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Abstract Correction for hypothetical bias using follow up certainty questions often takes
one of two forms: (1) two options, “definitely sure” and “probably sure”, or (2) a 10-point
scale with 10 very certain. While both have been successful in eliminating hypothetical bias
from estimates of WTP by calibrating based on the certainty of yes responses, little is known
about the relationship between the two. The purpose of this paper is to compare the two
using data from three field experiments in a private good, dichotomous choice format. We
compare four types of yes responses that differ in the criterion used to determine if there
is sufficient certainty for a hypothetical yes response to be considered a true yes response.
We make several comparisons, but focus on determining which values on the 10-point scale
give the same estimates of WTP as “definitely sure” hypothetical yeses and real yeses (actual
purchases). Values that produce equivalence are near 10 on the certainty scale.
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1 Introduction

Valuation of non-market goods is essential to making efficient individual and public deci-
sions. Undervaluation leads to missed opportunities for worthwhile investment or consump-
tion. Overvaluation leads to investment or consumption which costs too much in terms of
other valuable options. Behavior in implicit markets for non-market goods can yield useful
information such as compensating wage or housing price differences. Stated preferences
in constructed markets can yield useful information also in the form of contingent values.
Contingent valuation is useful for health, safety, and environmental goods for which markets,
implicit or explicit, do not exist. While a great deal of progress has been made with various
valuation approaches and collectively they offer much to decision makers, each valuation
approach has limitations. One limitation of contingent valuation, perhaps the most impor-
tant, is that hypothetical responses tend to overestimate real responses. Meta-analyses by List
and Gallet (2001), Little and Berrens (2004) and reviews by Harrison (2006) and Harrison
and Rutström (2008) suggest that contingent valuation tends to produce hypothetical bias in
the form of overestimation of actual (real) value.

Eliciting willingness to pay (WTP) values with confidence and without bias requires
mitigation of potential hypothetical bias.1 Mitigation efforts include ex ante countermea-
sures taken before elicitation, ex post countermeasures taken after elicitation, and in medias
res countermeasures taken during elicitation. Ex ante mitigation includes state of the art
survey design that incorporates reminders of closely-related goods, especially substitutes,
and reminders of the individual or household budget constraint, see Loomis et al. (1996)
and Whitehead and Cherry (2007). Ex ante cheap talk explicitly informs respondents that in
similar hypothetical situations people tend to say yes more than they would in real situations
and exhorts respondents to state what they would actually do. Cummings and Taylor (1999)
find that cheap talk works well for their four environmental goods, but Little and Berrens
(2004) meta analysis showed mixed success for cheap talk.

Ex post mitigation primarily has taken the form of determining how certain respondents
are that they would actually do what they say they would do. All respondents are asked a
contingent valuation question. After they state what they would do, they are asked a follow
up question to determine how certain they are. Only respondents who are sufficiently certain
that yes they would actually pay are counted as giving a yes response. This calibration tends
to remove any hypothetical bias in the initial elicitation. One way to determine if individuals
are sufficiently sure is to follow up and ask if they are “probably sure” or “definitely sure.”
Based on comparisons between hypothetical and real purchases decisions Blumenschein
et al. (1998, 2001, 2008) find that willingness to pay can be elicited without bias if only yes
responses by individuals who are “definitely sure” are considered true yes responses. Another
way to determine if individuals are sufficiently sure is to follow up and ask respondents to

1 Evidence that hypothetical bias is a problem in contingent valuation does not imply that all estimates of
WTP are biased upwards. Farmer and Lipscomb (2008), for example, illustrate how estimates can be biased
downwards by conservative responses. Their analysis depends on identifying different types of respondents
who have different incentives. To get unbiased estimates using follow up certainty statements what matters is
identifying respondents who will actually pay out of the group that says that they will pay.
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indicate how certain they are using a 10-point scale where ten is very certain. Champ et al.
(1997) and Champ and Bishop (2001) find that average WTP can be estimated without bias
if only yes responses with a certainty value greater than a critical value are considered true
yes responses.

Calibration using either type of follow up certainty questions is based on the idea that the
individual has a value for the good and compares the value to the price. For prices below the
value, the lower is the price the more certain the individual is about paying. For prices above
the value, the higher is the price the more certain the individual is about not paying. For prices
close to the value, the individual is less certain the closer is the price to the value. This idea
can be expanded to allow for the individual to have a range or distribution of values for the
good, see for example, Ready et al. (1995). When the price falls below or at the lower end of
the distribution of values, the individual is likely to be definitely sure or very certain about
paying. When the price falls above or at the upper end of the distribution, the individual is
likely to be definitely sure or very certain about not paying. When the price falls in between,
the respondent is less certain about the decision with certainty of payment varying inversely
with price.2

In medias res mitigation incorporates the degree of certainty into elicitation. The “don’t
know” option recommended by the NOAA panel (Arrow et al. 1993) can be interpreted as
incorporating certainty into elicitation. Wang (1997) uses don’t know responses to estimate
a value distribution function. Johannesson et al. (1993) and Ready et al. (1995) incorporate
several levels of certainty with polychotomous choice contingent valuation. Multiple-bounded
discrete choice (MBDC) incorporates the uncertainty extensively by integrating certainty into
a payment card. For example, Vossler et al. (2003) present to the individual a two-dimensional
matrix with several dollar amounts (prices or bids) and several levels of certainty at each price.
The five levels of certainty are definitely no, probably no, not sure, probably yes, and defini-
tely yes. It is polychotomous choice at various prices in the format of a payment card. They
use multiple bounded logit to estimate separate willingness to pay (WTP) distributions for
each level of certainty. WTP for the definitely yes is lower than WTP which includes the
probably yes which, in turn, is lower than the WTP which includes the not sure. They find
the best match between hypothetical and real behavior when counting probably yes as the
threshold level of certainty.3

Evans et al. (2003) draw on cognitive research that indicates that verbal probability
statements convey subjective probabilities. They use a payment card that has dollar amounts
and the five qualitative categories and assign probabilities of yes to each category. Estimates
from their base case (definitely no 0, 0.15, 0.50, 0.75, and 1 definitely yes) are compared
to estimates from a Definitely Yes Model (0, 0, 0, 0, 1) and estimates from models based
on other assignments of probabilities. Berrens et al. (2002) use a 0–10 scale to elicit how
likely the individual would be to pay the stated amount and treat the response as a subjective
probability; the scale value divided by 10 is the probability. They compare estimates based on

2 The idea that individuals who are uncertain will be conservative has been applied to explaining part of
the difference between willingness to pay and willingness to accept regarding risks to health and safety. See
Dubourg et al. (1994).
3 Vossler and McKee (2006) compare elicitation formats including dichotomous choice with follow up
certainty statements and MBDC payment cards for hypothetical bias. Their study is related but different from
the current study. One difference is that they allow “probably” yes responses to count as true yes responses
sometimes instead of only “definitely.” A more fundamental difference is that in the induced-value experiments,
values are assigned to subjects as part of the experimental design. The current study allows for preference
uncertainty and estimates individuals’ values for the goods.
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incorporating the 0–10 into the value elicitation question directly and using it as a follow-up
question to dichotomous choice.4

