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Abstract

We report several contingent valuation surveys to elicit willingness-to-pay for risk
reductions associated with decreases in exposure to a chemical, PCBs, in the
environment. We also develop Quality Adjusted Life Years (QALYSs) from the survey
using either standard gamble or time-tradeoff elicitation methods to explore the
relationship between QALY and willingness to pay (WTP), and to develop QALY
weights for subtle developmental effects. The results of the contingent valuation are
designed for incorporation into an integrated risk model to demonstrate the economic
impact of risk reductions. Respondents showed a positive and proportional relationship
between decreasing the risk of a 6-point reduction in 1Q and WTP. Socioeconomic
variables were not statistically significant predictors of WTP, while behavioral variables
were strongly predictive and statistically significant. The range of mortality risks that
respondents would accept on behalf of their (hypothetical) 10-year-old child is 2 in
10,000 to 9 in 1,000 per 1Q point, and WTP per 1Q point is $466 (95% confidence
interval = $380, $520). QALY weights elicited via time tradeoff (reduction in life
expectancy) were statistically significantly different from QALY weights elicited via a
standard gamble. Respondents who answered questions about ecological endpoints first
were willing to pay a small additional amount when asked about human health effects,
but those respondents who answered questions about human health endpoints first were
not willing to pay any additional amount when subsequently asked about ecological
effects. WTP models demonstrate the importance of obtaining behavioral and cognitive

information from respondents when eliciting WTP and in tests of sensitivity to scope.



1. Introduction

Potential health effects resulting from exposure to environmental chemicals can
range from severe terminal illnesses such as cancer to milder, systemic illnesses. One
category of effects that is receiving increased attention includes developmental and
reproductive effects, such as reduced fertility, low birth weight, genetic defects, and
cognitive deficits. The policy implications of these exposures have yet to be realized, in
part because the relationship between exposure and effects is not well quantified, and in
part because there is a dearth of data and information with which to quantify the benefits
of risk reductions associated with exposure to chemicals that exert these kinds of effects.
One such chemical, polychlorinated biphenyls or PCBs, contribute to the existence of fish
consumption advisories in virtually every state, indicating that this exposure has
important implications for public health. Other contaminants, such as mercury and lead,
also pose developmental risks.

Cannon et al. (1996) conducted a scoping study to evaluate the literature and data
available with which to quantify the value society places on avoiding potential effects
from in utero exposures to chemicals. Their primary finding was that there are very few
existing studies with which to quantify the monetary (or other valuation metric) of these
effects. Cost of illness techniques can be used to quantify the impacts of some birth
defects, but these would be restricted to fairly severe outcomes requiring ongoing
treatment and attention. For other, more subtle effects, such as mild cognitive deficits,
cost of illness and other related techniques are inadequate for capturing the range of costs
and for estimating welfare measures. In addition, the authors acknowledge that existing
cost of illness analyses related to the costs associated specifically with low birth weight (a

very nonspecific effect in terms of the relationship between exposure and outcome) do



not reflect the total costs associated with the occurrence of these endpoints (Cannon et
al., 1996).

Stated preference methods have been used frequently for the evaluation of risk
reductions related to mortality (Hammitt and Liu, 2004; Hammitt and Graham, 1999) to
obtain estimates of the value of a statistical life (Alberini, 2005), and increasingly also to
value morbidity endpoints (Dickie and Gerking, 2002; Van Houtven et al., 2003, 2004;
Krupnick, 2004). Fewer studies have evaluated potential morbidity effects for risks and
exposures to children, which generally must be evaluated by parents (Dockins et al.,
2002). While imperfect, these methods provide policy makers with information on how
the general public might trade-off income against reductions in the risk of specific health
effects. The results of the surveys presented here contribute to the growing literature on

the relationship between WTP and reductions in risk of mild developmental delays.

2. Survey Design and Development

The surveys were designed over a one-year period and involved several informal
pilot surveys, focus groups, and a pretest. From the onset, the surveys were designed to
be administered over the Internet using a professional survey firm, Knowledge Networks.
The research goal was to evaluate whether a CV might provide a feasible method for
obtaining economic values for endpoints consistent with how they are expressed in a
typical risk assessment framework (drawing from the experience of the lead author at an
actual Superfund site) and explore how people respond to questions regarding potential
effects to children and wildlife as a result of exposure to a specific chemical in the
environment. To that end, there were numerous open-ended questions for which

respondents were invited to provide comments as they progressed through the surveys.



These open-ended responses provide important insights into respondent motivations and
thinking short of actually sitting with the respondent.

The primary objective of the surveys was to elicit an approximation of the
monetized loss in utility consistent with economic theory experienced by respondents
resulting from potential effects associated with exposure to PCBs. Another objective of
the surveys was to measure WTP for risk reductions, consistent with the results that risk
assessments generate. The surveys were designed so that members of the general public
could follow and understand the issues, and the surveys asked various questions
throughout to gauge what respondents already knew (or thought they knew) concerning
chemicals in the environment and how they felt, in a general sense, about exposure to
chemicals (e.g., whether they thought it was a serious issue, or even feasible that the
kinds of effects described in the survey could really occur). The surveys are based on a
generic, non-specific site (although there are numerous actual PCB-contaminated
freshwater systems across the United States and it is likely that there is at least one
system in the general area in which the respondent lives); nonetheless, the surveys were
designed to be plausible and the payment vehicle realistic and believable.

Respondents to the survey are first told that government officials in their State are
responsible for allocating resources and are interested in individual opinions to inform
potential policies. The first question asks respondents to rate the importance of several
issues, including reducing crime, cleaning up the environment, improving education,
reducing taxes, protecting State waterways, improving library services, reducing air
pollution, and providing additional security at public events. The second question asks

respondents to consider whether current State budget allocations should be reduced or



increased, keeping in mind that overall expenditures cannot be increased without an
increase in revenue. Respondents are reminded that State policy makers are responsible
for allocating resources, and that people may feel differently about these allocations
depending on their own beliefs and knowledge. Respondents are informed that State
policy makers are interested in learning how taxpayers feel about specific issues.

The survey then proceeds to set up the specific valuation question, which involves
the potential effects of a specific chemical (PCBs — we ask “have you ever heard of
PCBs?”) in a large, unnamed freshwater system in the state in which the respondent
resides. This system is contaminated, and the company or companies ostensibly
responsible went out of business some years ago. Therefore, the State is contemplating
setting up a special “cleanup” fund to be funded through a one-time increase in the State
income tax.

We chose a payment vehicle that calls for a one-time increase in the State income
tax, to be kept in a fund earmarked for a cleanup remedy for the (unnamed) freshwater
system. The question states that the risk will decrease if the cleanup is conducted if the
income tax is raised by the bid amount for all, not just for the respondent (Johansson-
Stenman, 1998), which has been shown to generate values consistent with economic
theory. However, not all States have an income tax, and this was not explicitly
acknowledged. Another format might be to specify an increase in the property or local
tax for those States without an income tax; however, for the sake of consistency across all
respondents, we chose the income tax payment vehicle. The cleanup is described as
occurring over several years, and the survey also states that even after cleanup is

complete, it will still take several years for the wildlife receptors to recover. In addition,



the risks will never go to zero. Respondents are presented with an initial bid randomized
from a bid vector ranging from $25 to $400. If the respondents agree to the initial bid,
they are presented with a bid that is double the first bid (if they agree to $400 initially,
then they are asked if they would be willing to pay at $800). If respondents do not agree
to the initial bid, then they are presented with a bid that is half as much ($10 if they did
not agree to $25 initially).

A particular issue that arises with double-bounded CV estimates from the
literature is a failure to achieve consistency (Hanemann, 1991; Hanemann and Kaninnen,
2001; McFadden and Leonard, 1993). We used a double-bounded dichotomous choice
(Hanemann, Loomis and Kanninen, 1991) which has been shown to substantially
increase the statistical power of the WTP estimate, at the expense of a downward bias in
the estimate because the second response is not incentive-compatible (Carson et al.,
2003). There is evidence that in some cases, responses to the second bid are inconsistent
with responses to the first bid. Some authors (e.g., Alberini, 1995) have shown that
pooling the responses to the first and second bids leads to some bias in the coefficient
estimates, but a gain in efficiency.

The bid vector for the second part of each survey (except combined) takes as its
starting point the next highest bid that was agreed to in the first part of the survey. One
could randomize the bid vector, but true randomization could lead to a bid being offered
for the combined valuation that would be less than what a respondent already agreed to
for an individual endpoint. One could randomize the bid amount offered for the combined
endpoints starting with the bid amount just above what had already been agreed to, but

that isn’t true randomization. Therefore, we decided to offer the next highest bid



following the one already agreed to (except in the case where a respondent said No-No to
the first bid: in that case, we randomized the combined bid as well). Table 1 shows the
relationship between the bid amounts for just the individual endpoints in the first part of
each survey and the bid amounts for the combined total across both endpoints.

There are a series of motivation and “confidence” questions, including:

D6.  Thinking back on your responses for the tax you’d be willing to pay when thinking
about the potential effects of PCBs on humans, how confident would you say you
were about whether you would be for or against this referendum on a scale of 1 to
5 where 1 is “Not confident at all’” and 5 is “Very confident?

The next set of questions asks about the confidence in responses for the endpoints
individually and jointly (Conf.Human; Conf.Total). Another question asks whether
respondents feel they can separate ecological and human endpoints in the valuation
question. Another set of questions asks about familiarity with PCBs, concern about
chemicals in the environment, and whether the respondent believes that PCBs really can
cause these effects in humans and animals (risk.baby; risk.wldlf; ChemConcern;
PCBConcern). Finally, respondents are asked to rate their trust on a one to five scale
concerning the information they receive from a number of sources, including different
web sites, print media, and television.

2.1. Endpoint Selection

Health effects resulting from environmental exposures can be acute (immediate)
or chronic (longer term). Acute effects can often be ameliorated if the source of the
exposure is removed (e.g., asthma attacks as a result of air pollution), while chronic
effects by definition tend to extend beyond the period of exposure (e.g., the asthma itself,
or the kinds of developmental effects explored here). In addition, with chronic effects,

there can also be a latency period (e.g., cancer, liver disease and other diseases that might



not reveal themselves until long after exposure has ceased). The bulk of the WTP studies
found in the literature are for respiratory exposures (Van Houtven et al., 2003 provide a
meta-analysis of 136 studies) leading to episodes of asthma or angina attacks. This study
is designed to evaluate willingness to pay for a subtle effect (in humans) that occurs with
a fairly large probability (20% chance if exposed) relative to typical cancer risks at
Superfund sites.

The weight-of-evidence for a relationship between in utero polychlorinated
biphenyl (PCB) exposure and developmental outcomes has been well established and
continues to grow (Schantz et al., 2003). However, as with most epidemiological studies,
discrepancies exist among measures of exposure and the strength of the relationships
between the measures of exposure and developmental outcomes. Some of those
discrepancies are attributable to differences in analytical methods, particularly in older
studies (Longnecker et al., 2003) that had higher detection levels and less sophisticated
quantitation techniques. Both epidemiological as well as animal studies demonstrate
statistically significant increases in developmental delays and effects with increasing
maternal PCB exposure (Jacobson and Jacobson, 2002b; Jacobson et al., 2002; Levin et
al., 1988; Schantz et al., 1989, 1991; ATSDR, 2000). These effects can be seen in
newborns as measured by the Bayley Scales of Infant Development to older children,
measured either directly in terms of 1Q or from other, related tests.

In terms of potential developmental effects, it is the in utero exposures that have
been most implicated in terms of effects (Jacobson et al., 1999; Jacobson and Jacobson,
2002b). Several studies have shown that although absolute doses of PCBs may be higher

during breastfeeding due to mobilization of PCBs stored in maternal lipid, the protective



effects of breastfeeding itself together with other factors (e.g., nurturing home
environment) potentially ameliorate the detrimental effects of PCBs. The children who
showed the most statistically significant dramatic developmental delays were those
exposed in utero and who were not breastfed. Breastfeeding may therefore be protective
against developing these effects even if maternal body burdens are relatively high
(Jacobson et al., 1999; Jacobson and Jacobson, 2002a).

However, regardless of the exposure issues, there is a substantial body of
evidence that show declines in various cognitive responses across both human and animal
studies (summarized in EPA, IRIS, www.epa.gov/IRIS/; ATSDR, 2000), typically as a
result of in utero exposures. Much of our understanding of the implications of slight
declines in cognitive ability across a population is based on work done relative to lead
exposures (Schwartz et al., 1985; Schwartz, 1994). The research conducted in this area
shows that slight declines in 1Q which are difficult to detect in individuals and which may
or may not lead to noticeable adverse effects on an individual basis are significant on a
population level in terms of a population shift in 1Q. Other cognitive effects include other
kinds of developmental delays such as declines in reading comprehension to levels below
grade level, low scores on analytical tests and tests of simple math problems, and
behavioral responses.

The risk reductions used in the surveys are based on the results from Jacobson et
al. (2000) who present a linear relationship between lipid-normalized breast milk
concentration of PCBs and outcomes including a 6-point reduction in I1Q and a 7-month
deficit in reading comprehension as evidenced by scores on the WISC-R at eleven years

for the Michigan cohort..



2.3. Risk Reduction and Tests of Scope

Sensitivity to scope can take several forms. Typically, these are referred to as
regular embedding, (part-whole bias), and perfect embedding, or sensitivity of WTP to
the stated risk reduction. There are two “part-whole” aspects to these surveys: one is
within an endpoint, and the other is across endpoints. The human health endpoint doesn’t
have quite the same part-whole property as the ecological version of the survey since the
potential human health effects of in utero exposures to PCBs include a panoply of
developmental effects, all or some of which may or may not occur. Indeed, as stated in
the survey:

“Studies involving children exposed while in the womb to PCBs have
shown that these children perform less well on a variety of developmental tests
throughout childhood. Government officials are interested in knowing whether
you would be willing to pay a tax to remove the source of the PCBs for the benefit
of protecting children exposed in the womb. Children that have been exposed to
PCBs have been shown to have slightly lower 1Q than average children, read at
slightly below grade level, and are less able to perform simple math problems.
The chemical doesn't cause the exact same effects in every child, but it does cause
some effect in every child.”

However, 1Q does encompass general intelligence while reading comprehension

is but one component of intelligence, allowing us to explore differences and/or
similarities in the way respondents consider 1Q versus reading comprehension as
endpoints. Reduction in 1Q as an endpoint has been well-studied in the literature
particularly relative to exposures to lead and mercury. However, in terms of
developmental endpoints, there is enough interindividual variability in 1Q that makes an
endpoint such as reading comprehension, which doesn’t vary as much across repeated

tests of any one individual, potentially more interesting in terms of valuation.



There has been increasing discussion in the CV literature concerning the effect of
the placement of a particular good or endpoint within a valuation sequence and the
influence that has on respondent valuation (Carson and Mitchell, 1995; Diamond, 1996;
Bateman and Willis, 2001). Different WTP estimates are obtained depending on the order
in which the benefits are presented, and additionally, the summation of the individual
WTP values is often not the same as the overall WTP obtained without specifying
individual endpoints. This is the issue of embedding, or part-whole bias, across
endpoints. We explore this by administering three different versions of the survey. Two
versions ask exactly the same set of questions except in opposite order (HHFirst,
Ecofirst), and one survey asks only about the combined set of potential effects and risk
reductions (human and ecological) to evaluate adding-up properties.

