equatlon
(3) is then estimated by OLS after the SMOKER
variable is replaced by the probit estimate of the
smoking probability from the reduced form
SMOKER equation. The smoking probability
equation (4) is estimated by probit after replacing
RISK by the reduced form estimate of RISK;.

V. The Lung Cancer Risk Perception
Equation

Table 4 reports several specifications of the
lung cancer risk perception equation in which
different sets of variables are included so as to
distinguish the different influences at work. The

In each case I augment the set of instruments by 50
detailed regional dummy variables. Moreover, for the RISK
equation I also include a variable for whether RISK was
above or below its median in a procedure developed by Wald
(1940) and described in Kmenta (1986, pp. 361-362).

low explanatory power of all three equations in
table 4 suggests that factors other than those
reflected in these demographic and broad infor-
mational variables account for smoking risk per-
ceptions. The focus here is not on developing a
predictive model but on testing specific hypothe-
ses relating to respondent age.

Equation 1 in table 4 includes only the back-
ground variables and regional dummy variables,
which reflect differences in experience, the char-
acter of information that has been acquired, and
regional price differences. The youngest age group
(YOUNG) has higher risk perceptions, which is
consistent with the earlier view that the smoking
information the youngest cohort has received in-
cludes a much higher fraction of high risk mes-
sages. The Surgeon General’s efforts and the
character of cigarette warnings have become more
stringent in recent years, and there has been a
dramatic increase in social pressure against smok-
ing. As predicted, the young will be more heavily
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affected by the recent anti-smoking campaigns.
Males have a significantly lower risk perception,
on average. This pattern may reflect sex differ-
ences in attitudes toward risk or a difference in
exposure to smoking. Men are more likely to be
in contact with smokers than are women so that
they will have lower risk perceptions if these
experiences provide lower perceptions of risk than
the anti-smoking campaign efforts. Both the

YOUNG and MALE coefficients remain strongly

significant in all five specifications so that these
effects are not attributable to the omission of
other substantive variables.

Equation 2 of table 4 adds a series of four
variables that pertain to whether the individual
has heard different statements about cigarette
smoking, thus capturing the role of various forms
of information that has been received. In particu-
lar, respondents were asked whether they had
heard that “cigarette smoking will most likely
shorten a person’s life” (SHORTENS LIFE
dummy variable—d.v.), “cigarette smoking is
dangerous to a person’s health” (DANGEROUS
TO HEALTH d.v.), “cigarette smoking is bad for
a person’s health but not dangerous” (BAD, NOT
DANGEROUS d.v.), and “cigarette smoking is
not bad for a person’s health” (NOT BAD FOR
HEALTH d.v.). These variables represent differ-
ent X} values in equation (3) above.

The four informational variables included in
equation 2 of table 4 have little effect on risk
perceptions, which suggests that these statements
have little informational content beyond what
people already know. Two of the variables have
coeflicients that are not statistically significant,
and the other two are of small magnitude. Some-
what surprisingly, the statement that is closest to
the 1965 Surgeon General’s warning (DANGER-
OUS TO HEALTH) is associated with a risk
perception 0.02 lower than average. A somewhat
greater negative discrepancy is observed for BAD,
NOT DANGEROUS.

Equation 3 in table 4 includes a dummy vari-
able for whether the respondent has ever smoked
either in the past or at present. Since this vari-
able could potentially be endogenous, this possi-
bility was tested formally and rejected.?’ The
results for equation 3 in table 4 indicate that past
smoking has the expected negative effect on risk
perceptions, as a history of smoking reduces the
perceived RISK probability by 0.07.
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Equations 4 and 5 in table 4 report on esti-
mates from the simultaneous equations system.
The CURRENT SMOKER variable has been
jointly estimated using the two stage procedure
described above, and the PAST SMOKER vari-
able is also an instrumental variables estimate.?!
Both of the smoking status variables have signifi-
cant negative effects on the risk assessment, as a
CURRENT SMOKER will assess the lung cancer
probability as being 0.08 lower and a PAST
SMOKER will assess the probability as being 0.05
lower. Equation'5 adds the selectivity bias term
LAMBDA, which is not statistically significant.

VI. Age Differences in Smoking Behavior

The costs associated with altering one’s con-
sumption behavior are only of consequence if
there is a change in one’s optimal consumption
decision over time. One prominent source of
change is individual learning. If individuals begin
smoking at a young age because they underassess
the risk and then subsequently increase their risk
perceptions, there may be expected welfare bene-
fits associated with quitting. The transactions costs
associated with quitting may make this a costly
process of learning and adaptation, so that there
will be a welfare loss as compared with the situa-
tion of full information regarding the actual risk
level. It is often suggested by critics of cigarettes
that individuals become lured into smoking in
this manner. The results in sections III and IV
did not indicate any such age-related bias. In fact,
the opposite bias was evident.

The risk perception results do not in and of
themselves eliminate the potential for irrational
behavior by younger age groups. Other potential
health hazards of smoking and one’s understand-
ing. of the costs of changing one’s smoking behav-

2 Using the demographic variables and a set of 50 refined
regional variables as instruments, one can estimate the instru-
mental variables for PAST SMOKER or SMOKER, which is
included in addition to the variables in table 4. This con-
structed variable had an estimated value of 0.0316 and a
standard error of 0.0929 so that one cannot reject the hypoth-
esis that the original PAST or CURRENT SMOKER variables
are not endogenous. The smoking variable consequently passes
the Hausman (1978) specification test. The excluded instru-
ment set (i.e., the regional variables) also passes a test of
overidentifying restrictions. Finally, making a distinction be-
tween past and current smokers was not consequential, as
there was no statistically significant difference in the effects.