Regardless of whether the elicited certainty is interpreted as a subjective probability or not,
individuals who are more certain of their stated responses have a better match between stated
intentions in contingent valuation and real behavior. In addition, and perhaps not surprisingly,
individuals who are more certain of their stated responses give more internally valid responses.
For example, Blumenschein et al. (2008) compare logit regressions of hypothetical purchase
decisions for a diabetes management program for two subsamples: (1) when the definitely
sure yes responses are excluded and only the probably sure yes responses and no responses are
included and (2) when the probably sure yes responses are excluded and only the definitely
sure and no responses are included. The second subsample with the definitely sure yes
responses is explained better in that the Chi-squared value, percentage of correct predictions,
and McFadden’s R-squared are all much higher than for the subsample with the probably sure
yes responses included. In addition, the coefficient on price is negative and highly significant
in the subsample with the definitely sure responses while the coefficient on price is not
statistically significant at conventional levels in the subsample with the probably sure yes
responses.

Another example of more internally valid responses is the Watson and Ryan (2007) study
of willingness to pay for air ambulance services in which values are elicited using double-
bounded dichotomous choice. Respondent certainty is determined by a follow up certainty
scale.5 Their analysis focuses on anomalies in terms of internal validity. A key finding is that
individuals who are very certain exhibit few anomalies such as starting point bias compared
to individuals who are less certain.

Ex post mitigation of hypothetical bias using follow up certainty questions has produ-
ced promising results in which stated hypothetical intentions match real behavior. Two
oft-used ways in which follow up certainty questions have been asked are: (1) using two
options, definitely sure and probably sure, and (2) using a 10-point scale with 10 very cer-
tain. While both have been successful in eliminating hypothetical bias from estimates of
WTP, little is known about the relationship between the two.6 The purpose of this paper
is to compare these two ways of asking follow-up certainty questions. The data are from
three field experiments, the first offered a diabetes management program, the second offe-
red an asthma management program, and the third offered a lipid management program.
In each experiment the good was offered hypothetically in contingent valuation and for
real, i.e., actual purchases. By (split sample) design in the diabetes and asthma experi-
ments, individuals were offered the good either hypothetically or for real purchase. In the
lipid experiment, approximately half of the individuals were offered the good hypotheti-
cally in contingent valuation and then for real purchase and the other half was only offered
the good for real purchase. We make several comparisons, but the focus is on determining
which values on the 10-point scale give the same estimates of WTP as definitely sure. We

4 Li and Mattsson (1995) ask a follow up question using a 0–100% certain scale and interpret it as a probability.
5 Watson and Ryan (2007) ask a follow-up certainty question using a 1–5 scale where 5 is very certain. As
mentioned above, the 0–100 scale has also been used to elicit the probability of paying.
6 Svensson (2000) notes that rating scales have been used for many years in many contexts. Her results from
nonparametric tests for consistency for a verbal descriptor scale, a graphic rating scale, and a visual analog
scale can be interpreted as relevant to our comparison. She finds that the verbal descriptor scale similar to
probably sure/definitely sure is best and slightly better than the graphic rating scale similar to the 10-point
certainty scale. Both are superior to the visual analog scale. However, the matches between her scales and
the two certainty scales compared in this paper are loose enough and the subject matter is different enough to
make closer comparisons worthwhile.
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also determine which values on the 10-point scale give the same estimates of WTP as the
real purchases. We find that the values that produce equivalence are always near 10 on the
certainty scale.

2 Types of Hypothetical Yes Responses in Contingent Valuation—What is True?

We make comparisons for four types of yes responses in contingent valuation. We choose
four types that have generated interest in eliciting WTP without bias. They differ in how they
determine the subset of hypothetical yes responses that are presumably true yes responses.

2.1 Definitely Sure

The first type is based on the follow up certainty question that offers two options: “definitely
sure” and “probably sure.” In contingent valuation if the respondent answers yes and is
definitely sure, then the response is considered a true yes. If the respondent answers yes and
probably sure or answers no, then the response is considered a true no. It is possible that
certainty matters for no responses, but in two previous experiments and the lipid experiment
reported in this paper a respondent who says no and then actually makes a purchase when
offered the real choice has not been observed.7

2.2 Comparison to a Critical Value Based on Our Estimated Statistical Bias Function

The second type is based on calibration using a statistical bias function. Johannesson et al.
(1999) estimate a statistical bias function based on experiments for two goods. Individuals
were first offered the good hypothetically and then the same individuals were offered the goods
for real. This sequence allows for within sample comparisons, i.e., for the same individuals.
For all individuals who said yes in the contingent market, the probability of a hypothetical yes
matching a real yes was estimated using the individual’s self-assessed certainty as measured
on a ten point scale and a variable representing the price of the good. The probability that a
hypothetical yes was followed by a real yes was estimated. It was found that the probability
increased with certainty and with the proportion of yes responses (representing lower price.)
The statistical bias function was then used to calibrate hypothetical yes responses. If the stated
certainty value was greater than the critical value based on the calibration function, then the
hypothetical yes was counted as a true yes. If the stated certainty value was less than the critical
value, then the hypothetical yes was considered a true no. Without calibration hypothetical
bias was found, but after calibration there was no statistically significant difference between
hypothetical and real responses.

7 Johannesson et al. (1999) report results from two experiments in which subjects were first offered a good
hypothetically in contingent valuation and then offered it for real purchase. Fifty-nine subjects from one
experiment and 114 from the other experiment said no in contingent valuation. None of those subjects made a
real purchase when it was offered. In the lipid management field experiment that will be described below, 39
subjects said no in contingent valuation and then were offered the real opportunity to purchase. None made
the real purchase when offered. In total, none of the 212 hypothetical no responses were followed by a real
purchase. In our experiments a hypothetical no, regardless of certainty, means a real no. This result is broadly
consistent with Loomis and Ekstrand (1998) who find that calibration of only yes responses for certainty
produces better fit of WTP logit regressions than recoding both yes and no responses. (Berrens et al. 2002,
p. 158) also find a “yes means maybe and no means no” pattern.
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In this paper we update the statistical bias function from Johannesson et al. (1999) by
adding the 19 observations available from the lipid management program field experiment
reported in this paper to the 99 observations from the chocolates and sunglasses experiments
used in Johannesson et al. (1999) and reestimating the statistical bias function. Using the
same parsimonious specification for the sample of 118 respondents who stated yes in the
contingent valuation part of the experiment, we estimated the following probit regression:

real yes/no = −4.635 + 0.530 certainty scale value + 1.869 proportion yes
(0.818) (0.091) (0.617)

(1)

where standard errors are shown in parentheses and the constant and both coefficients are
statistically significant at the 1% level.8 The Chi-squared value equals 78.76 and is statistically
significant at the 1% level. The McFadden’s R-squared is 0.5211.