We evaluate perfect embedding by randomizing two different risk reductions for
each endpoint across respondents as shown in Table 2. That is, each respondent sees only
one risk reduction per developmental and ecological endpoint, but there are two risk
reductions for each endpoint randomized across each subsurvey. We focus a number of
the analyses on the risk reduction coefficient across surveys and endpoints.

2.4 Questions Related to Motivation

The survey contains a number of questions related to respondents’ knowledge and
beliefs regarding chemicals in the environment, PCBs in the environment, potential
effects of PCBs, and trust in different sources of information (e.g., industry scientists,
media, and academia). The survey contains several follow-up questions designed to elicit
motivation for agreeing to a particular bid. One question asks respondents to rate on a
scale from not important to very important the specific reasons why they might be willing

to pay to reduce potential risks to unborn children. We asked this follow-up question if



the respondent answered N-Y, Y-N, or Y-Y (e.g., they agreed to any offered bid). The

reasons include:

B5. People have lots of different reasons for voting for the program. Please rate
the importance of the following reasons why you might vote for the program:

I’m worried about the potential risk to my own unborn children

I’m worried about the potential risk to unborn babies generally

I support a cleanup no matter what the risk might be (I don’t like the idea of

chemicals in the environment generally)

Some other reason: please specify

Likewise, for those respondents who answered N-N and were not willing to pay

any amount, we asked the following:

D4.  The State is interested in knowing why you would vote against the program. There
are lots of different reasons why you might vote against the program, like it just
isn’t worth that much money, or it would be difficult for your household to pay
that much even though you support the program, or you are opposed to dredging
as an alternative. Or there might be some other reason.

Isn’t worth the money.....................c... 1

Difficult for my household to pay.......... 2

Don’t believe the cleanup would work...3

Some other reason, please specify: ...... 4
2.5 Quality Adjusted Life Years

All respondents see a set of questions designed to elicit utility weights for mild
cognitive effects using either a standard gamble or time-tradeoff question format. Utility
weights are typically elicited using a QALY index derived by questioning respondents
about specific health states. The QALY index is defined as the product:

qT 1)

where:



g = a numerical gauge of the quality of the health index on a scale of zero to one
(typically zero is the health state equivalent to death and one is perfect health, although
values less than zero are possible for “worse than death” health states)

T = duration of health state

In one set of questions, respondents are asked to assume that they have a 10-year
old child with a mild cognitive deficit, and are then offered either a standard gamble (SG)
or time tradeoff (TTO) question concerning the mortality risk they would accept on
behalf of their child for a perfect cure. These two approaches, SG and TTO, are the two
primary methods used in the literature to elicit QALY weights (Gold, 1996).

The standard gamble offers the respondent a choice of a mild cognitive deficit in
the child (either the reduction in 1Q or reading comprehension deficit) for the remainder
of the child’s life (assumed to be 60 years) in comparison to a lottery of perfect health for
that duration versus death. Respondents are asked about the probability of death that
would be considered equivalent to a lifetime with a mild cognitive deficit. Table 3 shows
the specific probabilities which range from 2.5 in 10,000 to 40 in 10,000.

The other elicitation scheme uses time tradeoff. Under this approach, the survey
asks about years of longevity in perfect health a respondent would give up on behalf of
the (hypothetical) 10-year old child to avoid a mild cognitive deficit that lasts a lifetime
(60 years assuming a lifetime of 70 years). To correspond to the probabilities given
above, the question asks about weeks of longevity that respondents would be willing to
give up on behalf of an exposed child as shown in Table 3.

The question follows the same double-bounded dichotomous choice format as for
WTP. That is, respondents are shown a time-tradeoff or probability of death, and if they

respond “Yes”, the followup questions asks about a larger number of weeks, or higher



probability of death. If they respond “No,” the number of weeks, or probability, is cut in
half. Respondents are shown a visual aid for the probability based on “dots” (Corso et al.,
2001). The QALY weight that is assigned is equal to 1 — mortality risk interval agreed to
by an individual respondent. The relationship between WTP and QALYS is given as:
WTP = B, * (Aq* At)* + & )
where:
Aq = change in health related quality of life

At = specific time period applicable to the quality weight

In this survey, respondents are asked to assume they have a 10-year-old child with
the cognitive deficit, and what risk would they be willing to assume for this hypothetical
child for a perfect cure. In the analysis, we assume that the child would live to be 70
years, so the duration of this health state is 60 years. In theory, WTP should increase
proportionally relative to the gain in QALY's, which is testable under the hypothesis that
By =1.

As with the WTP interval, the mortality risk that any given respondent agrees to is
observed as an interval rather than the single value. Therefore, it was necessary to
determine a single (conditional mean) mortality risk (or QALY weight, equal to 1-
mortality risk) for each respondent. This was done as follows. First, we assume that the
mortality risk interval for each respondent based on the two questions represents a single
risk distribution. For each individual respondent j, there exists an upper and lower bound
on the value, call these Uj and Lj, where Lj is the minimum risk agreed to (which could
be zero) and Uj is the maximum risk the respondent accepted. The likelihood for this
respondent is [F(Uj) - F(Lj)], where F is the cumulative distribution function (CDF) for

the assumed distribution, which depends on a small number of parameters (e.g., mean



and variance for normal). The likelihood for the full sample is just the product over j of
the individual contributions to the likelihood, which depends on the parameters of the
distribution function. To maximize it, we calculated the first derivatives with respect to
the parameters and set them equal to zero.

2.6 Survey Administration

A professional survey firm, Knowledge Networks (KN), administered the survey
to a panel representative of the US general population via a web-based survey mechanism
during Spring 2005. The statistical foundation of the research panel stems from the
application of probability-based sample selection methodologies to recruit panel
members. The KN web-enabled panel is the only available method for conducting
Internet-based survey research with a nationally representative probability sample
(Couper, 2001; Krotki and Dennis, 2001).

The Knowledge Networks Panel, recruited randomly through Random Digit
Dialing, represents the broad diversity and key demographic dimensions of the U.S.
population. The web-enabled panel tracks closely the U.S. population on age, race,
ethnicity, geographical region, employment status, and other demographic elements. The
differences that do exist are small and are corrected statistically in survey data (i.e., by
non-response adjustments). The web-enabled panel is comprised of both Internet and
non-Internet households, all of which are provided the same equipment for participation
in Internet surveys. Internet-based surveys are increasingly showing favorable
comparisons to mail and telephone survey methods (Berrens et al., 2003).

There are four main factors responsible for the representativeness of the web-
enabled research panel. First, the panel sample is selected using list-assisted random digit

dialing telephone methodology, providing a probability-based starting sample of U.S.



telephone households. Second, the panel sample weights are adjusted to U.S. Census
demographic benchmarks to reduce error due to non-coverage of non-telephone
households and to reduce bias due to nonresponse and other non-sampling errors. Third,
samples selected from the panel for individual studies are selected using probability
methods. Appropriate sample design weights for each study are calculated based on
specific design parameters. Fourth, nonresponse and poststratification weighting
adjustments are applied to the final survey data to reduce the effects of non-sampling
error (variance and bias).

The endpoint selection, specific risk reduction, and follow up human health
questions are all randomized across the respondents. There are two human health
endpoints, two risk reductions, two ecological endpoints and associated risk reductions,
and two quality adjusted life year questions randomized across respondents. Each
respondent faces only one human health endpoint and associated risk reduction, one
ecological endpoint and associated risk reduction, and one QALY mortality risk (either
SGor TTO).

In the next section, we report the results of the surveys and discuss the
implications of the results.

3. Model Framework and Survey Results

Economic theory postulates that society is comprised of individuals who make
tradeoffs in order to satisfy their preferences, or, put another way, to maximize their
utility.

The statistical model for CV responses must satisfy both statistical and economic
criteria (Hanemann and Kaninnen, 2001). CV responses can be modeled as discrete

dependent variables with binary responses since respondents can either state “yes” or



“no” to a particular bid value. An equivalent but alternative modeling form takes the bid
interval agreed to by an individual respondent as the dependent variable. In economic
terms, the statistical model for CV responses must be consistent with the theory of utility
maximization inherent in economic models. This assumes individuals show preferences
for market commodities (x) and nonmarket amenities (q) as represented by a utility
function U(x,q) which is continuous and non-decreasing (Hanemann, 2001). Individuals
face budget constraints based on income (y) and prices of the market commaodities (p).
Individuals are assumed to be utility-maximizers given a budget constraint (e.g.,
disposable income). Willingness to pay, or the compensating variation (C) is the
maximum an individual is willing to pay to secure an increase to the nonmarket amenity.
In this case, the nonmarket amenity is expressed as a risk (r); therefore, a decrease in the
risk increases utility U(x, r).

Each respondent has an indirect utility function for which one can plot the
tradeoff between risk and income while maintaining utility as given by the slope of that
curve.

The economic measure of value is given as:

V(p! ry, y-C) = V(p’ lo, y) (3)
where C = the amount of money at which the individual is indifferent between a

lower probability of risk and higher income, and ro and r; are different levels of:

e Risk of a 6-point reduction in 1Q to an unborn child given maternal exposure (1Q)
e Risk of a 7-month deficit in reading comprehension given maternal exposure
(RC)
The assumption is that a smaller risk relative to baseline leads improves well-

being so compensating variation, or WTP, is positive. Expected utility is roughly



proportional to risk; consequently WTP should be approximately proportional to risk, and
we test for this. As individuals spend more money, the utility loss increases. However,
WTP is likely small with respect to income and so an income effect is also likely to be
negligible.

All analyses are conducted using S-Plus 6.2 (Insightful Corporation, 2004) and
Microsoft Excel.

3.1 Descriptive Statistics

Table 4 presents the frequencies of response to the bid vectors across the surveys.
The proportion of yes responses decreases as the offered bid increases.

Table 5 provides a summary of the demographic characteristics of the sample, and
for comparison purposes, data from the 2000 census. This table shows that the sample is
representative of the US population. The median income differs, but this is primarily
attributable to the fact that income was provided in terms of ranges, and the median
income was estimated from the midpoint of the range provided for each individual. If one
compares the income distribution (shown in the table below the median and mean
income), it shows that survey samples are statistically indistinguishable from the
demographics of the US population.

The sample also shows a lower proportion of individuals with less than a high
school education as compared to the general public, and a higher proportion of
individuals with at least an associates degree. However, it is not clear that more
traditional survey methods (e.g., direct mail and/or telephone) would have reached a
higher proportion of this fraction of the population.

Table 6 provides the means for model covariates.



3.2 Statistical Models

The double-bounded dichotomous choice elicitation format used here is
analogous to interval-censored survival data in medical and engineering settings which
model time to illness or failure of a component. In this case, we know the interval within
which WTP for any individual respondent lies; for example, for the yes-yes response, it is
known that the interval lies somewhere between the highest amount the respondent
agreed to and infinity. Table 1 shows the intervals for each bid vector based on the initial
bids for each survey, and Table 4 shows the proportion of respondents for each bid
interval.

The WTP model takes the form:

LNWTP, = g, + f,LN(ARisk) + g,LNIncome + 3, X + ¢ 4)

where

WTP for the i" individual in the interval given in Table 1
ARisk — is the risk reduction (0.1 or 0.15)

Income — respondent household income

X —vector of respondent-specific attributes as given in Table 6
€ — error term

The log likelihood function can be maximized assuming a particular parametric
distribution (e.g, lognormal) or by using the Turnbull nonparametric modification of the
Kaplan-Meier estimator, which makes no assumptions about the shape of the underlying
WTP distribution (Carson et al., 2003; Hanemann and Kanninen, 2001). We evaluated
several parametric forms (e.g., lognormal, weibull) and found the lognormal to provide
the best fit based on a Likelihood Ratio test. In addition, properties of the lognormal
distribution facilitate interpretation of the results. Figure 1 presents the visual goodness-

of-fit plots across distribution types.



Parameter estimation is accomplished through maximum likelihood methods to
obtain the values of unknown statistical parameters that are most likely to have generated
the observed data. Figure 2 shows the WTP function for reading comprehension (1Q=0)
for two risk reductions (0 = small risk reduction, 1 = large risk reduction) and for 1Q
(1Q=1).

Table 7 presents the results for several models based on the single endpoint
valuation results of the HHFirst survey only. Models 1 and 2, stratified by endpoint
(reading comprehension and 1Q, respectively), include all covariates, while models 3 and
4 present the results for the reduced models. As shown in this table, the human health risk
reduction coefficient is positively related to WTP, and approaches statistical significance
for the 1Q endpoint (p=0.14), but not for the reading comprehension endpoint. The only
significant predictors in the full models include behavioral and motivational variables,
including concern about PCBs in the environment (highly statistically significant across
all four models), and the response to the QALY question (used in the model as change in
QALY). As shown in Model 2, information received from scientists is positively
associated with WTP (p<0.1). WTP is proportional with respect to risk reduction
(coefficient = 1.0) for the 1Q endpoint. Models with various interaction terms were not
significant and are omitted from the table.

Table 8 presents the results from a set of models using the EcoFirst survey results
for total WTP, which asks whether respondents would be willing to pay more into the
cleanup fund when considering human health endpoints in addition to ecological
endpoints. Models 1 and 2 are stratified by developmental endpoint for the total bid

amount. Under this model, there is a difference between the risk reduction coefficient



(HHLNRR) for 1Q as compared to reading comprehension as outcomes. For 1Q, Table 8
shows the coefficient is 1.0 and approaches significance at p<0.18. For those respondents
who were asked about reading comprehension as an endpoint, the risk reduction
coefficient is statistically significant at —1.6 (p<0.03), indicating that respondents showed
a negative relationship between risk reduction and WTP for this endpoint.

Models 3 and 4 in Table 8 show the results for the full models including all
covariates for total WTP in the EcoFirst survey. For model 3, with reading
comprehension as the endpoint, statistically significant covariates include the risk
reduction coefficient, being female, concern about chemicals in the environment, whether
or not the respondent believes that PCBs can cause developmental delays as a result of in
utero exposures, and the QALY weight. All of these covariates are positively associated
with WTP, except for the risk reduction coefficient. Model 4, by contrast, stratified by 1Q
as the endpoint, shows statistically significant covariates for the risk reduction variable,
concern about PCBs in the environment, whether or not the respondent believes that
PCBs can cause developmental delays as a result of in utero exposures, and the degree of
confidence in information received from industry scientists. The risk reduction
coefficient is positive, and only slightly more than proportional with respect to WTP, and
statistically significant, unlike for the reading comprehension subset. Concern about
PCBs in the environment generally and believing that PCBs can cause developmental
delays are both positively associated with WTP for the 1Q subset of respondents.

The magnitude of the risk reduction coefficient is very similar across both the

HHfirst and Ecofirst surveys. Economic theory predicts that WTP should be



approximately proportional with respect to risk reduction, and this hypothesis cannot be
rejected across these two datasets.

3.2.1 WTP per IQ Point

Cognitive ability, in addition to having an impact on later health status, also
influences productivity through an impact on earning potential as well as through years of
schooling and probability of employment. This relationship has been explored in the
literature through the relationship between childhood lead exposures and loss of lifetime
earnings by Grosse et al. (2002) and Salkever (1995). Grosse et al. (2002) evaluated three
different linear relationships between earnings and 1Q, ranging from 1.76% to 2.37%
percentage earnings loss per 1Q point. Based on this relationship, and the present value of
earnings of a two-year-old in 2000 dollars, results in values of a one point decrease in 1Q
ranging from $12,700 to $17,200.