The instrument set was the same as was used to estimate
the reduced form SMOKER equation.
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TABLE 5.—SUMMARY OF TEENAGER—RISk PERCEPTION INTERACTIONS
FOR PROBIT ESTIMATION OF SMOKING PROBABILITY EQUATION

Coefficients (std. errors)

Specification RISK YOUNG YOUNG X RISK
Probit Estimates
Basic Equation -0.6716 -0.41192 0.2976
(0.0999) (0.1614) (0.2976)
Basic and Ideas Heard —0.68722 —0.44352 0.3246
Equation (0.1004) (0.1623) (0.2982)
Basic and Attitudes —0.49922 —0.3009 0.4811
Equation (0.1391) 0.2112) (0.3869)
Basic and Ideas Heard -0.51922 —0.3383 0.0772
and Attitudes Equation (0.1402) (0.2134) (0.3887)
Simultaneous Equation Probit Estimates
Basic Equation —0.99982 —0.39422 0.3032
(0.1289) (0.1605) (0.2965)
Basic and Ideas Heard —-1.02752 —-0.42712 0.3339
Equation (0.1300) (0.1614) (0.2973)
Basic and Attitudes —0.64592 —0.2608 0.0185
Equation (0.1812) (0.2090) (0.3831)
Basic and Ideas Heard —0.6776 -0.2990 0.0131
and Attitudes Equation (0.1833) (0.2113) (0.3852)

# Coefficients are statistically significant at the 5% level, one-tailed test.

ior also enter. Moreover, one must also show that
this group acts upon these perceptions in making
their smoking decisions.

To analyze smoking behavior, let the depen-
dent variable be whether or not the individual
smokes, which is a dichotomous 0-1 variable. The
subsequent analysis of smoking behavior will con-
sider the effect on smoking of a series of risk
perception and personal characteristic variables.
The first four equations in table 5 report the
probit estimates of the smoking equation, where
RISK is not treated as endogenous. The second
set of equations at the bottom of table 5 report
the probit estimates obtained using the simulta-
neous model discussed in section IV.

Four different probit specifications are ad-
dressed in table 5. All equations include the lung
cancer risk perception (RISK), whether the re-
spondent is in the YOUNG age cohort, and an
interaction between YOUNG and RISK to iden-
tify a possible difference in smoking behavior.
The basic equation includes these measures as
well as three demographic variables and seven
regional dummy variables. The second ‘equation
adds a series of four dummy variables for various
ideas that the individual may have heard about
smoking, such as that smoking is dangerous to
one’s health. These variables capture in part
omitted aspects of risk information that may be

pertinent to smoking behavior. The third specifi-
cation adds a series of 24 smoking attitude 0-1
dummy variables. These variables are the results
of an open-ended memory recall task in which
the surveyor elicited the respondent’s attitude
toward smoking behavior.?? The overwhelming
majority of the attitude probe responses were
negative, as respondents indicated that smoking
causes cancer, affects health, shortens life, or is
otherwise unattractive. These memory recall vari-
ables capture tastes and omitted aspects of risk
perceptions not reflected in the lung cancer vari-
able.

The results are similar in each case. For each
of the four specifications there is no statistically
significant difference in the smoking behavior of
the youngest age cohort in the sample. The
greater risk assessments of the YOUNG group
are transmitted into reductions in smoking behav-
ior in the same manner as for the rest of the
population. In particular, the independent effect
of the YOUNG coefficient and the interactive
effect of YOUNG with RISK are consistently not
statistically significant. Moreover, the indepen-
dent influence of RISK indicates a significant

2 This technique is utilized in Magat, Viscusi, and Huber
(1988), and as is indicated in that paper this memory recall
task will not bias subsequent risk perception questions in the
survey.
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negative effect of lung cancer risk perceptions or=*
smoking behavior. These effects appear to be
somewhat greater for the simultaneous equation
model.

VIL.

The patterns of smoking and risk perceptions
accord with one’s expectations given the charac-
ter of the risk information that has been pro-
vided. There has been a tremendous amount of
publicity devoted to the hazards of smoking.
Given the pronounced tendency to overestimate
prominent risks, one would expect individuals to
overestimate smoking risks. This bias does not
reflect a failure to process risk information accu-
rately, as the typical form of governmental risk
information transfer indicates that a hazard i
present but does not indicate its specific prob-
ability.

The observed pattern of risk perceptions ac-
cords with what one would expect given the dif-
ferent mix of risk perceptions for different seg-
ments of the population. Most important is that
the youngest age cohort has a high risk percep-
tion and is more likely to overestimate the risk
than the population at large, which reflects their
substantial reliance on recently provided informa-
tion pertaining to smoking risks.

The presence of substantial perceptions does
‘not necessarily imply that the subsequent smok-
ing decisions by younger individuals will be ratio-
nal. The empirical evidence does indicate that
perception of the risks influences smoking behav-
ior. Moreover, examination of the determinants
of smoking behavior indicates that there is no
statistically significant difference in the manner in
which risk perceptions influence smoking behav-
ior for the youngest age cohort. These resilts are
also pertinent to formulation of economic models
of smoking “addiction” since any welfare losses
associated with costs of changing consumption
behavior depend on the rationality of one’s deci-
sions at the time when this consumption is initi-
ated.”

Conclusion
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