This updated statistical bias function is used to determine if a hypothetical yes is a true yes
by comparing the calculated value for an individual to the critical value for the price that the
individual faced. For example, for the diabetes management program, the critical value for
an individual who was offered the program at a price of $80 (which had a proportion yes of
0.17), the critical value on the certainty scale is 8.15. A respondent who gave a certainty scale
value of 10 would be considered to have given a true yes. If that respondent had been less
certain and given a value of 5, then the answer would be considered a no. For all respondents
who say yes in contingent valuation, the statistical bias function is used to determine if the
yes should be considered a true yes.

2.3 Comparison to a Critical Value Based on Representative Studies: Eight or Greater

The third type of yes is based on a follow-up certainty question that offers a 10-point certainty
scale. If the respondent answers yes and indicates a certainty value that is high enough on the
10-point scale, then the response is considered a true yes. The crucial decision concerns the
critical value. With the statistical bias function, the second type of yes, the critical certainty
value was determined by within sample comparisons between hypothetical yes responses
and real decisions. For this third type of yes, the critical value is determined by the value that
produces a good match between hypothetical and real decisions in studies by others. Field
experiments for environmental goods by Champ et al. (1997) and Champ and Bishop (2001)
find a good match between hypothetical and real donations for respondents who report that
they are certain with value of at least 8 on the 10-point scale. Not all studies find exactly
this result, but we believe it characterizes the studies that use the 10-point scale.9 For now, a
respondent who answers yes in contingent valuation and gives a value of 8 or greater will be
considered to have given a true yes response. While we believe a value of at least 8 represents
the spirit of using the 10-point scale for calibration, a critical value other than eight can be
used. In fact, in Sect. 8 below we make comparisons for all values on the 10-point scale.

8 The field experiment for the lipid management program was the only one of the three experiments that we
consider in this paper that had respondents who sequentially were offered the good hypothetically and then for
real. Therefore only the additional observations from the lipid experiment allow for within sample comparison.

We tried several specifications for the statistical bias function, but we kept the same specification as in our
earlier study for ease of comparison and because no other specifications were obviously better than the simple
specification based on standard criteria.
9 For example, Poe et al. (2002) find the best match between hypothetical and real for certainty scale values
greater than or equal to 7 or 8 depending on the criteria.
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2.4 All Yeses

In contrast to the first three types of yes responses which are subsamples of hypothetical yes
responses, the last type of yes response includes all hypothetical yes responses. This type of
yes response is influenced by the quality of the contingent valuation study. It is influenced
by ex ante mitigation measures such as reminders of related goods and the personal budget
constraint and elicitation format. However, unlike the first three types of yes, it is not calibrated
in an attempt to identify true yes responses.10

Before comparing results using these four types of hypothetical yes responses, we first
describe briefly the three field experiments.

3 Three Field Experiments and Certainty of the Hypothetical Responses

We conducted three separate field experiments with three different goods. In each experiment
a good was offered for hypothetical purchase and for real purchase. In the first two experi-
ments, subjects were offered the good either hypothetically or for real, i.e., a split-sample
design. In the third experiment, approximately half of the subjects were offered the good
hypothetically and then for real, i.e., within-sample design, and the other half were offered
the good for real only. Face-to-face interviews were used, and the subjects were asked to value
a non-trivial, private good that was not available on the market. The good was described in
detail and the description was read aloud by the interviewer while the subject followed along
on a written description. The elicitation format was dichotomous choice with two options,
“yes” and “no”. The dichotomous choice contingent valuation question was followed by a
question in which the subjects were asked to state how certain they were of their answers.
This question appeared on the page following the willingness to pay question and was worded
as follows:11

If you answered YES, are you “probably sure” or “definitely sure” that you would buy
the diabetes management service here and now at a price of $40? Please circle your
answer below.

(A similar question was asked for subjects who answered no.) This definitely sure/probably
sure question was followed by a question that asked subjects to state how certain they were
on a 10-point visual analog scale. This question was worded as follows:

If you answered YES, mark with an “x” on the line below how sure you are that you
would buy the diabetes management service here and now at a price of $40.

10 Other types of hypothetical yes responses could be defined with more data. In elicitation Evans et al.
(2003) include “not sure” and Ready et al. (1995) include “maybe yes” as less certain than “probably yes”
and “maybe no” as being less certain of no than “probably no”. Follow up questions could be made using the
same categories. Ready et al. (2001) find that responses from dichotomous choice and payment card formats
for valuing changes in health converge for respondents who are certain. If incorporating certainty in the value
elicitation and asking certainty in a follow up question have the same effect, then based on our previous
studies we would expect that “definitely yes” is a true yes and all others are true no responses, see for example
Blumenschein et al. (2008). Because we included only definitely sure and probably sure in follow up questions
we leave tests for other types of yeses for future work.
11 The price of $40 is shown as an example. Each subject was offered the good at only one price as is the
practice in dichotomous choice contingent valuation. The price was varied across individuals so as to be able
to estimate demand curves for the goods.
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______________________________________________________________
0 1 2 3 4 5 6 7 8 9 10
Very unsure Very sure

A similar question was asked for subjects who answered no. Both the definitely
sure/probably sure and 10-point follow up certainty questions were asked of the same subjects.
Because certainty was elicited in these two ways, we are able to compare the four different
types of hypothetical yes responses. We can compare the three types of calibrated, “true”
responses and compare them to all hypothetical (uncalibrated) yes responses.12

Three pharmacist-provided health management programs were offered in the field experi-
ments. Diabetics were offered a diabetes management program through their local pharmacy
in one experiment. Asthmatics were offered an asthma management program in a second,
separate experiment. Individuals with heart and blood pressure problems were offered a
lipid management program in a third, separate experiment. In each experiment, subjects
were recruited from prescription patient lists at the participating pharmacies and the disease
management programs were offered through a number of pharmacies in Kentucky.

All three studies used focus groups in development of the survey instrument and experi-
mental protocol and all three were approved by the University of Kentucky Medical Insti-
tutional Review Board. Subjects were paid $25 for participating in the diabetes and asthma
experiments and $20 for the lipid experiment. For the diabetes experiment, we use a sample
of 181 subjects with 91 offered the program hypothetically and 90 for real at prices of $15,
$40, and $80. They were interviewed during the period May 1 to July 23, 2003. For the
asthma experiment, we use the entire sample of 172 subjects who were offered the pro-
gram at prices of $15, $40, and $80 during the period October 1–November 19, 1999. For
the lipid experiment, we use the entire sample of 114 who were offered the program at
prices of $15 and $60 and were interviewed during the period November 5–December 21,
2000.13

Before making comparisons among the various types of yes responses, it is worth reporting
how certain the subjects are about their responses. We focus only on the hypothetical yes
responses because, as described above, a subject who responded with a hypothetical no and
then made a real purchase has not been observed in the three experiments.