Estimates of WTP using these survey results represent WTP for a probability of a
6-point reduction in 1Q, thus, WTP for a 100% probability of a 1-point reduction is
estimated by dividing WTP by 6 and dividing again by the risk reduction. This assumes
that WTP is linear in the probability of a reduction in IQ as a result of exposure and the
number of 1Q points at risk. We evaluated WTP per 1Q point using both the single
endpoint results from the HHFirst survey and the difference between the total valuation
and single endpoint valuation from the EcoFirst survey. The result for the HHFirst survey

is $466 (95% confidence interval = $380, $520) per 1Q point.

3.2.2 WTP and QALYs
Table 9 shows the results of the models across surveys. The dependent variable

for the first model is the interval-censored WTP for the first set of questions from the

HHFirst survey, while the second model dependent variable is the total interval-censored



bid amount from the EcoFirst survey. In both cases, covariates include whether the
endpoint was 1Q (1) or reading comprehension (0), and a code for whether the elicitation
method for the QALY weight was standard gamble (0) or time-tradeoff (1). Finally, the
change in QALY for each respondent was calculated as described in section 3.4
(LNQALY). The resulting coefficients are very similar across the datasets, except for 1Q.
For the HHFirst survey, there is no appreciable difference in the relationship between
change in QALY and WTP by developmental endpoint. But for the EcoFirst survey, the
IQ coefficient is negative and statistically significant. Respondents to that survey had a
33% lower WTP when asked about 1Q as compared to reading comprehension.

The individual QALY weights (1 — mortality risk) range from 0.948 to 0.99975
for a 6-point reduction in 1Q. This translates to a range of mortality risks that respondents
would accept on behalf of their (hypothetical) 10-year-old child of 2 in 10,000 to 9 in
1,000 per 1Q point. Table 10 shows the mean, standard deviation, and number of
respondents by endpoint (1Q or reading comprehension) and elicitation method (standard
gamble or time tradeoff). There is no statistical difference by endpoint (x2 = 0.6, df=1,
p=0.4), while there is a statistically significant difference by elicitation method (x2 =
10.1, df=1, p=0.001).

We estimated WTP per QALY by dividing WTP by the expected change in
QALYs, where the change in QALY accounts for the probability of having the cognitive
deficit. The mean WTP per QALY is $109,000 (95% confidence interval = ($70,000,
$148,000). WTP per QALY has been proposed as a potential criterion for evaluating
efficacy of social programs (Baker et al., 2004; Gyrd-Hansen, 2003; Krupnick, 2004;

Van Houtven et al., 2003) based on cost-effectiveness. King et al. (2005) discuss



standards for evaluating WTP/QALY ratios, and find that this ratio varies considerably
depending on the valuation methodology. In 2003 dollars, the median ratio from eight
CV studies based on (personal) safety was $184,200. In contrast, revealed preference
studies, based on safety, have a median value of $106,700. The results of this study are

consistent with these literature values.

4. Discussion

The importance of obtaining behavioral and motivational answers from
respondents in CV surveys has been shown (Heberlein et al., 2005; Nunes and
Schokkaert, 2003; Dubourg et al., 1997). In this case, concern about PCBs in the
environment and the respondent-specific QALY weighting are important, highly
statistically significant predictors of WTP. The QALY weighting indirectly addresses
perceived risk in that it elicits from respondents an indication of the perception the parent
has about the quality of life for the child if s/he has the cognitive deficit. It addresses the
issue more directly by asking about your hypothetical child, as opposed to how
significant do you think the risks are in general (e.g., risk.baby, PCBChild).

Interestingly, in responses to open ended questions, a number of respondents
indicated that because there were fish consumption advisories in place in their particular
State (indeed, most States), they felt the risks were lower than what had been portrayed in
the survey, although the survey does indicate that the risks are only to those individuals
who consume fish.

The risk reduction coefficients for 1Q are both positive and approaching statistical
significance based on the responses to the single endpoint in the HHFirst survey (1.0,
p=0.14) and the EcoFirst total endpoint (1.1, p=0.14), providing greater confidence that

the surveys have captured the relationship between risk reduction and WTP for 1Q. Ina



reduced model using just risk reduction as a predictor based on the single endpoint in the
HHfirst survey, the coefficient is 1.0 (p=0.15), a proportional result approaching
significance. The results for reading comprehension as an endpoint are not as robust.
These results suggest that survey takers were able to think about 1Q as a developmental
endpoint and were indeed willing to pay for risk reductions, while this is not the case for
reading comprehension.

It is true that these risks are not experienced directly by the respondents
themselves. Women of childbearing age who are pregnant or thinking of becoming
pregnant and that consume freshwater fish are the only ones who would actually be
exposed, and even in that case, they do not experience the risk directly. The risk is to the
unborn child. This is the most immediate that the risk can be, but the proportion of
respondents who are pregnant (this question was not asked — the only information we
have is the number of women of child-bearing age and the number of children by age
group in the household) is itself likely a relatively small proportion of the overall
respondent population.

Respondents were willing to increase their stated bids between the single
ecological endpoint in the EcoFirst survey when asked about a total bid. This was not the
case in the HHFirst survey (respondents were not willing to increase their stated bids
when asked about ecological effects after they had already responded to human health
endpoints).

The estimated WTP values per 1Q point from these surveys are orders of
magnitude lower than estimates based on future earnings. The estimates obtained here are

approximately $500 while the estimates from the earnings literature are in the $10,000 to



$20,000 range. The results presented here represent the average WTP per 1Q point from a
representative sample of the American general public. It is possible that respondents do
not realize (or do not think about) the implications of 1Q on future earnings and so
underestimated the potential value of the loss. Another possibility is that respondents
recognize the effect on future earnings, but use higher discount rates in evaluating these
benefits than the rates used to calculate the estimates from the literature (consistent with
the idea that people discount the future too much).

The policy implications of these WTP values, however they are expressed, comes
in the context of a particular decision. One of the goals of this survey was to demonstrate
how stated preference methods might be used to develop economic values for risk
reductions within a particular regulatory framework. In a companion paper (von
Stackelberg, 2006), we develop an application based on the Hudson River Superfund site
to show how this might be done.

The survey results suggest that 1Q represented a more meaningful endpoint for
respondents than reading comprehension. However, it is known that people have
difficulty evaluating and responding to numerical differences in the magnitude of risk
reduction, particularly for small risks or small effects (Hammitt and Graham, 1999; Corso
et al., 2001; Schwartz et al., 1997). Further, in this case, exposures are experienced by
one cohort while effects are experienced by another who also happen to be children and
therefore unable to make risk-based decisions for themselves. Women of childbearing
age who are pregnant or thinking of becoming pregnant and that consume freshwater fish
are the only ones who would actually be exposed, and even in that case, they do not

experience the risk directly. The risk is to the unborn child. This is the most immediate



that the risk can be, but the proportion of respondents who are pregnant (this question
was not asked — the only information we have is the number of women of child-bearing
age and the number of children by age group in the household) is itself likely a relatively
small proportion of the overall respondent population. However, this is an issue that is
likely to arise time and again with significant policy implications given the increasing
evidence of in utero environmental exposures leading to significant and potentially
lasting health effects later in life. It is, after all, children who presumably still have most
of their lives in front of them and will be the ones who directly experience the

repercussions of decisions made today, ostensibly on their behalf.
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TABLE 1: Initial Bid Vectors and Followup Bids for the CV Surveys

Bid vectors based on final response in first section and are given as initial bid, upper, lower:

Initial Bid Y-Y! Y-N! N-Y! N-N
$25 C ($100, $200, $50) B ($50, $100, $25) A (325, $50, $10) random
$50 D (5200, $400, $100) __|C (5100, $200, $50) B ($50, $100, $25) random
$100 E (5400, $800, $200) _|D (5200, $400, $100) C ($100, $200, $50) __|random
$200 F (3800, $1000, $400) E ($400, $800, $200) D ($200, $400, $100) random
$400 G (51000, $1500, $800) |F ($800, $1000, $400) E ($400, $800, $200)  |random
$800 H ($2000, $1500, $800) |G (51000, $1500, $800)  |F ($800, $1000, $400) |random
Notes:

1 — It is possible, in the followup, to respond “no” to a value for the total that had already been agreed to

in the previous section. In that case, respondents are shown the following prompt: “You already agreed you'd be

willing to pay this amount for human health benefits alone. Now we’re asking about the total you’d be willing to pay”




TABLE 2: Risk Reductions in the Surveys

Small Risk [ Large Risk
Endpoint Context Reduction | Reduction
Probability of reproductive impairment
significant enough to affect viability of the
Eagle population 0.1 0.15
Probability of reproductive significant
reproductive effects to 20% of all avian species in
Species Sensitivity Distribution (SSD]a freshwater ecosystem 0.25 0.4
Probability of reading at approximately 7 months
Reading Comprehension below grade level 0.1 0.15
IQ Probability of a 6-point reduction in IQ 0.1 0.15




TABLE 3: Mortality Risk and Longevity Reduction Questions to Determine QALY's

Initial Probability of | Followup Probability | Followup Probability | Initial Reduction in |Followup Reduction| Followup Reduction
Death versus if “yes” if “No” Longevity (days) if “yes” (days) if “No” (days)
Successful Treatment
5in 10,000 10 in 10,000 2.5 in 10,000 11 22 5
10 in 10,000 20 in 10,000 51n 10,000 22 44 11
20 in 10,000 40 in 10,000 10 in 10,000 44 88 22

QALYcode =1 if life expectancy reduction, 0 if mortality risk




TABLE 4: Proportion of Respondents in Each Bid Interval for HHFirst (Single Endpoint) and Ecofirst (Total Across Endpoints)

HHFIRST -- Single Endpoint 1Q (n=208) RC (n=196)

Bid Amount n Y-Y Y-N N-Y N-N n Y-Y Y-N N-Y N-N
A (825, $50, §10) 35 11% 3% 0% 3% 35 12% 2% 1% 4%
B (§50, $100, $25) 36 8% 4% 1% 5% 32 7% 5% 4% 2%
C (8100, $200, $50) 27 3% 3% 2% 5% 21 3% 1% 2% 3%
D ($200, $400, $100) 30 4% 3% 2% 4% 33 4% 4% 2% 7%
E (5400, $800, $200) 41 2% 5% 4% 8% 40 4% 5% 2% 10%
F ($800, $1000, $400) 33 4% 1% 1% 9% 32 3% 4% 2% 7%
ECOFIRST -- Total Bid for Both 1Q (n=194) RC (n=208)

Endpoints

Bid Amount n Y-Y Y-N N-Y N-N n Y-Y Y-N N-Y N-N
A (825, $50, $10) 11 0% 2% 2% 2% 14 2% 0% 1% 3%
B (8§50, $100, $25) 16 2% 3% 2% 3% 18 1% 3% 2% 2%
C (5100, $200, $50) 37 11% 5% 6% 3% 47 10% 5% 5% 3%
D ($200, $400, $100) 47 6% 8% 7% 4% 39 3% 8% 6% 2%
E (5400, $800, $200) 30 0% 7% 5% 4% 31 3% 2% 4% 5%
F ($800, $1000, $400 32 3% 1% 6% 8% 32 5% 1% 6% 3%
G (51000, $1500, $800) 10 2% 2% 2% 0% 11 1% 1% 3% 0%
H ($1500, $2000, $1000) 5 2% 0% 1% 0% 9 3% 0% 1% 0%




TABLE 4, continued: Proportion of Respondents in Each Bid Interval for the Combined Survey

COMBINED Combined (n=204)

Bid Amount n Y-Y Y-N N-Y N-N
A (825, $50, $10) 37 11% 4% 0% 3%
B (550, $100, $25) 41 9% 6% 0% 5%
C (8100, $200, $50) 23 4% 2% 1% 4%
D ($200, $400, $100) 34 5% 4% 2% 5%
E (5400, $800, $200) 35 2% 5% 1% 9%
F (8800, $1000, $400) 29 3% 3% 0% 8%




TABLE 5: Demographics for each Subsurvey and the US Census

ECOFIRST HUMANFIRST  COMBINED
Eagle SSD RC 1Q Combined |US Census

Demographic (n=193) | (n=210) | (n=196) | (n=208) | (n=204) Data'
Some high school, no diploma 7% 8% 19% 11% 16% 20%
High school 29% 30% 29% 35% 32% 29%
Some college, no degree 23% 20% 21% 24% 21% 21%
Associate degree (AA, AS) 15% 12% 7% 5% 6% 6%
Bachelor's degree 17% 19% 16% 19% 14% 16%
Master's degree 4% 7% 7% 5% 9% 6%
Other 5% 4% 2% 2% 1% 3%
Black, Non-Hispanic 10% 12% 12% 15% 12% 12%
Hispanic 9% 15% 17% 9% 11% 13%
Other, Non-Hispanic 5% 5% 4% 4% 5% 0%
White, Non-Hispanic 76% 68% 67% 72% 72% 75%
Female 57% 50% 48% 51% 52% 51%
Male 43% 50% 52% 49% 48% 49%
Income
Less than $10,000 12% 10% 12% 13% 13% 10%
$10,000 to $14,999 11% 5% 9% 8% 4% 6%
$15,000 to $19,999 5% 4% 5% 4% 8% 6%
$20,000 to $24,999 8% 10% 6% 8% 5% 7%
$25,000 to $29,999 8% 7% 10% 6% 5% 6%
$30,000 to $34,999 7% 7% 5% 4% 8% 6%
$35,000 to $39,999 4% 10% 10% 10% 9% 6%
$40,000 to $49,999 9% 11% 10% 6% 15% 11%
$50,000 to $59,999 10% 9% 7% 13% 7% 9%
$60,000 to $74,999 10% 9% 8% 12% 12% 10%
$75,000 to $99,999 11% 9% 12% 6% 7% 10%
$100,000 to $124,999 2% 3% 5% 5% 5% 5%
$125,000 to $149,999 1% 2% 1% 1% 2% 3%
$150,000 to $174,999 1% 1% 1% 0% 2% 2%
$175,000 or more 2% 2% 2% 0% 1% 2%
Divorced 12% 15% 13% 20% 14% 10%
Married 52% 50% 48% 46% 52% 54%
Separated 2% 2% 3% 4% 1% 2%
Single (never married) 26% 28% 28% 26% 29% 27%
Widowed 7% 5% 7% 4% 3% 7%

1: Data provided for males and females combined (except gender); therefore, percentages
may not equal 100 due to combining. Data from: factfinder.census.gov, 2000 Census




TABLE 6: Means for the Covariates Across Subsurveys

Eagle (n=193) | SSD (n=210) 1Q (n=208) | RC (n=196) Combined (n=204)
ECOFIRST HHFIRST COMBINED

