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Abstract
This note investigates payment timing and prior outcome effects on individual choice under uncertainty using a two-year dataset containing more than
29,000 individual discrete choices over 128 annual lotteries for big-game (elk)
hunting licenses in the southwest United States. In the first year, lottery applicants were required to prepay for licenses, and in the second year, the prepayment rule was removed, resulting in a more than twofold increase in the
number of applicants. Results from nonparametric hypothesis tests indicate
significant differences in the composition of lottery choices between new and
prior applicants and between applicants who were drawn versus not drawn
before the prepayment rule was removed. The findings contribute to experimental evidence that decisions made under uncertainty may be affected by the
administrator’s choice of payment mechanism and the subject’s gains or losses
from earlier choices.
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1. Introduction
Behavioral theories of individual decision-making have postulated that individual choices over alternatives with uncertain outcomes may be influenced by the
timing in which individuals receive, or are required to make, compensatory
payments and by the outcomes from prior choices. The hypotheses have been
tested in several experimental settings, with evidence of significant payment
timing and prior outcome effects consistently being identified. In laboratory
studies in which subjects are paid for participating and for their performance
across experimental tasks, [1], [2], and [3] found that “house money” effects
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coined by [4] may be induced when participation fees are paid upon completion
of the experimental tasks, with riskier choices being made on average relative to
when the fees are paid up front. And in repeated choice experiments, [1], [4],
and [5] found the outcomes from prior choices may influence subsequent decisions and identified conditions under which less or more risk-averse behavior
may result from early successes versus losses.
This note provides an out-of-lab investigation of the effects of payment timing
and prior outcomes on individual choice under uncertainty using a unique dataset containing more than 29,000 individual choices over 128 annual lotteries
for big-game (elk) hunting licenses in the southwest United States. Lottery-rationed hunting privileges allocated by state and provincial wildlife management
agencies are common throughout North America (see e.g., [6] and [7]), and in
addition to generating significant revenues for wildlife management and rural
economies, the institutional arrangement provides a natural setting for investigating individual risky decision-making. The data evaluated here were collected
from the state of New Mexico and span a two-year period over which the state
wildlife management agency varied the timing in which lottery applicants were
required to pay for a non-transferable license allowing the holder to harvest an
elk within a specific wildlife management unit over a five-day period between
October and March.
In the first year of the data, lottery applicants were required to prepay for licenses, and the fees were later refunded to applicants who were not randomly
drawn. However, in the second year, the state removed the pre-payment rule,
and resident applicants were ensured of receiving seventy-eight percent of the
total licenses.1 While the effect of the license quota on the probability of being
drawn was known to be largely ex ante neutral, removing the prepayment rule
had a sharp effect on participation, with the number of applicants nearly tripling
over the prior year. As the lottery data identifies individual applicants, their
choices, and the outcomes (drawn or not drawn) in both years, the composition
of lottery choices is investigated below across applicant groups and alternative
measures of the probability of being drawn for evidence of payment timing and
prior outcome effects on decision-making outside of the experimental lab.
The next section begins by reviewing the applicant data and constructing ex
ante and ex post measures of the probability of being drawn in each of the 128
lotteries. The empirical distributions of lottery choices over the probability
measures are then evaluated and results are presented from nonparametric hypothesis tests of the equality of the composition of lottery choices by individuals
who participated in both years and individuals who only entered subsequent to
the removal of the prepayment rule. The findings indicate that the sensitivity of
new applicants to the prepayment rule does not necessarily correspond to the
frequency with which high (or low) probability lotteries are chosen relative individuals who participated in both years. However, significant differences are
Prepayment of the license fee by lottery applicants had been required for more than twenty years. In
the period evaluated here the resident license fee ranged from $37 to $60. Additional details on the
lottery characteristics are discussed in [7].
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found in the composition of lottery choices between the group of applicants who
was drawn in the prior year and the group of applicants who was not drawn. The
empirical results complement experimental findings that choice under uncertainty may be influenced by the payment arrangement individuals confront and
the realized gains or losses from prior risky choices.

2. Analysis of Lottery Choices
2.1. The Data and Probability Measures
Information on the composition of the lottery applicant data used in the analysis
is reported in Table 1. The data contain about 11,000 resident applicants for elk
licenses who participated in the year before and the year after the state removed
the prepayment rule (1996-97 and 1997-98) and about 19,000 resident applicants
who participated only after the rule was removed. To distinguish between the
two applicant groups, the former will be referred to as “prior” applicants and the
latter will be referred to as “new” applicants. Prior and new applicants differed in
age by about three years on average, and about ninety-two percent of prior applicants were male versus about eighty-eight percent of new applicants. Considering prior applicants, about sixty percent were drawn in the year before removal of the prepayment rule, and less than half chose the same lottery in both
years. Of those who chose the same lottery, about sixty percent were previously
drawn versus about fifty percent of applicants who chose a different lottery after
the rule changed.
While the total number of licenses to be awarded in each lottery is documented in the annual application book, the probability of being drawn is unknown ex ante.2 To assist applicants in choosing a lottery to enter, the book reTable 1. Summary statistics on lottery applicants and choices after removal of the
prepayment rule.
Applicant Characteristics

Prior Applicants
N = 11,024

New Applicants
N = 18,924

Average Age

43.5 (12.87)

40.17 (13.08)

% Male

92.3

88.4

% Drawn in Prior Year

57.1

-

% Choosing Same Lottery

46.3

-

% Drawn Prior Year

61.4

-

% Not Drawn Prior Year

38.6

-

% Choosing Different Lottery

53.7

-

% Drawn Prior Year

53.3

-

% Not Drawn Prior Year

46.7

-

Note: Standard deviations are reported in parentheses. The data were provided by the New Mexico Department of Game and Fish.