For the diabetes experiment, 53.7% (46.3%) of the hypothetical yes respondents are defini-
tely (probably) sure. Figure 1a shows the distribution of certainty scale values for hypothetical
yes respondents. More than half (53.7%) of the hypothetical yes respondents have a certainty
scale value of 10. Figure 1b shows the distributions of certainty scale values for hypothetical
yes respondents who are probably sure and definitely sure. As expected, definitely sure yes
responses have certainty scale values closer to 10 than the probably sure. The mean certainty
scale value for definitely sure is 9.73 (standard deviation = 0.77) while the mean for the
probably sure is only 7.47 (standard deviation = 2.37). The Spearman correlation between
definitely sure (=1) and the certainty scale value is 0.683.

12 Champ et al. (1997) and Champ and Bishop (2001) use a 1–10 scale. We have been using a 0–10 scale
because it is easy to mark the midpoint of 5. Solving the equation y = −(10/9) + (10/9)x for when y = 8
yields that the value of 8 on the 0–10 scale is comparable to 8.2 on the 1–10 scale. For comparison of this
calibration to others, we think the difference seems inconsequential.
13 In this study we use 181 of the 267 subjects used in Blumenschein et al. (2008) which contains a full
description of the diabetes experiment. In this study we do not include the 86 subjects who were read a cheap
talk script in contingent valuation and included in the earlier study. Additional information about the asthma
experiment is reported in Blumenschein et al. (2001). Additional information about the lipid experiment can
be found in the Blumenschein and Johannesson (2001) report that is available upon request.
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Histogram of Scale Values for Yes Responses - Diabetes
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Fig. 1 a Distribution of certainty scale values for hypothetical yes responses, diabetes. b Distribution of
certainty scale values for definitely sure and probably sure hypothetical yes responses, diabetes

For the asthma experiment, 35.5% (62.5%) of the hypothetical yes respondents are defini-
tely (probably) sure. Figure 2a shows the distribution of certainty scale values for hypothetical
yes respondents. Many (75.0%) of the hypothetical yes respondents have a certainty scale
value of 10. Figure 2b shows the distributions of certainty scale values for hypothetical yes
respondents who are probably sure and definitely sure. While only 35.5% were definitely
sure, the mean certainty scale value for the definitely sure is 9.50 (standard deviation = 0.77)
which is greater than the 6.50 (standard deviation = 2.54) for the probably sure. The Spear-
man correlation between definitely sure (=1) and the certainty scale value is 0.667.

For the lipid experiment, 79.0% (21.0%) of the hypothetical yes respondents are definitely
(probably) sure. Figure 3a shows the distribution of certainty scale values for hypothetical yes
respondents. Nearly all (93.3%) of the hypothetical yes respondents have a certainty scale
value of 10. Figure 3b shows the distributions of certainty scale values for hypothetical yes
respondents who are probably sure and definitely sure. The mean certainty scale value for
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Histogram of Scale Values for Yes Responses - Asthma
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Fig. 2 a Distribution of certainty scale values for hypothetical yes responses, asthma. b Distribution of
certainty scale values for definitely sure and probably sure hypothetical yes responses, asthma

definitely sure of 9.93 (standard deviation = 0.26) is much greater than the 4.75 (standard
deviation = 3.30) for the probably sure. The Spearman correlation between definitely sure
(=1) and the certainty scale value is 0.912.

For all three disease management programs there is variation in the degree of certainty
respondents express regarding how sure they are they would actually make the purchase. For
all three programs at least half of the respondents who said yes in contingent valuation give
a certainty scale value of 10. The mean scale value for respondents who are definitely sure
is greater than the mean for those who are only probably sure, and the correlation between
definitely sure and the certainty scale value is at least 0.6.

Given the variation in certainty of hypothetical yes responses, data from these three field
experiments facilitate comparisons of the three types of hypothetical yes responses that are
calibrated to be true yes responses and also comparison to all hypothetical yes responses. We
make a number of comparisons for each of the three field experiments. First, we compare
observable subject characteristics. Second, we compare the percentage of yes respondents, the
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Histogram of Scale Values for Yes Responses - Lipid
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Fig. 3 a Distribution of certainty scale values for hypothetical yes responses, lipid. b Distribution of certainty
scale values for definitely sure and probably sure hypothetical yes responses, lipid

performance of the dummy variable Hypothetical in logit regressions of all yes responses,
and the mean WTP. Third, we report our estimate of the value on the 10-point scale that
produces the same calibrated mean WTP as definitely sure, and we report our estimate of
the value on the 10-point scale that produces the same calibrated mean WTP as mean WTP
from real purchases.

4 Differences in Observable Characteristics of Subjects

Champ and Bishop (2001) find that when hypothetical and real donations to generating
electricity using wind power are compared, a cutoff value of 8 on the 10-point scale yielded
a mean WTP that was indistinguishable from the mean of real payments. They report that,
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in addition, respondents who are willing to pay and have certainty scale value of at least 8
are similar across a range of measures including attitudes, experience, and demographics.
They attach importance to this result because it is an indication that the follow up certainty
calibration works to separate individuals who will really pay from individuals who just say
they will.

We compare observable characteristics of subjects for each of the three health goods.
Table 1 shows the means of background characteristics for the diabetes management program.
Means are shown for the four types of hypothetical yes responses: (1) calibrated with definitely
sure, (2) calibrated with the statistical bias function, (3) calibrated with 8 or greater on the
10-point certainty scale, and (4) all hypothetical yes responses. Also shown are the means for
subjects who actually made real purchases. This last group is not the same as the experimental
group that was offered the program for real because some of those subjects declined. Table 2
shows the means of background characteristics for subjects who said yes for the asthma
management program and Table 3 gives similar information for subjects who said yes for
the lipid management program. While there are some differences in the means of some of
these characteristics, what is not clear is any pattern among the four types of hypothetical
yeses. One might expect the all yes means to be different from the calibrated means, but
differences are not striking. Champ and Bishop (2001) have several variables that measure
attitudes towards the environment. We do not have similar attitudinal variables for health and
that may account for the difference in our findings about respondent characteristics.

5 Differences in Percentages of Yes Responses

Another way to compare the four types of yes responses to hypothetical purchase questions
is to compare the percentages who say yes. This comparison can show how much difference
the calibrations make. Yes responses for the diabetes management program are shown in
Table 4. For the hypothetical yeses, the percentage yes tends to increase as we move from
left to right. For example, at the price of $15 the percentage rises from 35% for definitely
sure, to 58% for the statistical bias function and 55% for 8 or greater on the certainty scale,
to 71% for all hypothetical yeses. For all three prices combined, the yeses rise from 24% for
definitely sure, to 36% for the statistical bias function and for 8 or greater on the certainty
scale, to 45% for all yeses. There is no indication of statistically significant bias for any of
the three calibrated yeses, but there is hypothetical bias for all (uncalibrated) yeses at the 5%
level.