Parameter Parameter Name¢ Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev
Education (1 for college and above, 0
otherwise) EDUCAT 0.53 0.61 0.55 0.53 0.50
'White (1 for yes, 0 otherwise) WHITE 0.76 0.68 0.72 0.67 0.71
Black (1 for yes, 0 otherwise) BLACK 0.09 0.12 0.15 0.12 0.22
Hispanic (1 for yes, 0 otherwise) HISPANIC 0.09 0.15 0.09 0.17 0.14
Gender (1 if Female, 0 if Male) MALE 0.57 0.50 0.52 0.48 0.52
(Natural log of income LNInc 10.36 0.86 10.46 0.83 10.41 0.86 10.41 0.89 10.38 0.89
Married (1 if yes, 0 otherwise) MARRIED 0.52 0.50 0.46 0.48 0.52
Live in a metropolitan area (1 if yes, 0 if no) |[METRO 0.83 0.82 0.83 0.84 0.79
Natural log of ecological risk reduction LNEcoRR -2.09 0.20 -1.17 0.23 -1.67 0.49 -1.60 0.52 -2.11 0.21
Natural log of human health risk reduction HHLNRR -2.09 0.20 -2.09 0.20 -2.09 0.20
Have you ever heard of PCBs (1 if yes, 0
otherwise) PCBs 0.48 0.50 0.45 0.43 0.41
Confidence in response to single endpoint
valuation (scale of 1 to 5 where 1 is not
confident and 5 is very confident) ConfWildlife 4.39 4.16 1.64 3.70 1.15 3.62 1.16 na
Confidence in total ConfTotal 4.55 1.19 4.06 1.71 3.67 1.11 3.60 1.15 3.31 1.39
QALY code (0 if standard gamble, 1 if time
tradeoff QALYcode
Are you able to think about ecological
endpoints separately from human (1 if yes, 0 if]
no) €c0.sep 0.78 0.72 0.71 0.77 na
Are you able to think about ecological benefits
separately from human health benefits? (1 if
yes, 0 otherwise) eco.ben.sep 0.62 0.63 0.62 0.64 na
Concerned about chemicals in the
environment (1 if yes, 0 otherwise) ChemConcern 3.12 2.96 3.04 2.89 3.03
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Concerned about PCBs in the environment (1
if yes, 0 otherwise)

PCBConcern

2.96

2.77

2.69

2.62

2.87

Do you believe PCBs can cause reproductive
effects in wildlife? (1 if yes, 0 otherwise)

PCBWildlife

0.66

0.59

0.59

0.60

0.60

Do you believe PCBs can cause
developmental effects in children exposed in
utero ? (1 if yes, 0 otherwise)

PCBChild

0.61

0.54

0.65

0.60

0.59

Rate the risks facing eagles in this state (0 =
not sure, 1 = not serious, 2 = somewhat
serious, 3 = very serious, 4 = extremely
serious)

risk.wldIf

2.14

1.17

2.04

1.20

1.94

1.17

1.94

1.19

2.08

1.13

Rate the risks facing unborn babies in this
state (0 = not sure, 1 = not serious, 2 =
somewhat serious, 3 = very serious, 4 =
extremely serious)

risk.baby

2.22

1.27

2.01

1.28

2.17

1.25

2.11

1.30

2.16

1.29

How often do you watch programs on
television about wildlife (1 = never, 2 = rarely,
3 = sometimes, 4 = often)

tv.wldif

2.99

0.88

2.91

0.97

2.75

0.94

3.03

0.93

2.90

0.90

Do you live near freshwater (1 = yes, 0 = no)

live.fw

0.69

0.64

0.60

0.60

0.66

How much time do you spend on a river, lake,
or stream? (1 =never, 2 =rarely, 3 =
sometimes, 4 = often)

time.fw

2.60

1.03

2.65

1.02

2.49

0.97

2.61

1.03

2.62

0.99

How often do you eat recreationally caught
fish (0 = never, 1 = a few times a year, 2 =a
few times a month, 3 = a few times a week)

eat.fish

2.50

0.81

2.53

0.85

2.51

0.80

247

0.85

2.57

0.83

How much confidence do you have in
information you receive from government
sources (1 =none, 2 = some, 3 = a lot)

conf.gov

1.85

0.56

1.78

0.49

1.93

0.53

1.85

0.30

1.85

0.51

How much confidence do you have in
information you receive from industry
scientists (1 =none, 2 = some, 3 = a lot)

conf.sci.ind

1.88

0.58

1.82

0.54

1.85

0.62

1.81

0.60

1.86

0.58
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How much confidence do you have in
information you receive from university
scientists (1 = none, 2 = some, 3 = a lot)

conf.sci.univ

2.25

0.59

2.27

0.60

2.21

0.60

2.20

0.59

2.31

0.56

How much confidence do you have in
information you receive from television
sources (1 = none, 2 = some, 3 = a lot)

conf.tv

1.70

0.58

1.68

0.54

1.72

0.55

1.70

0.56

1.71

0.56

How much confidence do you have in
information you receive from government web
sites (1 = none, 2 = some, 3 = a lot)

conf.gov.web

1.87

0.50

1.78

0.53

1.87

0.55

1.83

0.54

1.81

0.50

How much confidence do you have in
information you receive from commercial web
sites (1 = none, 2 = some, 3 = a lot)

conf.comm.web

1.69

0.52

1.62

0.52

1.61

0.55

1.59

0.52

1.65

0.52

How much confidence do you have in
information you receive from nonprofit web
sites (1 = none, 2 = some, 3 = a lot)

conf.np.web

2.10

0.62

2.09

0.58

2.04

0.58

2.02

0.60

2.05

0.59

How much confidence do you have in
information you receive from university web
sites (1 = none, 2 = some, 3 = a lot)

conf.uni.web

2.21

0.59

2.20

0.54

2.12

0.64

2.06

0.62

2.15

0.58

How much confidence do you have in
information you receive from print media (1 =
none, 2 = some, 3 = a lot)

conf.print

1.86

0.56

1.88

0.40

1.84

0.53

1.81

0.51

1.88

0.54




TABLE 7: Model Results for HHFirst Model for
Developmental Endpoints

Model 1 Model 2 Model 3 Model 3 Model 4
RC only 1Q only across endpoints|RC only 1Q only
Intercept 1.3(24) 1.6 (2.9) 4.6 (1.1)**** 135 (1.5)** 5.9 (1.6)%***
Risk Reduction 0.1 (0.7) 0.5 (0.7) 0.7 (0.5) 0.4 (0.7) 1.0 (0.7)
Age -0.01 (0.009)  {0.002 (0.009)
Education 0.2 (0.3) 0.6 (0.3)*
Race (Ref = White)
Other|1.2 (0.7) 0.6 (0.9)
Black|0.2 (0.5) 0.1 (0.4)
Hispanic|0.07 (0.4) 0.2 (0.6)
Male 0.2 (0.3) -0.02 (0.3)
Income -0.08 (0.2) -0.01 (0.2)
Married 0.09 (0.3) -0.1 (0.3)
Metro 0.9 (0.4)** 0.1 (0.4)
PCBConcern 0.9 (0.2)**** 0.4 (0.2)*** 0.9 (0.1)*F*** 1.1 (0.1)**** 0.8 (0.2)****
QALY 0.2 (0.1)** 0.3 (0.1)**** (0.3 (0.1)****  [0.2 (0.1)*** 0.3 (0.1)***
risk.baby 0.08 (0.1) 0.3 (0.1)**
live.fw 0.3 (0.3) -0.02 (0.2)
eat.fish 0.2 (0.2) 0.1 (0.2)
confgov 0.3(0.3) 0.2 (0.3)
conf.sci.ind -0.2 (0.3) 0.5(0.3)*
conf.sci.uni 0.4 (0.3) 0.8 (0.3)**
conf.tv 0.03 (0.3) -0.5(0.4)
conf.print 0.3(0.4) 0.2 (0.4)
-2*Log-Likelihood 423 460 942 444 492
n=192 n=206 n=398 n=192 n=206

* p<0.10, ** p<0.05, *** p<0.01, **** p<0.001




TABLE 8: Model Results for EcoFirst Model for
Total WTP Based on Developmental Endpoints

Model 1 Model 2 Model 3 Model 4
RC only IQ only RC only 1Q only
Intercept 2.2(1.5) 7.3 (1.3)**** 1.0.008 (2.6) 4.4 (2.1)**
Risk Reduction -1.6 (0.7)** 1.0 (0.6) -1.3 (0.6)** 1.1 (0.6)**
Eagle 0.2 (0.3) -0.4 (0.2)
Education -0.2 (0.3) 0.06 (0.3)
Race (Ref = White)
Other 0.4 (0.9) -0.3(0.4)
Black 0.4 (0.5) 0.4 (0.4)
Hispanic 0.8(0.4) 0.2(0.4)
Male 0.5 (0.3)** 0.2 (0.2)
Age -0.003 (0.009) |-0.001 (0.008)
Income -0.04 (0.2) -0.02 (0.2)
Married 0.3 (0.3) -0.1 (0.3)
Metro 0.05 (0.4) -0.1 (0.3)
PCBConcern 0.6 (0.2)%*** 0.4 (0.2)**
risk.baby 0.3 (0.1)*** 0.2 (0.1)*
live.fw 0.1 (0.3) -0.3(0.3)
QALY 0.2 (0.06)*** 0.06 (0.05)
eat.fish -0.2(0.2) 0.2 (0.2)
confgov 0.4 (0.3) 0.3(0.3)
conf.sci.ind -0.3(0.3) -0.1 (0.2)
conf.sci.uni 0.2(0.4) 0.5 (0.2)**
conf.tv -0.01 (0.3) -0.1 (0.3)
conf.print 0.1(0.3) 0.4 (0.3)
-2*Log-Likelihood 704 658 635 569
n=208 n=194 n=205 n=188

* p<0.10, ** p<0.05, *** p<0.01, **** p<0.001




TABLE 9: WTP versus QALY Across Surveys

HHFirst Single Ecofirst Total
Endpoint Endpoint

Intercept 5.6 (0.3)%*** 5.8 (0.2)***x*
IQ 0.08 (0.2) -0.4 (0.2)**
QALYcode 0.1(0.2) 0.1(0.2)
LNQALY 0.3 (0.07)**** 0.1 (0.04)***
-2*Log-Likelihood 1034 1345

n=398 n=397

* p<0.10, ** p<0.05, *** p<0.01, **** p<0.001




TABLE 10: Mean (Standard Deviation) QALY Weights by

Endpoint and Elicitation Method

Elicitation Method 1Q (1) n RC (0) n
Standard Gamble (Mortality Risk) (0) 0.993 (0.016) 192 0.993 (0.016) 215
Time Tradeoff (Decrease in Longevity) (1) 0.987 (0.021) 204 0.989 (0.019) 183

QALYweight by QALY code, Kruskal-Wallis x2=10.3, p=0.001
QALYweight by Endpoint, Kruskal-Wallis x2=0.6, p =0.4
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Parental Decision-Making and Children’s Health

Ann Bostrom, Sandra Hoffmann, Alan Krupnick and Wictor Adamowicz*
With Robin Goldman, Michael McWilliams, and Jeremy Varner ?

INTRODUCTION

Recent interest in valuation of children’s health has raised many questions for how stated
preference studies are conducted (EPA 2000, 2003, OECD 2006). One of the most pressing
methodological questions is how parental willingness to pay (WTP) should be elicited in a
stated preference survey. Typically, stated preference surveys randomly sample households
and then either randomly sample adults within the household or, where pre-screened panels
are used, rely on the person in the panel. The responding adult is asked to report household
willingness to pay. These study designs assume that stated household WTP is invariant to
who reports it or, at least, that there is no systematic bias between respondents on the basis of
gender or other observable demographic characteristics.

This approach is consistent with a unitary model of household decisionmaking, which
assumes that the household acts as a single decisionmaking unit, with a single set of fixed
preferences and a single budget constraint (Samuelson 1956, Becker 1974). Since the 1970s,
this view has been augmented by the view that household level consumption and labor
supply decisions are the outcome of a bargaining process between adult decision makers in
the household (Ashworth and Ulph 1981, Manser and Brown 1980, McElroy and Horney
1981). The empirical literature on alternative household models has focused on
identification of departures from the unitary model using secondary household level data
(Browning et al. 1994, Lundberg et al. 1997, Browning and Chiappori 1998).

Stated preference surveys, by their nature, collect individual level data. As a result, it is
critical to understand the relationship between individual statements and household level
choice. For example, Bateman (2005) shows that unless adults in a multi-adult household
fully pool income, the standard approach of asking one adult to provide household WTP will
not give an accurate estimate of household WTP. It is unclear at present whether
respondents are providing their own preferences or their appraisal of the outcome of a
household decision process, whether unitary or bargained. This problem may be particularly
important in valuing children’s health outcomes. Differences between parents’ risk
perceptions, risk attitudes, knowledge about and responsibility for children’s health and care,

! The authors are respectively from the Georgia Institute of Technology, Resources for the Future,
Resources for the Future, and University of Alberta. This project is funded by a grant from the EPA STAR
program. We would like to thank Will Wheeler and the ORD staff, other staff at the USEPA and reviewers
for the EPA STAR program for their support of this research. We would also like to thank James Bason
and his staff at the University of Georgia’s Survey Research Center for their work in survey administration.
% Research Assistants, RFF, RFF and Georgia Institute of Technology, respectively.



and control over household budget could affect individual parents’ responses about their
WTP to reduce their children’s health risks.

These concerns suggest that elicitation of household WTP in a stated preference study, in
particular eliciting parents” WTP for reductions in children’s health risks, may be more complex
than typically assumed in stated preference studies. To begin to sort out this complexity and
ultimately help design a WTP survey of households, we conducted a study examining parental
decision-making about a variety of decisions, including reducing children’s health risks in the
context of lead paint exposure. This paper reports on some of the findings of this study,
focusing on family decision processes, leaving to another paper analysis of how parents perceive
and react to decisions about reducing lead paint risks to their children.

Section one of this paper provides a review of the economics literature on household
decisionmaking and of the “mental models” literature related to eliciting decision models. In
section two we set out the methodology used in this study. In section three, we present results.
The implications of these results for design of stated preference surveys is discussed in section
four.

1. LITERATURE
Household Economics Literature

A fundamental problem for economics in studying family decision making is that modern
microeconomics has a subjective, individualistic theory of value, but data are typically collected
at the household level (Vermeulen 2004). As a result, even though households are micro-
societies, it is difficult to infer the role that individuals play within the household. Effectively,
what modern household economics attempts to do is to infer the relationship between
preferences of individuals within the household and the decisions reached by the household from
household level revealed preference data.

Early models aggregate individual utility into a unitary household-level social welfare function.
Samuelson (1956) does this by assuming the family acts as if it were maximizing a weakly
separable household welfare function that is increasing in individual household members’ utility,
Wh = W(u1(g1), u2(g2), us(qsz), ...). The family is assumed to allocate income across family
members by consensus, Y =y; +Yy, + .... Samuelson (1956) shows that if one can assume that
income is distributed within the family “so as to keep each member’s dollar expenditure of equal
ethical worth, the family can be said to act as if it maximizes such a group preference function.”
Becker (1974) assumes the household acts as if a benevolent family dictator were allocating total
household purchasing power among family members to maximize a weakly separable and
increasing in the household head’s own consumption and other family members’ utility, Wy, =
U1(01, u2(02), us(gs), ...). Unitary models imply an income pooling hypothesis, namely that only
aggregate household income and not individuals’ income affects resource allocation within the
household.



An alternative approach to modeling household decisions uses game-theoretic models that
explicitly take the behavior of individual household members into account. One major class of
models assumes non-cooperative bargaining (Leuthold 1968, Ashworth and Ulph 1981,
Browning 2000). Household members maximize their own utility taking other household
members’ behavior as given. The resulting intra-household allocations may not be Pareto-
efficient. These models imply restrictions on observable household behavior that are not implied
by the unitary household models. The second major class of models assumes cooperative
bargaining (Manser and Brown 1980, McEIroy and Horney 1981). Household members bargain
over division of the gains of cooperation that accrue from living as a family. The bargaining
power of household members and assumptions regarding which bargaining strategy is used
determines the specific intrahousehold allocation resulting from the bargaining (McElroy and
Horney 1981, Manser and Brown 1980). These bargaining models allow for the possibility that
the source of non-labor income affects allocation of household resources, i.e., that income is not
pooled. Using this modeling framework, empirical studies have shown that children’s health and
welfare outcomes can differ depending on whether mothers or fathers are given transfers of
income (Lundberg et al. 1997, Phipps and Burton 1996, Hoddinott and Haddad 1995, Doss 1996,
Strauss et al 2000). This finding is not explainable by unitary models.

A major criticism of the cooperative and non-cooperative bargaining models has been that it is
not possible empirically to tell whether the household is rejecting a particular choice and or
whether the assumed bargaining structure does not fit the data (Vermeulen 2004).*> More
recently, an alternative class of models that avoids this problem, called collective household
models, has gained acceptance (Bourguignon and Chiappori 1992, Browning and Chiappori
1998). As in other bargaining models, individuals in collective household models maximize
their own utility. But unlike cooperative and non-cooperative bargaining models, collective
models assume only that the outcomes of the bargaining process are Pareto-efficient. In general,
one individual in the household maximizes their own utility from the household allocation of
consumption, leisure and a public good subject to similarly defined utility of other household
members being greater than or equal to their reservation utility. Household allocation of
resources is also assumed to be influenced by the reservation utility (Apps and Rees 1997).
Reservation utility is usually suppressed in formal presentation of collective models because they
are a function of wage and unearned income and are unobservable (Apps and Rees 1997).
Similarly, factors in addition to price, wage and non-labor income, that are recognized to affect
individual utility are generally suppressed in these models formal notation (Apps and Rees
1997). Utility is maximized subject to a pooled budget constraint with income including both
labor and non-labor income. Assuming that individual utility functions are concave and the
budget constraint is convex, the household’s problem can be characterized as maximization of a
weighted Utilitarian social welfare function subject to a unified full income budget constraint:

® This discussion of collective household models draws heavily on Vermeulen’s (2004) review of collective
household models.
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where, in the two adult household case, i = (a, b, H) indexes individuals a, b and the household
respectively, p is a vector of prices, w is a vector of wages, y is a vector of individual and
household level non-earned income, & are social welfare weights in the household, u' is
individual i’s utility, I' is leisure, g' are private goods, Q is a household public good, q = (@, o,
Q) and T is time.

In collective models, the social welfare weights are interpreted as reflecting the bargaining power
or influence of an individual in household decisions. Changes in relative wages or prices could
result in a change in household consumption patterns not only due to direct wage and price
effects, but also because such effects could change the relative weight of individuals’ preferences
in the household decision. Empirically, exogenous factors that affect the standing of the
individual in the labor market or in marriage, such as education or employment history,
individual non-labor income, or changes in divorce or marital property law, are also
hypothesized to influence bargaining power within the household (Browning and Chiappori
1998, Phipps and Burton 1998, McElroy 1990). The fact that bargaining weights may change in
response to exogenous factors implies that at the household level preferences can no longer be
seen as fixed as they are in the older unitary models.

One attractive feature of the collective household model is that it includes the unitary model as a
special case. There are several ways this can arise. First, the welfare weight on one individual
could be fixed at one. Fixed weights are unaffected by changes in exogenous changes in relative
wage, employment history, or unearned wealth. Depending on the structure of the individual’s
utility function with a fixed weight of one, the resulting model could look like Samuelson’s
consensus model, Becker’s benevolent dictator model, or could take other, less benign, forms.
Another possibility is that the welfare weights are fixed between 0 and 1 and the utility functions
take particular forms. For example, if there is no household public good and no consumption or
leisure externality, then the household social welfare function will be strongly separable in
individual utilities, which is again akin to Samuelson’s (1956) model (Vermeulen 2004).

Finally, if individual preferences are identical, the collective model collapses to a unitary model.

Apps and Rees (1996, 1997) and Chiappori (1997) extend the basic collective model to cases
where there is household production of nonmarket goods. These extensions are informative in
the context of children’s health, which in effect is “produced” in a household as the result of
family decisions. Bourguignon (1999) extends the basic modeling framework to include
children as a public consumption good to adult household members. In some cases, the good
produced by the household is not marketable or has poor substitutes in the market. In these
cases, the shadow price of the good and the shadow price of individuals’ labor in household
production are determined endogenously. In these models, relative wages and prices generally
can no longer be used to identify the bargaining weights or by implication the correct household
model (Apps and Rees 1996, Chiapporri 1997). This, in part explains the focus on unearned



income in empirical studies using revealed preference data to test alternative household models
(Lundberg et al. 1997; Doss 1996). Stated preference studies may be able to directly estimate
relationships implied by alternative household models that are unobservable in revealed
preference data.

Stated preference surveys, by their nature, collect individual level data. As a result, it is critical
to understand the relationship between individual statements and household level choice. For
example, Bateman (2005) shows that unless adults in a multi-adult household fully pool income,
the standard approach of asking one adult to provide household WTP will not give an accurate
estimate of household WTP. It is unclear at present whether respondents are providing their
own preferences or their appraisal of the outcome of a household decision process, whether
unitary or bargained. This problem may be particularly important in valuing children’s health
outcomes.

The above models provide a framework for deciding when it is appropriate to ask one member of
the household a stated preference question or when both members need to be asked, as well as
how to ask these questions and what types of supplementary information to request.

If there are differences in preferences, then it may not be adequate to survey a single household
member. One likely way in which preferences may differ between spouses regards their
preferences over health risks. Many studies show gender differences in risk perceptions (e.g.,
Finucane et al. 2000) and some in risk taking (Byrnes et al. 1999). In most cases males are found
to have lower concerns about risk, or perceive risks as being smaller, than females (Davidson
and Freudenburg 1996; Flynn, Slovic and Mertz 1994). In some cases differences male-female
risk attitudes depend on the type of risk being examined or on more complex relationships
between the risk and the individual (Finucane et al. 2000). Nevertheless, differences between
men and women in their risk attitudes appear to be robust findings across various risk categories
and analytical methods. Since risk attitudes affect the form of individual’s utility function,
gender differences in risk attitudes could lead to different responses to questions about WTP to
reduce risk to children’s health.

Division of responsibility for household production activities may also affect household
decisions affecting children’s health. There are several ways in which this could result in
individual preferences mattering in a WTP study, whether the model is a collective model or a
Samuelson type unitary model. Responsibility for a certain class of activity may influence the
weight placed on a person’s utility. One possibility might be a domain-specific dictator, as in the
traditional case where, “my wife makes all the decorating decisions.” It may also result in
greater weight being placed on the utility of the person with responsibility for a particular
activity in decisions related to that activity, perhaps because the person has gained greater
knowledge about that domain. Finally, in a model with household production of a non-market
good, differences in responsibility for provision of that good would lead to individuals’ time
constraints being affected differently. For example, it is possible that if one person has primary
or sole responsibility for home repairs, that the tradeoffs that person is willing to made on
removal of lead paint might differ from those of a partner who has little responsibility for home
repair. Existing collective household models have assumed that bargaining weights are



invariant to the decision domain. We hypothesize here that weights vary by decision domain.
Thus the bargaining weight is actually a vector of weights. The value of scalars in this vector
may change with the type of decision being made. This allows for the possibility of
specialization within the household. We also hypothesize that knowledge or skill in household
tasks affects these domain-specific bargaining weights.

The household models also suggest that supplementary information, includes good measures of
income and variables to estimate weights, needs to be collected. Welfare weights are a function
of exogenous variables affecting the standing of individuals’ preferences in family decisions
including: information on individuals” unearned income, relative wages, education and other
variables affecting individuals’ prospects in the labor market. Because stated preference surveys
rely on individuals’ subjective evaluations and because bargaining power depends on both
party’s evaluation of their own and the other party’s position, it is also important to know
whether individuals differ in their subjective estimates of these variables.

Mental Models Literature

Choice decisions involving multiple parties, like those in a family, are more complex than
individual decisions and may involve hierarchies of choices. Mental models research offers a
systematic way to investigate the structure of individual and group decisions and can provide a
sounder scientific basis on which to design a valuation survey.

Two decades of work in cognitive and decision science has begun to show how people represent
knowledge about their decision environment in mental models (Gentner and Stevens 1983,
Langan-Fox 2000). Craik (1943, p 61) described mental models as "small-scale model[s] of
external reality" that people invoke and ‘run' in their heads to see how to understand and explain
the world. These models are associations that exist within long-term or short-term memory and
strongly influence how information is retained, recalled and used in decision settings (Bainbridge
1991).

Recent studies have examined how mental models of decisionmaking in a team setting differ
from those of individuals (Orasanu and Salas 1993, Adelman et al. 1986). A marriage can be
seen as a team, with differentiated roles and responsibilities. Team mental models research
provides a methodological foundation for eliciting mental models of joint decisionmaking
from couples (Rouse, Cannon-Bowers, and Salas 1992, Daniels, de Chernatony and Johnson
1995). Researchers have long assumed that teams work better if members share mental
models of team tasks and processes, and that members’ mental models of both task and team
process become more similar — that is, more shared - over time. Levesque et al (2001) found
instead that mental models of team tasks and processes diverged over time, as team members
specialized. Literature on group decisionmaking indicates that individuals in groups often
defer decisionmaking power to those perceived to have more knowledge or experience in the
decision context (Sorkin et al 2001).

Langan-Fox et al. (2000) found cognitive interviewing techniques, including open-ended
questions followed with prompts asking respondents to elaborate, and visual card sorting, to be
useful in eliciting mental models of team decisionmaking. These same methods have been used
successfully to elicit mental models of individual decisions to engage in risky activities, like



smoking in adolescents (Lynch 1995) and lay mental models of indoor radon risk and risk
mitigation (Bostrom et al. 1992).

In this study we elicit both individuals” and couple's mental models of lead hazards and of the
couple’s (dyadic) decision-making process. We elicited task-specific knowledge (i.e., about lead
hazards), task-related knowledge (i.e., about the couple’s risk decision-making), individuals’
risk-related attitudes and beliefs, and knowledge of their partner’s risk-related attitudes (cf.
Cannon-Bowers and Salas 2001). The approach extends mental models research used in other
risk domains (e.g., Bostrom et al. 1992, Morgan et al. 2001) by building on team mental models
research (Levesque Wilson and Wholey 2001, Mohammed and Dumville 2001).

2. METHODOLOGY

We conducted in-person interviews with thirty-five couples (70 individuals). Samples of this
size have been found adequate to capture much of the conceptual variability in a substantive
domain (Morgan et al. 1992). Each spouse was first interviewed individually (all couples in the
sample happened to be married); spouses were then brought together and interviewed as a
couple. Finally spouses were again separated and asked to complete a written questionnaire,
which characterized their decisionmaking styles, took sociodemographic information, asked
numerous questions about their relationship and attitudes towards risks in general and lead paint
exposure, in particular.

This survey included three strategies to assess parental decisionmaking: characterization of direct
statements by parents of how they make decisions; analysis of responses to closed-ended
questions about decisionmaking and factors hypothesized to affect decisionmaking in the
literature, and finally; examination of hypothetical decisionmaking about lead paint mitigation.

The study drew from the population of two-parent households in Atlanta, Georgia, with children
under the age of 7, living in housing built before 1979. We limited the population to owner-
occupied housing. Including rental housing would increase the heterogeneity of the sample by
raising additional issues of control over abatement interventions, and by changing the relevance
of control options. Given a small sample size, a decision was made to control for family
structure to reduce heterogeneity. U.S. Census of Housing data was used to identify
neighborhoods in the Atlanta, Georgia Metropolitan Statistical Area with housing stock built
before 1979. Households were sampled from phone number lists by the Survey Research Center
at the University of Georgia and screened for appropriate characteristics in initial phone contacts.
The first fifteen interviews were conducted by research assistants at a central location at Georgia
Institute of Technology. Because of difficulty in recruiting couples to travel to the interviews,
the final fifteen interviews were conducted in couples’ homes, by the Survey Research Center
interview staff.

A semi-structured interview protocol was used to investigate parental decision-making behaviors
and their mental models of lead paint risks. Prior to the interviews, each spouse was asked to
write down three recent major children’s health decisions. Interviewers selected the highest-
ranking jointly mentioned decision as a focus for the first part of the individual interviews. The



individual interviews began with open-ended questions exploring the decisionmaking process
involved in the couples’ most recent major children’s health decision. Follow-up prompts were
used to assure that issues such as what the problem was, what decision was reached, who
identified the problem, who was involved in the decision, whether prior discussion took place,
who initiated the discussion, what factors were considered, how the respondent felt about the
decision, how their spouse felt about it, and whether this was a typical decision. Open-ended
questions were used to ask about differences between this decision and more routine purchase or
home repair decisions. The next section of the interview dealt with children’s environmental
health problems and focused on parental awareness and level of concern about lead paint hazards
compared to other environmental hazards. Finally, each spouse was presented with a
hypothetical lead paint decision scenario and asked to talk through what they thought their
family would do. Follow-up prompts were used to assure that information on the information
desired, factors considered and role of cost in the family decision was collected. After a break,
spouses were interviewed as a couple.

The couple’s interview followed much the same protocol as the individual interviews, except that
in the hypothetical lead paint decision, instead of eliciting possible health effects and mitigation
options, the couple was given a list of specific effects and options. They were asked to sort these
by seriousness of concern, effectiveness and likelihood that a mitigation option would be
selected.

Finally, the spouses were again separated and asked to fill out a written questionnaire (see
Appendix I). This questionnaire included questions about household decisionmaking styles in
various domains (e.g., home decorating and home repair), basic demographic information,
homeownership, education, employment and commitment to the labor market, income,
household financial management, time spent in various household production activities, division
of responsibility for specific types of family decisions, beliefs and attitudes about children’s
environmental health risks, and knowledge about impacts of lead on children’s health.

The written questionnaire also included a set of questions on marital adjustment, the Dyadic
Adjustment Scale (DAS). The DAS is a 32-question instrument developed by Spanier (1976)
to assess the quality of the relationship perceived by married or cohabiting couples. The DAS
remains the most frequently used instrument with different groups of participants and
cultures for assessing the quality of married life (Casas & Ortiz, 1985; Crane, Allgood,
Larson & Griffin, 1990; Shek, 1994). The items for the DAS were those chosen out of an
initial pool of 100 that (a) were normally distributed; (b) discriminated between married and
divorced people; and (c) loaded highly on one of four factors (Dyadic Consensus; Dyadic
Cohesion; Dyadic Satisfaction; and Affectional Expression). Response scales differ across
the questionnaire, with the consensus items including verbally anchored response scales that
represent the extent of agreement or disagreement between the spouse and his or her partner
for each item (from always agree, to always disagree; or from all of the time to never). The
total score is the sum of scores on all items, ranging from 0 to 151. The scale scores have
been found to have good content and construct validity (Spanier, 1976). Spouses with scores
below 98 are classified as discordant (Eddy et al., 1991; Jacobson et al., 1984).