Yes responses for the asthma management program shown in Table 4. For the hypothetical
responses, the percentage yes again tends to rise as we move from left to right. For example,
at the price of $40 the percentage rises from 9% for the three calibrated yeses to 29% for
all yeses. For all three prices combined, the yeses rise from 14% for the definitely sure, to
23% for both the statistical bias function and 8 or greater on the certainty scale, to 38% for
all yeses. There is no statistically significant hypothetical bias for the yeses calibrated by
definitely sure. There is weak evidence of hypothetical bias for calibration by the statistical
bias function and 8 or greater on the certainty scale at the 10% level. There is strong evidence
of hypothetical bias for all yeses at the 1% level.

Yes responses for the lipid management program are shown in Table 4. Again for the
hypothetical responses, the percentage tends to rise as we move from left to right. For both
prices combined, the yeses rise from 26% for definitely sure, to 28% for the statistical bias
function and 8 or greater on the certainty scale, to 32% for all yeses. While the pattern is
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Table 1 Comparison of background characteristics of respondents who stated yes to purchasea-Diabetes
management program

Real Hypotheticalb

Yeses
(n = 23)

Definitely sure
yeses (n = 22)

Function yeses
(n = 33)

Certain 8 yeses
(n = 33)

All yeses
(n = 41)

Income and wealth

Annual household
income ($1,000)

32.62
(23.67)

40.12
(25.68)

39.06
(26.13)

38.75
(26.36)

35.94
(26.19)

Household size 2.04
(1.22)

2.55
(1.22)

2.63*
(1.32)

2.67*
(1.29)

2.61*
(1.26)

Owns residence (%) 86.96 95.45 90.91 90.91 90.24

Health and health behavior

Previous participation
in disease

17.39 9.10 9.10 12.12 9.77

management (%)

Member of diabetes
support group (%)

8.70 4.55 6.10 6.06 4.88

Time with diabetes
(years)

7.87
(7.09)

7.25
(6.40)

7.54
(6.39)

7.70
(6.27)

7.63
(5.81)

Diabetes severity

Mild (%) 21.74 18.18 18.18 15.15 19.51

Moderate (%) 69.56 63.63 66.67 66.67 63.41

Severe (%) 8.70 18.18 15.15 18.18 17.07

Cardiovascular
disease (%)

86.70 86.36 81.82 84.85 85.37

Renal disease (%) 8.70 4.55 3.03 3.03 2.44

Vision problems (%) 30.43 22.73 27.27 30.30 29.27

Neuropathies (%) 60.87 68.18 57.58 57.58 58.54

Complications of
diabetes in family
(%)

43.48 63.64 60.61 60.61 60.98

Smoking (%) 30.43 13.64 12.12* 15.15 14.63

Body mass index 36.63
(8.35)

31.54**
(7.83)

31.66**
(7.05)

31.91**
(7.08)

32.45**
(6.97)

Know their
hemoglobin A1C
level (%)

30.43 22.73 21.21 24.24 21.95

General health

Excellent (%) 4.35 0 0 0 0

Very good (%) 4.35 18.18 15.15 15.15 12.20

Good (%) 21.74 36.36 36.36 36.36 39.02

Fair (%) 39.13 40.91 45.45 45.45 41.46

Poor (%) 30.43 4.55** 3.03*** 3.03*** 7.32**

Socioeconomics

Age (years) 57.87
(10.91)

60.32
(12.70)

60.12
(13.15)

60.72
(11.88)

59.39
(12.63)

Women (%) 65.22 63.64 69.70 69.70 70.73

Education (years) 10.70
(4.26)

12.25
(2.75)

12.26
(2.92)

12.09
(2.77)

12.26*
(2.77)

Ethnic background
white (%)

86.96 90.91 93.94 93.94 90.24
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Table 1 continued

Real Hypotheticalb

Yeses
(n = 23)

Definitely sure
yeses (n = 22)

Function yeses
(n = 33)

Certain 8 yeses
(n = 33)

All yeses
(n = 41)

Time cost

Travel time to
pharmacy (min)

13.33
(10.05)

12.63
(4.61)

13.18
(5.29)

13.55
(4.97)

13.31
(5.61)

a Means (standard deviations in parentheses)
b The asterisks *, **, *** indicate different from responses in the real group at the 10%, 5%, and 1% level of
significance, respectively

similar to that for diabetes and asthma programs, there is no statistically significant indication
of hypothetical bias.

For the three experiments, the overall pattern of yes responses is clear. For the hypothetical
responses, the percentage yes tends to increase as we move from calibration by definitely
sure to the statistical bias function and 8 or greater on the certainty scale to all yeses. There is
evidence of hypothetical bias for the diabetes management and asthma management programs
but not the lipid program. All three calibrations remove the hypothetical bias for both the
diabetes and asthma management programs if the 5% level of statistical significance is used.
There is weak evidence that the statistical bias function and the 8 or greater on the certainty
scale calibrations do not eliminate hypothetical bias for the asthma management program
if the 10% level of significance is used. Using definitely sure to identify true yes responses
produces a set of yeses that give no indication of hypothetical bias at any of the usual levels
of statistical significance.

6 Differences in How the Hypothetical Variable Performs in Logit Regressions

In Sect. 4 above the differences in observable characteristics of subjects in the field experi-
ments were examined by type of hypothetical yes response. Although no striking differences
or obvious patterns emerged, subtle differences may be influencing the comparisons of per-
centages of yes responses just described in the previous section, Sect. 5. If any differences
are important, we should be able to detect them with logit regressions of all hypothetical and
real responses in which we use the observable characteristics as explanatory variables. The
variable of interest is a dummy variable (Hypothetical) that takes on a value of 1 if the indi-
vidual is in the experimental group offered the disease management program hypothetically
in contingent valuation or the value of 0 if the individual is in the experimental group that
was offered the program for real purchase.