Spanier built the DAS on four subscales, one of which, the dyadic consensus subscale, is
particularly relevant to decisionmaking. The dyadic consensus subscale consists of thirteen
items assessing spousal agreement on issues ranging from, for example, handling family
finances, household tasks and amount of time spent together, through friends, ways of
dealing with parents or in-laws, religious matters, major decisions, and philosophy of life.
Two of these items (on major and career decisions) are sometimes used as an alternative
consensus subscale (Busby et al., 1995).

3. RESULTS

In this section, we provide both qualitative and quantitative results concerning
decisionmaking processes across the couples. The former are drawn from the open-ended
oral parts of the interviews; the latter from the written survey. The former as of this writing
cover 19 couples. The latter cover 35 couples.

Qualitative Results

To initiate our personal interviews with parents, we asked each parent to list three recent
major child health decisions, or family decision affecting their child. We then selected the
most important of these listed by both parents independently. The individual and couple
interviews each opened with a request that the parents describe this decision: “Could you tell
me about [the most recent major child health] decision that your family made?” The health
decisions discussed by the nineteen couples included vaccination decisions (4 couples),
toothache, earache or ear surgery (4 couples), accidents (skiing, falling through a window),
illnesses (asthma, fever and cold, food poisoning), what to do about a bleeding birthmark,
and choices about summer camp, high school, and speech therapy. A fourth of the couples
had made the decision in question within the previous six months, another fourth within the
previous year.

Several features of their responses are of interest, including how they structured the decision,
and what kinds of factors they took into account in making it. To learn more about how they
structured the decision, we asked whether they had discussed the decision at the time it was
made and/or prior to that time, and who had initiated those discussions. All couples said that
they discussed the decision, and most had also discussed it previously, for an hour or less. In
almost all cases, couples reported that the mother had initiated the discussion that led to the
decision. The two exceptions were a sole father-initiated discussion, and one couple who
initiated the discussion mutually. In the couple interviews, the couples also

reported that the mother usually initiated such discussions. All of the couples reported
having agreed with the decision.

When asked what factors they took into account in making a major health care decision, in
this case regarding a severe, acute onset ear ache, one couple [4C] responded as follows:

Mother: “just wanted to be sure that she was, that we took care of it. We
wanted to be sure that... She could not go in pain. We had to do
something. We had a fear of long term effects of all these burst eardrums.”



Mother: “That’s about it”
Interviewer: Are there any other factors?
Father: “I am sure we thought about the financial part of it”

Another couple described their child’s seizures and epilepsy, and the difficult decision they
had to make whether or not to give her medicine to control them. When asked by the
interviewer to talk about how the decision was made, the father responded first:

Father: “Well, she [mother] discussed it with me, she did the research on
the internet.

Found out exactly what the medicine could do and how it would help her
[daughter]... so”

Mother: “That’s after the, a, the neurologist, you know, discussed it with
me. | went home and looked it up, you know... the internet is a great
thing!”

As these conversations illustrate, parents’ reports of these decisions emphasize the urgency
of many child health decisions, the empathy parents feel with their children when they are in
pain, that information is usually incomplete, but both the internet and a variety of experts and
friends can be called on to fill in gaps. However, the data suggest that the majority of couples
chose the plan of action that was initially considered or most common.

In terms of learning about the viability of a WTP survey of parents about their children’s
health, we were concerned that cost would not be a factor for a significant share of spouses.
The following comment from one mother illustrates our concern:

A couple discussed a decision to take their child to see a specialist about their child’s
persistent cough, which was not clearing up. When the interviewer asked the couple “What
were the factors considered in discussing this decision?” the mother [21C] replied: “When it
comes to your kids, there aren’t any factors. Their health is the most important thing. Cost,
nothing, that doesn’t matter to me.”

Yet, the majority of couples said that they considered the quality and effectiveness of the
decision alternatives, for example, the quality of the hospital to which they could take their
child, as well as cost. Eleven couples mentioned costs in their unprompted description of the
decision process they nominated in the beginning of the survey and one mentioned it after
being prompted. However, no couple reported having considered borrowing ability.

Later in the survey, spouses were asked whether cost would play a role in what to do about
lead paint, assuming they found high levels of lead dust in their house. Most who responded
to this question answered affirmatively — 15 wives and 15 husbands said yes, 2 wives and 2
husbands said no. Further, when asked if there were conditions under which they would
choose a cheaper and less effective option, 9 of the 15 wives and 10 of the 13 husbands
answering said yes, suggesting that a majority but not all of the spouses are willing to think
about tradeoffs.
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Descriptive statistics

For each question in the written questionnaire, there are six sets of statistics: the husband
answering for himself, the husband answering about his wife, the wife answering for herself,
the wife answering about her husband, the answers of the husband for himself and the wife
for herself averaged across the couple, and a variety of statistics at the couple, rather than the
individual level (Table 1). These latter statistics permit us to look at the degree of agreement
in answers across the spouses. Disagreement in responses from spouses of some form is a
necessary condition for it to matter which spouse responds in a stated preference survey.
Many disagreements are what might be termed "mild.” The husband says his wife does most
of an activity (like helping the child with homework), the wife says she does all of it. Other
disagreements are more substantial, for example, if the wife were to maintain that she does
all the helping and the husband were to say he does all of it. For factual questions at the
spouse level, we assume the husband’s (wife’s) answers for himself (herself) are true or
reliable. For questions at the couple level, we will use the average answers in further
analyses.

Demographics. The sample is younger and more educated than the general population. The
average age of men respondents was 36; the average for women was 35. Respondents’ ages
ranged from 26-45 years old (table 1). On average respondents had 16 years of education.
African Americans, but not other minorities are well represented. About two-thirds of the
couples were white and the rest were black. Only six percent of respondents were previously
married. Most (57%) have two children, with up to six children (in one family). Because the
interview protocol required families to have at least one child 7 and under, 73% of children
in the study fit this criterion. All were homeowners, in homes built 1979 or earlier,
consistent with the sampling protocol, with average tenure 6 years. Six percent of the
couples had been married previously. In general, there were minor disagreements among
couples on virtually every demographic question except having been divorced. Most of these
are of a level that would qualify as measurement error, but it is interesting to see that this
kind of error is present even on basic factual information about the families.

Employment and Income. Employment and income patterns can affect the weight of
individual preferences in family decision. Ninety-one percent of husbands and 63% of wives
in our sample were employed (table 1). Most hushands (64%) said they worked more than
40 hours a week. Most wives who worked, reported working 20-39 hour per week range.
Not surprisingly, the husbands’ contribution to family income was far higher than the wives:
73% vs. 27%, although seven wives (of 34 answering) contributed over 50% of household
income. Median pre-tax, household income (in 2004) was between $60,000 and $74,000.
However, the wives thought mean family income (in 2004, before taxes) was a bit lower than
the husbands did: $79,860 vs. $83,290.

Spouse’s perceptions of their own and their spouse’s relative contribution to family income
are also theorized to affect household decisions. Husbands and wives were each asked what
percent of household income they and their spouse contributed. We see from the table 2 and
figure 1 that on average, husbands and wives have the same perception of the amount of
income the wife is contributing. This happy average state of affairs masks significant
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differences in perception. From the husband’s perspective, the worst cases in this study are a
husband who thinks his wife is contributing 40% less than she thinks she is and a husband
who thinks his wife is contributing 20% more than the wife thinks she is. From the wife’s
perspective, one wife thinks her husband contributes 75% less than he thinks he does and
another wife thinks her husband contributes 55% more than he thinks he does.

Some of these disagreements may simply be lack of knowledge about what total household
income is. On average, husbands think household income is $3,400 greater than wives do.
But again, at the extremes, one husband thinks their combined income is $45,000 less than
the wife thinks at the other extreme, one husband thinks total household income is $30,000
greater than what the wife thinks it is.

Because attachment to the labor market figures heavily in the empirical literature on
household bargaining, four additional questions were commonly asked to gauge degree of
desire to working outside the home: whether the spouse would prefer to stay at home with the
children, whether the respondent would prefer that their spouse stay home with the children,
whether the spouse’s career is more important than the respondent’s, and whether the spouse
feels he or she should be the breadwinner in the family. These questions evoke very different
responses in husbands and wives, while the husband and wife generally agree with one
another’s assessments. In general, wives want to stay home with their children and do not
want their husbands to do so. Husbands want their wives to stay home with the children, but
have a range of feelings about themselves, not strongly skewed against staying home. Both
wives and husbands generally agree that the husband should be the breadwinner. However,
there is close to indifference about whose career is most important, with an edge to the
husband’s, given by both the husbands and wives.

Decisionmaking. This study focuses on financial and health decisions because these are
relevant to children’s health valuation. Couples in the study exhibit three general approaches
to household financial management: joint management, separate management, and allocated
or assigned management. In allocated or assigned management, one spouse has a
housekeeping or personal spending allowance and the other spouse manages the rest of the
household money. Within couples’ there is general agreement about which model fits. Most
(73%-79%) of the couples managing their money jointly. Most of the rest are in the
assignment mode (table 3). Later in the survey, respondents were asked to make a general
characterization of who makes decisions in the household and then were ask about division
of decisionmaking responsibility about in specific decision contexts. Self-reporting on
decision style may lead to an over-reporting of “joint” decisionmaking because people may
want to view themselves as conforming to a norm that family decisions should be made
jointly.

In their general characterization of who makes decisions in the household, both 88% of wives
and 88% of husbands said that decisions were made jointly, although there was some
disagreement at the couple level, as discussed below. Only 9% of the husbands said they
made more of the decisions. Once the context was made specific, these percentages
sometimes changed. Most couples make financial decisions jointly but some wives (23%)
and husbands (18%) said that the husbands make more of these decisions. No men said their
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wives made more of the financial decisions. For decisions involving major purchases, which
is another way of describing financial decisions, 79% of wives and 82% of husbands say
these decisions are made jointly. The remaining respondents are split equally in saying the
wives or themselves make more (or all) of these decisions.

In their characterization of specific decision domains, there was evidence of specialization.
This was particularly prominent in the context of children’s health, where only 26% of wives
and 32% of husbands say that decisions are jointly made. 71% of wives say they make the
decisions about doctor visits for their kids, for instance, with only one saying her husband
makes more of these decisions. As a group, the husbands generally agree with their wives on
this issue.

Couples differ in the extent to which they agree about how they make specific decisions or
manage finances. To aid this discussion, we define the following terms: Joint (spouses agree
that they make decisions jointly), Agree (spouses agree that one or the other makes the
decision), Disjoint (where one thinks they make decisions jointly and the other thinks the
situation is different), and Disagree (one thinks one makes the decision and the other thinks
the other makes the decision). Considering the general decisionmaking question first, 26
couples agreed that decisions are made jointly. None agreed that one spouse or the other
makes all, most or more of the household’s decisions. The rest of the responses can all be
classified as disjoint. Childcare is one of the domains with the most disagreements: 13
couples agree that they make joint decisions, and 7 couples agree that the wife makes more
decisions. The remaining 14 couples that answered this question are disjoint.

Allocation of time. The amount of time different individuals spend on certain activities may
affect help explain patterns of decisionmaking. It is clear (table 4) that financial tasks are
shared fairly equally in nearly all households, while husbands dominate only home repair and
renovation in terms of the time spent on these tasks. For all other tasks, wives spend more
time than their husbands do and the spouses generally agree on this. In particular, wives
spend more time than their husbands caring for children. One interesting area of
disagreement (or disjointedness) between couples concerns time spent helping children with
their homework. Husbands think they do more of this activity than their wives think they do.
There is also disagreement between spouses about who takes the kids to the doctor. While 22
couples agree that the wife spends more time taking children to the doctor, 13 couples are
disjoint. A similar situation with is found for homework, cleaning the house, spring-
cleaning, decorating, major purchases and financial management.

Marital Adjustment. To test if marital adjustment affects decision making in couples, we use
the 32-item DAS, as described above. Scoring rules differ by question (see Appendix I).
Unhappy couples have been normed to be those with a score of 98 or less. In this study both
spouses completed the DAS questionnaire. Husbands' scores range from 61 to

138 with an average of 113 (table 5, figure 2). 12% of the husbands rate their marriage with
a 98 or lower. Wives’ scores have a wider range (59-143), but the average is the same as the
husbands at 113. Only 9% of the wives scored their relationship 98 or less. In some couples,
spouses have different scores on this 32-item scale. In eight couples, the wife's marital
adjustment score is 10 points or more above her husband's and for another six couples the
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husband's score is ten or more points greater than the wife's. All told there is only one couple
with both spouses rating their relationship at or below the cutoff score of 98.

There is a subset of 13 questions in the DAS in which respondents are asked how often they
agree or disagree on specific decision areas such as handling family finances, religious
matters, recreation, dealing with parents or in-laws, etc. Among these thirteen decision areas,
there is almost no area in which one spouse says that they always or almost always agree and
the other spouse says they always or almost always disagree. We do find some serious for
which both spouses acknowledge disagreements: in-laws, the amount of time the couple
spends together, leisure interests and activities, and career decisions.

In this series of questions, there are also more factual questions, such as “How often do you
and your spouse quarrel?” Differences in spouses’ responses on these questions could be
problematic because they indicate different perceptions about the quality of the marriage.
For these questions, serious differences in couples responses are defined as two or more
points of difference on the five-point scale in which 0 indicates poor marital adjustment and
5 indicates high. The questions “How often do you engage in a stimulating exchange of
ideas?”, “how often do you calmly discuss something?”, and “how often do you work on a
project together” provoked some serious differences between spouses’ responses. There
were also serious differences in responses on yes/no questions including the question about
whether being too tired for sex has caused problems. Twelve couples had one spouse say
Yes and the other say No. Six couples both said Yes and fourteen couples both said No.

Attitudes Towards Risk. Another factor that could influence decisionmaking is attitudes
towards risk. To gauge such attitudes about lead exposure, in the oral section of the survey
we asked spouses whether they were worried about lead paint. Fewer husbands (6 yes, 13
no) said they had worried about lead paint than wives (11 yes, 8 no).

In the written survey, we placed asked respondents to rank eight health risks, including lead
paint, according to various dimensions of qualitative and quantitative risks. These other
health risks included air pollution, climate change, radon, small pox, small pox vaccine,
anthrax and influenza.

The results are voluminous, but the main ones are: (i) flu and air pollution are viewed as the
most risky with lead in the middle of the group, assessed equally by the wives and husbands
and viewed by both parents as a bigger risk to children than to the overall population.
Climate change was the most “unknown” risk, anthrax the most “serious,” and climate
change had the longest lead time. Air pollution is viewed as the risk causing the most
exposure. For lead, wives think exposures are more widespread than husbands do, as we saw
in oral responses.

In table 6, we show detailed results for the qualitative risk dimension “controllability” across
the eight risk categories for husbands and wives. Here, we supply the percentage of each
gender ranking each risk as most controllable down to the least controllable. We find that
lead paint is seen as the most controllable risk (not surprising, given the alternatives) and that
there is more disagreement about this across the husbands than the wives.
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Knowledge About Lead. As noted above, knowledge about a topic of concern may help
explain patterns of specialization in decisionmaking. It may also be an indicator of ability to
or interest in searching out or absorb information relevant to decisionmaking. This ability
may help explain patterns of specialization. We looked at this issue both in the oral and
written parts of the survey. In the oral section, we asked spouses separately and the couple
together to consider a hypothetical decision concerning lead paint mitigation: “How much do
you know about the health risks from lead paint (own knowledge); how much do you think
your spouse knows?”