Table 5 reports logit regression results for the diabetes management program. In addition
to the Hypothetical variable, and variables for price and household income, there are 23
control variables. They include characteristics such as education, age, time with diabetes,
and measures of health status. The Hypothetical variable always represents the hypothetical
group, but what is counted as a true hypothetical yes changes as we move from left to
right across the table. All (uncalibrated) hypothetical yeses are counted as yes in the first
column of results. The next column to the right considers only definitely sure yeses as true
yeses. The next column to the right calibrates yeses by the statistical bias function and
the right-most column calibrates yeses by 8 or greater on the certainty scale. The positive
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Table 4 Number (%) of yes responses. Four definitions of yes for the hypothetical group

Real Hypothetical

Price Real Yes only if Yes only if yes Yes only if yes All yeses
yeses definitely sure yes and predicted yes by and 8 or greater on

statistical bias function Certainty Scale

Number Number p-valuea Number p-valuea Number p-valuea Number p-valuea

(%) (%) (%) (%) (%)

Diabetes management program

$15 13/29 (45) 11/31 (35) 0.460 18/31 (58) 0.305 17/31 (55) 0.438 22/31 (71) 0.040

$40 7/30 (23) 11/34 (32) 0.423 13/34 (38) 0.199 13/34 (38) 0.199 14/34 (41) 0.129

$80 3/31 (10) 0/26 (0) 0.103 2/26 (8) 0.792 3/26 (12) 0.820 5/26 (19) 0.301

All 23/90 (26) 22/91 (24) 0.830 33/91 (36) 0.119 33/91 (36) 0.119 41/91 (45) 0.006

Asthma management group

$15 6/37 (16) 9/32 (28) 0.232 14/32 (44) 0.012 13/32 (40) 0.024 19/32 (59) 0.000

$40 5/36 (14) 3/34 (9) 0.506 3/34 (9) 0.506 3/34 (9) 0.506 10/34 (29) 0.114

$80 0/16 (0) 0/18 (0) − 2/18 (11) 0.169 3/18 (17) 0.087 3/18 (17) 0.087

All 11/89 (12) 12/84 (14) 0.709 19/84 (23) 0.075 19/84 (23) 0.075 32/84 (38) 0.000

Lipid management program

$15 8/28 (29) 12/27 (44) 0.221 13/27 (48) 0.135 13/27 (48) 0.135 15/27 (56) 0.043

$60 6/28 (21) 3/31 (10) 0.210 3/31 (10) 0.210 3/31 (10) 0.210 4/31 (13) 0.383

All 14/56 (25) 15/58 (26) 0.916 16/58 (28) 0.754 16/58 (28) 0.754 19/58 (32) 0.361

a p-value of the difference compared to the yes responses in the real group

and significant coefficient on Hypothetical indicates hypothetical bias in uncalibrated yeses.
All three calibrations remove indications of statistically significant hypothetical bias. The
coefficient on price is negative and statistically significant in all regressions.

The logit regression results for the asthma management program are reported in Table 5.
In addition to the Hypothetical variable and variables for price and household income, there
are six control variables. The positive and statistically significant coefficient on Hypothetical
indicates hypothetical bias in uncalibrated yeses. All three calibrations remove evidence of
hypothetical bias if the criterion is the 5% level of significance. There is weak evidence that
the statistical bias function and 8 or greater on the certainty scale calibrations do not remove
hypothetical bias if the criterion is the 10% level of significance. The coefficient on price is
negative and statistically significant in all regressions.

The logit regressions for the lipid management program are shown in Table 5. In addition
to the Hypothetical variable and variables for price, and household income, there are seven
individual characteristics that are used as control variables. The Hypothetical variable is
positive, but not statistically different from zero for all yeses and all three calibrated yeses.
The point estimate is greatest for all yeses and smallest for definitely sure, but none is
statistically significant.

For the three experiments, overall comparisons of the Hypothetical dummy variable in
logit regressions that control for characteristics of the subjects mimic the comparisons of the
percentage yes responses. There is evidence of hypothetical bias for the diabetes management
and asthma management programs. Definitely sure, statistical bias function, and 8 or greater
on the certainty scale calibrations remove the hypothetical bias in both diabetes and asthma
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management programs if the 5% level of statistical significance is used. There is weak
evidence that the statistical bias function and the 8 or greater on the certainty scale calibrations
do not eliminate hypothetical bias for the asthma management program if the 10% level of
significance is used. Using definitely sure to identify true yes responses produces a set of
yeses that give no indication of hypothetical bias at any of the usual levels of statistical
significance.

7 Differences in Estimates of Average Willingness to Pay

Given the interest in using estimates of WTP in benefit-cost analysis, comparison of estimates
of average WTP is the crux of the matter. We compare mean WTP for all hypothetical yeses
and each of the three calibrated hypothetical yes responses. We also compare the estimates to
the mean WTP of real purchases to check for hypothetical bias. We make these comparisons
for each of the three disease management programs using both nonparametric and parametric
methods.

For the nonparametric estimates of WTP we use a method developed by Kriström (1990)
in which the area under the demand curve (price and fraction of buyers) is an estimate of
the mean. For each experiment, we assume that the maximum WTP equals the highest price
(either $60 or $80) used in the experiment and that the proportion of subjects with zero
WTP equals the proportion of responses at the lowest price ($15) used in the experiment.
For the parametric estimates of WTP, we use a method developed by Johansson (1995) that
restricts the value to be positive which is appropriate for these private disease management
programs that do not have to be consumed. The estimation of mean willingness to pay is
based on estimating the area below the demand curve using the formula: −(1/β)ln(1+ eα),
where β is the price coefficient in the logistic regression equation and α is the constant in the
logistic regression equation with the effect of all other covariates evaluated at their means and
added to the constant. The results, while not identical, are similar for the nonparametric and
parametric methods, and so our discussion will focus on the parametric estimates of mean
WTP.

Estimates of mean WTP for the diabetes management program for the different types of
yes responses are reported in Table 6. As we read down the column for the different types
of yeses, the mean WTP tends to increase. For the parametric estimates, the mean increases
from $17.36 for the definitely sure yeses, to $28.72 and $28.64 for the yeses calibrated by the
statistical bias function and 8 or greater on the certainty scale, to $38.90 for all hypothetical
(uncalibrated) yeses. There is no evidence of hypothetical bias for the calibrated yeses, but
there is evidence at the 5% level for all hypothetical yeses.

Estimates of mean WTP for the asthma management program for the different types of
yeses are shown in Table 6. Again as we read down the column for the different types of
yeses, the mean WTP increases. For the parametric estimates, the mean increases from $9.69
for the definitely sure, to $17.37 for the statistical bias function, to $19.03 for the 8 or greater
on the certainty scale, to $33.24 for all yeses. There is no evidence of hypothetical bias for
the definitely sure yeses. There is evidence of hypothetical bias at the 10% level for yeses
calibrated by the statistical bias function and it is close to the 10% level for 8 or greater.
There is evidence at the 5% level for all yeses.