Interestingly, both husbands and wives thought their spouses knew more about health effects
than they did, on average. On this question, 7 couples agreed on how much the wife knows.
The average score of women on their own knowledge was 2.8, with the husbands giving their
wives an average score of 3.3. Their responses were positively correlated, r = 0.62. There
was somewhat less agreement on how much husbands know, with only 5 couples giving the
same the estimates for the husband’s level of knowledge, with husbands rating their own
knowledge at 2.5, and wives rating their husbands’ knowledge at 3.2 on average, (one-tailed
paired t-test, p < 0.05), r =0.11.

In the written part of the survey, we asked thirteen true-false-no opinion questions to test for
knowledge about lead and its effects. Overall, the wives as a group are more often right than
the husbands (if we simply sum up right answers over all 13 questions) (table 7, figure 3).
On average, the wives got 10 questions right, the husbands nine. The questions most
frequently missed by both groups are whether lead absorption is greater when a person has
iron deficiency (TRUE), and whether lead exposure can lead to hypertension (TRUE).

It is plausible that when one spouse has more knowledge about a problem than another, that
spouse might take a greater role in the decision over what to do about that problem. We
therefore tallied up the number of times a husband had a different answer to the lead
knowledge questions than the wife did, and in which direction. We found that for six couples
the wife outperformed the husband, being correct on four or more questions her husband
missed. Correspondingly, we only found two couples where the husband outperformed the
wife on four or more (four) questions.

Regression Analysis

Below, two types of regression analyses are presented. The first explains couples’
decisionmaking in each of five decision domains specifically relevant to children’s health
valuation: child doctor visits, childcare, paying bills, family income management and
household purchase decisions. The second pools responses to all ten decisionmaking
domains examined in the survey to explain spouses perceived decisionmaking. Both
analyses feature observations at the spouse level (rather than the couple) because husbands
and wives may disagree. The data set includes responses from 35 couples, or 70 spouses.
Table 8 presents definitions of the dependent and explanatory variables.
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Hypotheses. As discussed above, recent developments in the economic theory of household
decisions focus on the weight that different household members’ preferences have in
household decisions, the determinants of that weighting, and whether decisions outcomes are
the result of bargaining. The fundamental feature of these models is that factors that affect
spouses’ options outside the marriage influence their bargaining power in household
decisions. On this basis, we would expect that relatively exogenous factors related to
employment decisions such as: relative income or wage rates, relative education levels, the
level of commitment to work, unemployment spells and the extent to which both spouses
work full time will influence household decisions. We would also expect that factors that
reflect the quality of communication in the marriage, here measured by the DAS, could affect
household decisions. Finally, literature on group decisions suggests that relative levels of
knowledge about a problem affects who influences group, i.e., family, decisions.

A fundamental empirical problem for the household literature is that the primitives of this
model are unobservable. Most commonly, empirical work testing for the appropriateness of
alternative models has taken a revealed preference approach relying on household level
consumption and labor supply outcomes as measures of the outcomes of household decisions
(Phipps and Burton 1998, Lundberg et al. 1997, Strauss 2000). Several studies have used
purchases that benefit only specific members of the household, like women’s or children’s
clothing purchases, as a measure of the influence of those individuals’ preferences in family
purchase decisions. Dosman and Adamowicz (forthcoming) elicit individual and couples
choices in a conjoint stated preference survey and use this to estimate implied household
welfare weights. In the study presented here, the observable outcome is who plays a role in
household decisionmaking. We define the dependent variable as whether a decision is made
jointly or by one of the spouses alone. To explain variation in this dependent variable, we
use data collected on a wide range of independent variables that household economic models
and mental models suggest could influence the role of individual preferences in family
decisions.

Assuming that an individual’s preferences play a greater role in the household decision if
they are involved in the decision, we can use the distinction between joint and individual
decisionmaking as an indicator of whose preferences carry weight in household decisions.
Obviously this conclusion might not hold if altruism plays a strong role in the way families
make decisions. For example, Becker’s family dictator takes the utility of other household
members into account. This conclusion also may not hold if the couple agrees to specialize
in decisions over various domains. As a result, this work should be viewed as a means of
getting at stylized facts about household decisions that will be tested more rigorously in our
planned stated preference survey research.

We have specific hypotheses about how some of our independent variables affect the
likelihood that decisions are made jointly or by an individual spouse. For instance, we
expect that where income contributions of the spouses are more equal we are more likely to
see joint decisionmaking. For other variables, we do not have hypotheses about the direction
of an effect but do expect that an effect could be present, for example, for race, income,
education or age. Note also that some of the explanatory variables, such as time allocation,
are themselves endogenous. At this point in the analysis, we have not attempted to estimate
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more complex models to account for this. We also recognize that, ideally, we should use
multinomial logit techniques to analyze these data, as decisionmaking could be joint, the
husband’s lead or the wife’s lead. However, there are not enough observations about all

three options for any decision variable to justify this more complex approach.

The fundamental question we seek to address is whether it matters for stated preference
survey research which adult in the household is interviewed. Even if a unitary model
properly describes household behavior, it would matter who researchers interview in a stated
preference study if there is specialization of responsibility for and knowledge about particular
household decisions. Responsibility could vary by domain. This would suggest that the less
the difference in the amount of time spouses spend on a household task, the more likely it is
that decisions about that domain would be made jointly. We hypothesize that the larger the
number of children, the more likely it is that spouses will specialize between home and
market labor and the less likely it will be that decisions about children will be made jointly.
Another way in which such specialization might arise is if one of the spouses specializes in
information gathering (Sorkin et al. 2001). As a proxy for knowledge levels we use correct
responses to a set of knowledge questions about lead paint hazards as an indication of
information gathering performance. The less the difference in this variable, the more likely
that decisions will be made jointly.

Regression results. As noted, due to small sample size we construct a bivariate dependent
variable from the multivariate variables on who makes decisions. We restrict decision
outcomes to a dummy variable taking a value of zero for joint decisions and one for “____
makes more of the decisions.” For many decision domains there is a strong gender bias in
decision responsibility across the 35 couples. So for example, for childcare decisions no
respondents said husbands made this decision, while 28 said the wife made the decision.
Forty respondents said childcare decisions were made jointly. In this case we dropped the
observations for “husband makes most child care decisions” and constructed a binary
variable with 0 for joint decisions and one for “wife makes more of the decisions.” A similar
pattern was followed for decision domains where few wives made more of the decisions. For
decision domains that did not exhibit strong gender bias, we addressed the small sample
problem by constructing a dummy in which zero indicates a joint decision and one indicates
that one spouse or the other makes more decisions. In this case no observations are dropped.
For income pooling, the dependent variable is defined as O if the couples manage their
financial accounts jointly and 1 if they do not.

Table 9 provides the results from logit regression on two child-related decisions and three
financially-related decisions: taking children to the doctor (1 = wife; 4 husband decision
makers dropped); childcare decisions (1= wives make decisions; none dropped), paying bills
(1 = either husband or wife makes decision; none dropped), financial decisions (1 = husband,
2 wife decision makers dropped), and household income management (1 = either husband or
wife makes decision; none dropped).

Household income and whether one or both spouses spend time on a task are significant in

explaining both child-related and financial decisions. The higher household income, the less
likely it is that decisions about taking children to the doctor, childcare and finances are made
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jointly. For decisions about taking children to the doctor, paying bills, and managing
finances, decision are more likely to be specialized when one or the other spouse spends most
of the time on this task. Years of education is significant in explaining some of the finance
decisions, but not the child-related decisions. The more years of education, the less likely it
is that couples pay bills jointly and the more likely it is that they pool their income. Oddly,
the greater the difference in education, the more likely childcare decisions will be made
jointly. The more children there are in the family the more likely it is that decisions on
whether to take children to the doctor and bill paying are made jointly. Number of children
is not significant for any other decisions.

There are a cluster of independent variables related to employment and income. Total
household income affects both child-related decisions as well as general financial
management decisions. The higher the income, the more likely it is that couples will not
make child-related decisions and general financial decisions jointly. The wife being
employed is associated with joint childcare decisions. However, given that the wife is
employed, the greater the wife’s share of the household income, the less likely it is that
childcare decisions will be made jointly. Also the greater the wife’s share of the household’s
income, the more likely it is that financial decisions will be made jointly. The lower the
index of commitment to working in the labor market, the less likely it is that decisions to take
children to the doctor will be made jointly. The implication is that where wives are at home
and happy about it, they are more likely to specialize in making child medical decisions.

There are a number of results that are difficult to explain. It is not clear why a high score on
the marital consensus subscale would be associated with joint decisions about taking children
to the doctor, but would not be significant for other decisions. We use knowledge about lead
gained through earlier parts of the survey (or from prior knowledge) as an indicator of an
interest in and ability to obtain knowledge in general. It is not clear why this would be
associated with joint decisions on taking children to the doctor and paying bills, but not other
decisions. The index of beliefs about controllability of risks to children is associated with
non-joint decisions about paying bills. It is conceivable that there is some correlation
between a sense of being able to control risks with a willingness not to have as tight joint
control over bill paying, but this is speculation on our part.

Table 10 presents results of logit regressions on the pooled set of decisions in all ten
decisions domains. As noted above, much of the household decisionmaking literature
assumes that decisionmaking models are invariant to the decisionmaking context or domain.
With our data we can test this proposition by lumping together all the decision-making
responses (10 domains per survey) to create a 700-observation dataset. As before, dummy
variables were created to indicate whether the decisionmaking model was classified by the
respondent as joint or other.

First, decision domain matters. All dummies for domains (but one) are significant (against
the childcare default dummy and the show significant differences in some instances with one
another, clustering in two groups, one where joint decisionmaking is more likely and the
other where either spouse specializing is more likely. Once domain is controlled for, then the
effect of gender on decisionmaking style (which we see in chi-square tests) is eliminated.
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A number of patterns identified in the individual decision analysis become even clearer in the
pooled analysis, controlling for domain. As in the individual decision domains, higher
income is associated with specialization, however, the effect could only be detected when
income is included as a categorical variable (above or below median income) and not when it
is included as a continuous variable. More years of education are also associated with
specialization. Age is associated with a higher likelihood of joint decisions, but only once
we use the income dummy variable. The more children a couple has, the more likely they
specialize. Similarly, holding constant household income, age, number of children,
education and marital consensus, households in which wives are employed also specialize.
Finally, all else constant, the higher the DAS subscale score for marital consensus, the more
likely it is that decisions are made jointly.

4. CONCLUSIONS AND IMPLICATIONS

The major concern of this paper is whether asking WTP questions of one parent in a two-
parent household will lead to an accurate representation of household willingness to pay.
This paper does not directly address this issue, in the sense that we do not ask different
parents their household WTP and compare their responses. That is our next step. This paper
addresses a prior question, although one that has implications for a WTP survey, which is
whether decisions in a variety of domains are made jointly or there is specialization by
spouses and what factors drive this difference. We infer that if spouses in the household
specialize in decisionmaking then asking different spouses a WTP question is more likely to
lead to different answers.

This investigation is informed by both the economics literature on household behavior and
the mental models literature on group decisionmaking. It looks to the economics literature
for variables that are expected to influence the relative role of different spouses in household
decisions. It looks to the mental models literature both for factors that influence the role of
individual’s in-group decisions and for methodology to systematically study couples’
decisionmaking processes.

In general, decisionmaking style varies by domain and is affected by variables that are
expected from theory to contribute to power (welfare weights) in the relationship, such as
income share, wife employment status, work commitment, and differences in education.
From the literature on mental models, as well as from an interpretation of the household
behavior literature, we also expect and find evidence for effects of domain knowledge, time
spent in the domain, and marital consensus.

We also learned several lessons for a future WTP study. The most important is that the
majority of couples appear to consider cost in their major decisions about children’s health
and, specifically, in response to our hypothetical question about decisions in response to a
finding of high lead levels in the home. They were willing to make tradeoffs with
effectiveness and cost. Another lesson is that there are gender differences in risk attitudes
and risk perceptions, e.g., wives think lead exposure is more widespread than hushands and
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are more worried about its impact on children. However, they both view the lead paint
problem as equally controllable. A further lesson is that it is a viable strategy to administer a
survey to couples and spouses separately.

There are many caveats to these conclusions. The sample is too small to do a more thorough
test of decisionmaking styles using MNL techniques to capture the three styles: husband
decides, wife decides, joint decision. With a larger sample we could remove the ambiguity
of the “other” answer. Future work will involve almost ten times this sample size. In
addition, we will need to address endogeneity issues associated with some of our explanatory
variables. Further work is also needed on understanding differences between spouses
responses — both on opinion and facts — across couples. For instance, spouses seem to have
significant differences in perceptions about what household income is and different
perceptions about their own and their spouses’ income share.
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Table 1. Descriptive Statistics of Selected Variables.

Husbands Wives Total
Mea | siq Std std
n Dev | Min | Max | |Mean| Dev | Min | Max | |Mean| Dev | Min | Max
Age 36.21| 6.08(30.50| 50.50] | 34.56| 6.38(21.50| 50.50] | 35.39| 6.25|21.50| 50.50
Race
(Non-White=1) 0.29| 0.46| 0.00 1.00 0.31| 0.47| 0.00] 1.00 0.30| 0.46| 0.00, 1.00]
Previous Marriage (%) 0.14| 0.36| 0.00] 1.00 0.06| 0.24| 0.00] 1.00 0.10] 0.30] 0.00] 1.00
Number of Children 2.26| 1.04| 0.00{ 1.00 2.26| 1.04| 1.00| 6.00] 2.26| 1.03| 1.00{ 6.00
IAge of Children 5.79| 4.84| 0.25| 28.00 5.58| 4.89| 0.00| 28.00 5.69| 4.85| 0.00| 28.00]
lAge of Oldest Child 7.68| 5.85| 0.58| 28.00 7.52| 5.90| 0.58| 28.00 7.60| 5.84| 0.58| 28.00
Education (Years) 16.06| 2.45(12.00| 19.00] | 16.09| 2.23|12.00| 19.00] | 16.07| 2.32/12.00| 19.00,
Education Difference
(Husband - Wife) - - - - - - - - 0.00| 1.97|-4.00] 5.00
Absolute Value - - - - - - - - 1.23| 1.53| 0.00[ 5.00
House Built (Year) 1954(22.24 1903 1979 | 1954|21.32|1907| 1979 1954(21.61| 1903| 1979
'Years in House 5.50| 3.15| 0.08| 11.50 6.40| 5.26| 0.08| 30.00 5.96| 4.34| 0.08| 30.00
Employed (%) 0.91| 0.29| 0.00{ 1.00 0.63| 0.49| 0.00] 1.00 0.77| 0.43 0.00, 1.00]
Full-time (%) 0.74| 0.44| 0.00{ 1.00 0.17| 0.38| 0.00] 1.00] 0.46 0.50 0.00| 1.00]
Part-time (%) 0.14| 0.36| 0.00] 1.00| 0.46/ 0.51| 0.00] 1.00] 0.30| 0.46| 0.00, 1.00
Total Household 142.0 142.0 142.0
Income ($000)* 83.29|35.15(22.00 0] | 79.86(35.49/22.00 0] | 81.57(35.11|22.00 0
Contribution to
Income (%)* 72.61|27.52| 0.00[ 95.50] | 26.51/32.56| 0.00( 95.50] | 49.90(37.85| 0.00( 95.50
Dyadic Scale of
[Marital Adjustment 113.0 138.0] | 112.9 143.0] | 113.0 143.0
(32-1tem) 6/15.95|61.00 0 4/15.25(59.00 0 0[15.49|59.00 0
13-1tem DAS
Scale 48.78| 8.25|25.00| 63.00] | 49.73| 4.36|37.00| 61.00] | 49.26| 6.54|25.00| 63.00
Index of Work
Commitment 2.32| 1.36| 0.00] 4.00 0.32| 0.53| 0.00] 2.00 1.32| 1.44] 0.00] 4.00

*Total Household Income and Contribution to Household Income values are created by
taking the midpoint of respondent-selected income intervals.
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Table 2. Income Related Disagreements.