For the lipid management program estimates of mean WTP for the different types of yeses
are reported in Table 6. As with the other two goods, as we read down the column for the
different types of yeses, the estimate of mean WTP tends to increase. For the parametric esti-
mates, the mean WTP increases from $21.76 for definitely sure, to $22.65 for the calibration
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Table 6 Willingness to pay (dollars). Four definitions of yes for the hypothetical yes groupa

Non-parametric methodb Parametric methodc

Diabetes management program

Real Mean 21.85 19.78

(Standard error) (3.77) (4.30)

Definitely sure yes Mean 20.27 17.36

(Standard error) (3.60) (3.88)

p-value 0.767 0.840

(Diff. 95% conf. int.) (−11.95 to 8.81) (−11.94 to 9.71)

Statistical bias function yes Mean 29.93 28.72

(Standard error) (3.73) (4.66)

p-value 0.134 0.229

(Diff. 95% conf. int.) (−2.53 to 18.70) (−4.88 to 20.39)

Certainty scale ≥ 8 yes Mean 29.81 28.64

(Standard error) (3.81) (4.84)

p-value 0.144 0.273

(Diff. 95% conf. int.) (−2.42 to 18.36) (−5.19 to 20.96)

All yeses Mean 36.74 38.90

(Standard error) (3.81) (5.35)

p-value 0.006 0.007

(Diff. 95% conf. int.) (4.27–25.52) (5.33–32.92)
Asthma management program

Real Mean 8.97 10.27

(Standard error) (2.54) (3.02)

Definitely sure yes Mean 10.60 9.69

(Standard error) (2.62) (2.90)

p-value 0.662 0.985

(Diff. 95% conf. int.). (−5.58 to 8.84) (−7.58 to 7.73)

Statistical bias function yes Mean 17.08 17.37

(Standard error) (3.32) (4.18)

p-value 0.058 0.098

(Diff. 95% conf. int.) (0.10–16.10) (−1.47 to 17.41)

Certain 8 yes Mean 17.23 19.03

(Standard error) (3.41) (5.23)

p-value 0.056 0.106

(Diff. 95% conf. int.) (−0.23 to 16.74) (−1.87 to 19.65)

All yeses Mean 29.22 33.24

(Standard error) (4.04) (6.14)

p-value 0.000 0.000

(Diff. 95% conf. int.) (11.50–28.99) (10.27–35.67)
Lipid management program

Real Mean 15.53 20.41

(Standard error) (3.54) (5.88)
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Table 6 continued

Non-parametric methodb Parametric methodc

Definitely sure yes Mean 18.84 21.76

(Standard error) (3.74) (6.68)

p-value 0.538 0.973

(Diff. 95% conf. int.) (−7.22 to 13.83) (−15.21 to 15.74)

Statistical bias function yes Mean 20.23 22.65

(Standard error) (3.75) (6.61)

p-value 0.381 0.830

(Diff. 95% conf. int.) (−5.80 to 15.20) (−13.67 to 17.03)

Certainty scale ≥ 8 yes Mean 20.23 22.65

(Standard error) (3.75) (6.61)

p-value 0.381 0.830

(Diff. 95% conf. int.) (−5.80 to 15.20) (−13.67 to 17.03)

All yeses Mean 23.74 27.87

(Standard error) (3.83) (7.34)

p-value 0.124 0.368

(Diff. 95% conf. int.) (−2.24 to 18.65) (−8.77 to 23.69)

a p-value of the difference compared to the mean willingness to pay in the real group and 95% confidence
interval of the difference
b Non parametric standard errors and confidence intervals are based on 1000 bootstrap replications
c Parametric standard errors and confidence intervals are based on the delta method

by the statistical bias function and 8 or greater on the certainty scale, to $27.87 for all yeses.
None of the estimates is statistically different from the estimate of mean WTP based on real
purchases.

For the three experiments, overall comparison shows that estimates of mean WTP tend to
increase from yeses calibrated by definitely sure, to estimates based on either the statistical
bias function or 8 or greater on the certainty scale, to all (uncalibrated) yeses. For all yeses
there is strong evidence of hypothetical bias for the diabetes and asthma management pro-
grams, but not for the lipid program. All three of the calibration methods remove evidence
of statistically significant hypothetical bias at usual levels of confidence except for weak evi-
dence for the statistical bias function for asthma. Calibration by definitely sure produces point
estimates of mean WTP closest to the mean of real WTP for all three disease management
programs.

8 What on the 10-point Certainty Scale is Equivalent to Definitely Sure and Real?

We have made several comparisons of the differences associated with calibrating hypothe-
tical yes responses using three different ex post certainty techniques. However, the primary
purpose of this paper is to compare two ways of asking follow-up certainty questions, defini-
tely/probably sure and the 10-point certainty scale. The comparisons for the 10-point, follow
up certainty scale were based on assuming that a true yes is one in which the subject indicated
a certainty scale value of 8 or higher. While that may be representative, we now estimate
which values on the 10-point scale are equivalent to definitely sure for each of the three
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disease management programs. By equivalent, we mean what value on the 10-point scale
produces an estimate of mean WTP that equals the mean WTP using definitely sure yeses.
We also determine which values on the 10-point scale give the same estimates of WTP as
the real purchases.

Allowing all values on the 10-point certainty scale is the same as considering all yeses
to be true yeses, i.e., no calibration. Allowing only yes responses for subjects who indicate
8 or greater on the certainty scale, for example, decreases the number of calibrated true
yeses by the number of subjects with certainty less than 8 and reduces the estimate of mean
WTP accordingly. The estimate of the mean WTP cannot increase as the critical scale value
increases and will typically decrease. The estimate of the mean WTP will be lowest for a
critical certainty scale value of 10. A figure that shows a plot of mean WTP on the vertical
axis and critical certainty scale value that is used for calibration on the horizontal axis will
show a downward-sloping curve from left to right. Because the estimates of mean WTP are
similar for nonparametric and parametric estimations we will discuss just the parametric
estimates.

Figure 4a shows the downward-sloping curve for the diabetes management program. When
all yeses are counted as true yeses, the estimate of the mean WTP is $38.90. The point at
certainty scale value 2.00, the minimum value reported, and $38.90 is for all (uncalibrated)
hypothetical yeses. When only yeses with certainty greater than the value required by the
statistical bias function are considered true yeses, the estimate of the mean WTP is $28.72.
The estimate of mean WTP for definitely sure calibration is $17.36, and the value on the
10-point certainty scale that produces the same estimate of mean WTP is 9.93. The estimate
of mean WTP for real purchases is $19.78, and the value on the 10-point scale that produces
the same estimate of mean WTP is 9.53.

The downward-sloping line in Fig. 4b shows the relationship between mean WTP and
certainty scale value for the asthma management program. When all yeses are counted as
true yeses, the estimate of mean WTP is $33.24. When only yeses with certainty value greater
than the value required by the statistical bias function are considered true yeses, the estimate
of the mean WTP is $17.37. The estimate of mean WTP for definitely sure calibration is
$9.69, and the value on the 10-point certainty scale that produces the closest estimate of
mean WTP is 10. The estimate of mean WTP for real purchases is $10.27, and the value on
the 10-point scale that produces the closest estimate of mean WTP is 10.

The downward-sloping line in Fig. 4c depicts the relationship between mean WTP and
certainty scale value for the lipid management program. When all yeses are counted as true
yeses, the estimate of mean WTP is $27.87. When only yeses with certainty value greater
than the value required by the statistical bias function are considered true yeses, the estimate
of the mean WTP is $22.65. The estimate of mean WTP for definitely sure calibration is
$21.76, and the value on the 10-point certainty scale that produces the same estimate of
mean WTP is 9.00. The estimate of mean WTP for real purchases is $20.41, and the value
on the 10-point scale that produces the closest estimate of mean WTP is 10.

9 Discussion and Conclusions

In striving to elicit willingness to pay without bias researchers use a variety of measures to
mitigate hypothetical bias including ex ante, in medias res, and ex post efforts. This paper
focuses on two ex post measures, follow up certainty statements. One asks respondents
to indicate whether they are “definitely sure” of their decision in contingent valuation or
“probably sure.” The other asks respondents to indicate their certainty on a 10-point scale.
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Fig. 4� a Scale value producing WTP equal to definitely sure WTP. Diabetes. Mean WTP declines as the
critical certainty scale value increases toward 10a.
Superscript ‘a’ indicates the mean WTP based on certainty scale values of 7, 8, 9, and 10 are $34.32, $28.64,
$22.99, and $16.96, respectively; Superscript ‘b’ indicates the minimum certainty scale value reported by a
subject was 2.
b Scale value producing WTP equal to definitely sure WTP. Asthma. Mean WTP declines as the critical
certainty scale value increases toward 10a.
Superscript ‘a’ indicates the mean WTP based on certainty scale values of 7, 8, 9, and 10 are $22.04, $19.03,
$12.86, and $10.75, respectively; Superscript ‘b’ indicates the minimum certainty scale value reported by
a subject was 0; Superscript ‘c’ indicates the even a certainty scale value of 10 yields a point estimate of
willingness to pay greater than this point estimate.
c Scale value producing WTP equal to definitely sure WTP. Lipid. Mean WTP declines as the critical certainty
scale value increases toward 10a.
Superscript ‘a’ indicates The mean WTP based on certainty scale values of 7, 8, 9, and 10 are $26.11, $22.65,
$21.76, and $20.59, respectively; Superscript ‘b’ indicates the The minimum certainty scale value reported
by a subject was 1; Superscript ‘c’ indicates even a certainty scale value of 10 yields a point estimate of
willingness to pay greater than $20.41

Both types of follow up certainty statements have produced calibration of hypothetical yeses
that match well with real purchases of environmental and health related goods.

We make comparisons using data from three separate field experiments in a private good,
dichotomous choice setting. One was for a diabetes management program, a second was
for an asthma management program, and a third was for a lipid management program. In
each experiment the program was offered hypothetically in contingent valuation and for real
purchase. The diabetes and asthma experiments allow for split sample comparisons because
individuals were offered the good either hypothetically or for real. We compare four types of
hypothetical yes responses. They are yeses calibrated by definitely sure, an updated statistical
bias function, 8 or greater on the 10-point certainty scale, and lastly all (uncalibrated) yeses.
We compared these hypothetical responses to real purchases also. We compared the means of
observable characteristics of the respondents for the four types of yeses. While there are some
differences in the means of some of these characteristics, it is not clear if there is any pattern.

We compared the percentage of yes responses in contingent valuation. The percentage of
yeses tends to increase as we move from calibration by definitely sure to the statistical bias
function and 8 or greater on the certainty scale, to all yeses. Comparisons to the real purchase
decisions showed that all three calibrations remove indications of hypothetical bias at the
5% level for diabetes and asthma, the two programs for which bias was indicated. Using
definitely sure to identify true yes responses produces a set of yeses that give no indication
of hypothetical bias at any of the usual levels of statistical significance. To account for any
influential differences in observable characteristics of subjects we compared the performance
of a dummy variable for being a hypothetical yes in contingent valuation in logit regressions
of all (hypothetical and real, yes and no) responses. We found that overall comparisons of
the Hypothetical dummy variable in logit regressions that control for characteristics of the
subjects mimic the comparisons of the percentage yes responses. Our interpretation is that any
differences in the observable characteristics do not have much effect on differences between
hypothetical and real responses for the three disease management programs.

We compared the estimates of mean WTP based on the three calibrations and all yeses
and also based on real purchases. For the three experiments, estimates of mean WTP tend to
increase from yeses calibrated by definitely sure, to estimates based on either the statistical
bias function or 8 or greater on the certainty scale, to all hypothetical (uncalibrated) yeses. For
all yeses there is strong evidence of hypothetical bias for the diabetes and asthma management
programs. All three of the calibration methods remove evidence of statistically significant
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hypothetical bias at usual levels of confidence for diabetes and asthma programs except for
weak evidence for the statistical bias function for asthma. For all three disease management
programs, calibration by definitely sure produces point estimates of mean WTP closest to
the mean of real WTP.

Finally, we estimated the values on the 10-point certainty scale that will produce the same
estimate of mean WTP as calibration by “definitely sure” and the same estimate of mean
WTP as real purchases. For the three disease management programs the certainty scale values
that produce the same estimates of mean WTP as calibration by definitely sure are 9.9 for
diabetes, 10 for asthma, and 9.0 for lipid. The certainty scale values that produce the same
or closest estimates of mean WTP as real purchases are 9.5 for diabetes, 10 for asthma, and
10 for lipid. All of these values are close to 10.

Eliciting willingness to pay without bias means that the ratio of sample estimates of
hypothetical values divided by real values equals one. Little and Berrens (2004) conduct a
meta-analysis of ratios from 41 studies that, on average, have hypothetical values that are
approximately triple the real values. Factors considered relevant to explaining hypothetical
bias include laboratory setting or not, private or public good, elicitation method, and hypothe-
tical bias mitigation measures such as cheap talk and certainty corrections. Their analysis (and
that of Murphy et al. 2005) find little evidence that hypothetical bias differs between private
and public goods. However, they also find that a referendum format for public goods reduces
hypothetical bias consistent with Carson and Groves (2007) contention that a consequential,
coercive dichotomous choice referendum can be incentive compatible. Their meta-analysis
shows that correction for certainty reduces hypothetical bias.

Whether calibration by the simple definitely sure follow up question would perform as well
and be equivalent to values near 10 on the certainty scale for environmental goods or other
goods that might be provided publicly remains an open question. Recent work by Flachaire
and Hollard (2007) based on “coherent arbitrariness” suggests that uncertain respondents
will tend to say yes for environmental goods such as preventing another oil spill like the
one by Exxon Valdez and that estimates of WTP are likely to be upper bounds unless a
second dichotomous choice question is asked. Whether more reliable estimates are obtained
by asking a follow up valuation question or a follow up certainty question is another open
question. Håkansson (2008) develops a classic and interval open-ended elicitation (CIOE)
format that permits respondents who know their value to report a single value and respondents
who are less certain to report an interval of values. How the mean and lower and upper bound
estimates from this format compare to estimates based on dichotomous choice with certainty
follow up statements is worth exploring. For now, we do have some idea how identifying
true hypothetical yes responses by definitely sure/probably sure follow up certainty questions
compares to calibration using a 10-point certainty scale for private goods when values are
elicited using dichotomous choice.
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