Difference Within Each Couple

Hushands View  Wives View (Husband-Wife)
Std Std Std

Mean | Dev Mean | Dev Mean| Dev Min | Max
Husband's
Contribution to
Income (%) 72.61] 27.52 74.00 28.46 -0.44 18.52| -55.00| 75.00
\Wife's Contribution
to Income (%) 28.68/ 31.61 26.51| 32.56 0.77 10.87| -40.00| 20.00
Total Household
Income ($000) 83.29] 35.15 79.86| 35.49 3.43 14.59| -45.00| 30.00
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Table 3. Decisionmaking and Income Pooling Statistics.

Husbands View Wives View Couple-Level Agreements
(%) (%) (%)
Agree
Husband| Wife | Joint Husband| Wife | Joint Agree| Non-

Decisionmaking DM DM DM DM DM DM Joint | Joint |Disagree| Disjoint
DM: General 9 3 88 3 9 88 76 0 0 24
DM: Home Repairs 50 3 47 47 3 50 38 41 0 21
DM: Decoration 6 67 26 6 70 24 12 61 3 24
DM: Childcare 0 41 59 0 41 59 38 21 0 41
DM: Paying Bills 38 35 26 35 29 35 21 59 0 21
DM: Kids to Doctor 9 59 32 3 71 26 15 53 3 29
DM: Kids Clothing 3 74 24 0 67 33 18 61 0 21
DM: Car 18 0 82 18 6 76 68 6 3 24
DM: Major Purchases 9 9 82 12 9 79 68 6 0 26
DM: Finance 18 0 82 23 6 71 65 12 0 24

Husbands View Wives View Couple-Level Agreements
(%) (%) (%)
Assigned Assigned Disagree | Disagree
Income Pooled Manage-| | Pooled Manage-| |Agree|Agree| Pool vs. | Pool vs.
Pooling Income |Separate] ment Income |Separate] ment Pooled/Assign| Assign |Separate
Pooled Income? 73 0 27 77 6 17 61 9 27 3

23




Table 4. Time Allocation Statistics.

Husbands View Wives View Couple-Level Agreements
(%) (%) (%)
Husband| Wife Husband| Wife
Spends |Spend Spends |Spend Agree
More |s More|Joint] | More |s More|Joint] |Agree| Non-
Decisionmaking Time | Time |TA Time | Time | TA] | Joint | Joint |Disagree| Disjoint

TA: Infant Care 3 84 |13 4 82 |14 7 79 0 14
TA: Sick Kids 9 83 | 9 6 83 |11 6 83 3 9
TA: Kids to Doctor 3 74 |23 3 83 |14 0 63 0 37
TA: After School Care 6 68 | 26 0 75 |25 15 63 4 19
TA: Kids Homework 0 52 | 48 0 78 | 22 24 | 57 0 19
TA: Teacher Meetings 4 44 | 52 7 54 |39 28 32 0 40
TA: Cleaning House 6 54 |40 6 69 | 26 20 | 54 0 26
TA: Seasonal
Cleaning 17 37 | 46 12 50 | 38 26 | 32 9 32
TA: Decoration 9 54 | 37 6 68 | 26 15 | 44 6 35
TA: Home Repairs 71 3 |26 69 6 |26 14 | 63 0 23
TA: Home
Renovation 59 6 |34 60 6 |34 25 | 56 0 19
TA: Paying Bills 40 40 |20 34 40 | 26 17 | 71 0 11
TA: Finance 37 29 | 34 37 31 |31 17 | 48 3 31
TA: Major Purchases 23 17 | 60 21 29 | 50 38 | 23 6 32
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Table 5. Descriptive Statistics for the Dyadic Adjustment Scale (32 Questions).

Difference Within Each
Couple

Husbands Wives (Husband-Wife)
Std Std Std

Mean | Dev | Min | Max Mean | Dev | Min | Max | |Mean| Dev | Min | Max
Handling Finances 3.56| 0.82] 1.00| 5.00 3.62| 0.65| 2.00 5.00| |-0.06/ 0.69 -2.00| 1.00
Recreation 3.79] 0.73| 2.00 5.00 3.94| 0.34] 3.00] 5.00| |-0.15] 0.70| -2.00] 2.00
Religious Matters 3.82| 0.80| 2.00| 5.00 3.85/ 0.86| 1.00] 5.00] |-0.03] 0.80] -1.00] 2.0Q
Showing Affection 3.85/ 0.99] 1.00/ 5.00 3.91] 0.67| 2.00] 5.00| |-0.06| 0.89 -2.00] 2.00
Friends 4,03 0.87] 1.00] 5.00 3.94| 0.55| 3.00] 5.00] | 0.09] 0.93 -2.00] 2.0Q
Sex Relations 3.76/ 0.94] 1.00 5.00 3.68/ 0.81] 1.00 5.00| | 0.09] 0.98 -2.00] 3.00
Proper Behavior 3.76| 0.96] 2.00] 5.00 3.68| 0.64] 2.00 5.00| | 0.09] 0.93 -1.00] 2.00
Philosophy of Life 3.81] 0.78] 2.00] 5.00 4.00] 0.65] 2.00] 5.00] |-0.16| 0.85] -2.00] 1.00
Dealing With In-laws 3.68/ 0.84] 1.00 5.00 3.85/ 0.66| 3.00 5.00| |-0.18] 0.87] -2.00] 1.00
IAims and Goals 4.12| 0.77] 2.00] 5.00 4.03 0.68 2.00] 5.00] | 0.09] 0.77] -1.00] 2.00
Time Spent Together 3.74/ 0.90| 1.00] 5.00 3.94| 0.60] 3.00 5.00| |-0.21] 0.91] -2.00] 2.00
IMajor Decisions 4.03 0.80] 2.00] 5.00 3.79] 0.64] 2.00 5.00| | 0.24] 1.02] -2.00] 2.00
Household Tasks 3.21] 0.98] 0.00] 5.00 3.38| 0.65| 2.00 5.00] |-0.18] 1.03 -3.00] 2.00
Leisure Time 3.56| 0.99] 0.00 5.00 3.82| 0.52| 3.00 5.00| |-0.26] 1.16] -4.00] 2.00
Career Decisions 3.94] 1.01] 1.00] 5.00) 3.88| 0.54] 3.00] 5.00| | 0.06] 1.10] -3.00] 2.00
Discuss Divorce 4.44] 0.70| 2.00 5.00 4.36 0.99] 0.00] 5.00] | 0.09] 1.07] -3.00] 4.00
Leave After a Fight 4.56| 0.66| 3.00 5.00 4.61] 0.56| 3.00] 5.00] ]|-0.06| 0.70] -1.00] 1.00
Things Going Well 3.32] 1.32] 0.00] 5.00 3.45/ 1.25| 0.00 5.00| |-0.12] 0.65 -1.00] 1.00
Confide in Mate 3.65/ 1.57| 0.00] 5.00 3.61] 1.69] 0.00 5.00] | 0.00] 1.25 -2.00| 5.00
Regret Marriage 4.62| 0.70] 2.00] 5.00 458 0.71] 2.00] 5.00] | 0.03] 0.73] -2.00] 1.00
Quarrel 3.45/ 0.75] 1.00] 5.00 3.39] 0.75] 1.00 5.00] | 0.09] 0.59 -1.00] 2.00
Get on Nerves 3.32| 0.84] 1.00] 5.00 3.12| 0.78| 0.00 4.00| | 0.21] 0.70] -2.00[ 1.00
Kiss your mate 3.56| 0.86| 1.00| 4.00 3.61] 0.75 1.00 4.00] |-0.03] 0.77| -3.00] 2.00
Engage in Interests 2.56| 0.75 1.00] 4.00) 2.58] 0.75] 0.00] 4.00] | 0.00] 0.87| -2.00] 3.0Q
Exchange of Ideas 3.24] 1.23] 0.00, 5.00) 3.55| 1.03] 1.00] 5.00f |-0.31] 1.53 -5.00] 3.00
Laugh Together 4.27) 0.72| 3.00] 5.00 4.21) 0.82] 2.00] 5.00] | 0.09] 0.89] -1.00] 2.00Q
Calmly Discuss 3.97| 0.98] 2.00] 5.00 4,09 0.80] 2.00] 5.00] |-0.06] 1.11] -2.00] 2.00
Project Together 2.70| 1.33] 0.00, 5.00) 2.73| 1.40| 1.00 5.00| |-0.06] 1.66] -3.00] 4.00
Too Tired For Sex 0.61] 0.50, 0.00, 1.00 0.61) 0.50] 0.00] 1.00] | 0.00] 0.62] -1.00] 1.00
Not Showing Love 0.76| 0.44] 0.00 1.00 0.79] 0.42| 0.00f 1.00| | 0.00] 0.44] -1.00] 1.00
Overall Happiness 3.97| 1.45 0.00] 6.00 4,25 1.22| 2.00, 6.00] |-0.23] 1.48 -5.00] 3.00
Future of Relationship 4,55 0.51] 4.00] 5.00 4,16 0.68/ 2.00 5.00] | 0.35 0.95 -1.00] 3.00
Sum of Responses
(32-1tem Scale) 113.06]15.95/61.00/138.00] ]112.94{15.25|59.00/143.00] | 0.12|15.14|-23.00| 47.00)
Sum of Responses
(13-Item Scale) 48.78 8.25/25.00] 63.00| | 49.73| 4.36/37.00| 61.00| |-0.97| 7.49/-14.00] 18.00
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Table 6. Ranking of Hazard Controllability by Spouse - % of Respondents for each
Possible Ranking (1=Most Controllable).

Air Climate Lead Smallpox
Pollution| Change | Radon Paint |Smallpox| Vaccine | Anthrax |Influenza
Rank | H WJH| WJH|W]JH|{W]J]H|{W]J]H|W]J]H|W]H|W

1 9 3 3 3 35 200 69 54 12| 17 54 7 9 3 14 14
2 9. O 3 O 24 23 200 34 3 113 3 6 6 3J 9 6
3 17 ¢ 11 ¢ 21 333 0 11 15 11 20 3 17 9 17 34
4 14 34 11 17 9 14 3 0 21 29 11 12 20 23 34 23
5 23] 31 200 14 6 9 6 0O 29 14 9 3 20 20 11 17
6 9 14 6 14 3 F 3 O 9 9A 3 O 14 26 117 3
7 17] 14 31 260 3 O O O 120 9 0o 3 14 194 3 O
8 3 o 14 200 o O O O o o o 33 o 6 o0 3
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Table 7. Descriptive Statistics for Questions About Lead Knowledge.

Difference Within Each
Couple

Husbands Wives Husband-Wife
Std Std Std

Mean | Dev Mean | Dev Mean | Dev | Min | Max
Lead can be found throughout the
environment. (TRUE) 0.86/ 0.36 0.97| 0.17 -0.11] 0.40 -1.00, 1.00
Lead-based paint is rarely found in pre-
1978 housing. (FALSE) 0.71| 0.46 0.77| 0.43 -0.06/ 0.59| -1.00, 1.00
'Young children are less vulnerable to
lead poisoning. (FALSE) 0.80 0.41 0.91) 0.28 -0.11] 0.40| -1.00, 1.00
'Young children are more likely to come
into contact with lead if it is in their
environment. (TRUE) 0.69] 0.47, 0.83] 0.38 -0.14| 0.55] -1.00 1.00
Iron deficiency may increase
\vulnerability to lead poisoning. (TRUE) 0.29] 0.46 0.54| 0.51 -0.26| 0.61] -1.00[ 1.00
Children absorb and retain relatively
less lead than adults. (FALSE) 0.74| 0.44 0.66| 0.48 0.09] 0.56| -1.00] 1.00
Lead poisoning can decrease a person's
1Q. (TRUE) 0.80 0.41 0.80 0.41 0.00, 0.49] -1.00] 1.00
Lead poisoning can cause respiratory
problems. (TRUE) 0.71) 0.46 0.74 0.44 -0.03] 0.62] -1.00, 1.00
Lead can be found in the blood, brain,
and bones. (TRUE) 0.89] 0.32 0.91) 0.28 -0.03] 0.38/ -1.00, 1.00
Lead poisoning can lead to lower
school performance. (TRUE) 0.94 0.24 0.91] 0.28 0.03] 0.38 -1.00] 1.00
Lead does not contribute to
hyperactivity in children. (FALSE) 0.23] 0.43 0.40, 0.50 -0.17) 0.57| -1.00, 1.00
Lead dust can be found in windowsills
in houses that are contaminated.
(TRUE) 0.91) 0.28 0.91) 0.28 0.00f 0.24| -1.00f 1.00
Cleaning can help minimize lead dust.
(TRUE) 0.80 0.41 0.60] 0.50 0.20 0.63] -1.00] 1.00
Number of Correct Answers 9.37] 2.38 9.97] 2.15 -0.60] 2.75 -7.00, 4.00

*1=Question answered correctly; 0=Question answered incorrectly.
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Table 8. Variables Used in Regression Analyses.

Explanatory Variables

Definition

Non-White

0 = White; 1 = Non-White.

[Male 0 = Female; 1 = Male.

Age Age in Years (spouse variable as well).

Educational Difference |Husband's Age minus Wife's Age (with Absolute VValue option).

Education Years of Education (spouse variable as well).

Total Household Income in ($000). Constructed from the midpoint of respondent-selected income
Income intervals. Also used a dummy variable (1= Above median income)

Share of Household
Income

Respondent’s share (%) of household income. Constructed from the midpoint of
respondent-selected income intervals.

Children

Number of Children.

\Wife Employed

0 = Wife not employed; 1 = Wife Employed in household of the respondent.

\Wife Fulltime Job

0 = Wife does not work fulltime; 1 = Wife works fulltime in household of the
respondent

Interactions with
Income & Income
Shares

Wife Employed and Wife Fulltime Job Dummy interacted with Total Household
Income and Wife's Share of Income.

Index of Work
Commitment

Index of commitment to the work force generated from responses regarding
desires for staying at home, careers, and who should be the breadwinner. Values
range from 0 to 4 with higher values implying greater desired commitment to
work.

Previous Marriage

0 = No previous marriage; 1 = Married Previously.

IAge of Oldest Child

In years

Dyadic Scale of Marital
Adjustment

Total Score on the 32-item "Dyadic Adjustment Scale" to assess marital
adjustment. Possible range from 0 to 151, with higher numbers indicating better
adjustment

DA