The total number of licenses to be awarded ranged from 5 to 350 across the 128 lotteries in both
years, and the average and median number of licenses awarded were 91.6 and 50, respectively.
2
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ports the total number of applicants in the preceding year, and after the prepayment rule was removed the state provided additional information to applicants by decomposing the total number of applicants in the previous year into
resident and non-resident groups. From this information, two ex ante measures
of the probability of being drawn are constructed for the analysis. The first
(EAP1) is the probability of being drawn in the year before the rule changed
and is equal to the total number of licenses to be awarded–which did not
change between the years–divided by the total number of applicants in the prior
year. The second ex ante probability measure (EAP2) is equal to the number of
licenses to be awarded to residents (seventy-eight percent of the total licenses in
each lottery) divided by the number of resident applicants in the prior year. In
addition to the two ex ante probability measures, the realized ex post probability (EPP) is constructed from the applicant data as it identifies the number residents who applied after the payment rule changed. Therefore, the difference between EPP and EAP2 is that EPP reflects the realized number of resident applicants, whereas EAP2 reflects the number of resident applicants in the prior year.
The three measures of the probability of being drawn are summarized across
the 128 lotteries in Figure 1, where EAP1, EAP2, and EPP appear along the horizontal axes.3 EAP1 and EAP2 are compared in the first panel, and EAP1 and
EAP2 are compared against EPP in the second and third panels, respectively.
The results in the first panel indicate the ex ante probability measures differ negligibly across the majority of the 128 lotteries, with the mean and median differences between EAP1 and EAP2 being 0.03 and 0.04, respectively. EAP1 ranges
from 0.10 to 1 over the lotteries and has an average and median value of 0.56 and
0.51, respectively. Similarly, EAP2 ranges from 0.09 to 1 and has an average and
median value of 0.53 and 0.45, respectively. In contrast, due to the large increase
in applicants after the payment rule changed, the ex post probability of being
awarded a license (EPP) is notably smaller than EAP1 and EAP2 over the majority of lotteries, as indicated in the second and third panels in Figure 1. EPP
ranges from 0.03 to 1 and has an average and median value of 0.47 and 0.39, respectively.

Figure 1. Differences between the ex ante and ex post probabilities of being drawn over 128 lotteries.
Figure 1 and Figure 2 were generated in Stata version 12.

3
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2.2. Analysis and Results
To investigate the composition of lottery choices between new and prior applicants and between prior applicants who were drawn before the prepayment rule
was removed versus those who were not drawn, the empirical distributions of
lottery choices are reported in Figure 2, where EAP1, EAP2, and EPP appear
along the horizontal axes. Considering the top row in the figure, across the three
probability measures the empirical distribution of the lottery choices made by
applicants who were not previously drawn lies above the distribution of new applicants, and the distribution of new applicants lies above that of applicants who
were previously drawn. As a group, applicants who were not drawn prior to the
removal of the prepayment rule chose low probability lotteries with greater cumulative frequency than both new applicants and applicants who were not previously drawn. Recalling that the number of applicants more than doubled after
the prepayment rule was removed, despite the sensitivity of new applicants to
the rule change, the cumulative frequency with which they chose relatively low
(or high) probability lotteries does not deviate sizably from that of prior applicants as a group.

Figure 2. The empirical distributions of the composition of lottery choices by prior and new applicants.
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For comparison, note from the top row in Figure 2 about forty percent of applicants who were drawn before the payment rule changed subsequently chose
lotteries with probabilities below the medians of EAP1 (0.51) and EAP2 (0.45)
versus about fifty percent of new applicants and more than sixty percent of prior
applicants who were not drawn before the rule changed. And considering the
realized probability of being drawn (EPP) following the change in the rule, about
fifty percent of applicants who were not previously drawn chose lotteries with
probabilities below the median (0.39) versus about seventy percent of new applicants and about seventy-five percent of applicants who were not previously
drawn. The results suggest that the random outcome from the prior year (drawn
or not drawn) may influence applicant choices in the subsequent year, with applicants who were not previously drawn choosing lower probability lotteries
with greater cumulative frequency than other groups of applicants.
To formally test for differences in the distributions of lottery choices between
i) prior applicants and new applicants, ii) prior applicants who were previously
drawn and prior applicants who were not previously drawn, and iii) new applicants and the latter two groups of prior applicants, nonparametric hypothesis
tests are conducted using information from the empirical distributions reported
in the top row of Figure 2. For each of the 128 lotteries the percentage of the total number applicants from the respective group is measured, and from this the
cumulative percentage of applicants over the three measures of the probability of
being drawn (EAP1, EAP2, and EPP) is measured. Differences in the distributions of the percentage of applicants and in the cumulative percentage of applicants are tested between the groups using Wilcoxon’s matched-pair test for cases
i and ii and Friedman’s matched-group test for case iii. A detailed review of the
testing procedures is contained in [8].
Results from the Wilcoxon and Friedman tests are reported in Table 2. The
null that the distribution of the percentage of applicants is equal between new
and prior applicants fails to be rejected by the Wilcoxon test. However, across
EAP1, EAP2, and EPP significant differences are found between the cumulative
percentage of new and prior applicants and between prior applicants who were
Table 2. Results of Wilcoxon and Friedman tests of the equality of the distributions of
lottery choices by prior and new applicants.
Prior Year Applicants vs.
New Applicantsa

Drawn Prior Year vs.
Not Drawn Prior Yeara

Drawn Prior Year vs.
Not Drawn Prior Year vs.
New Applicantsb

Probability
% of
Cumulative %
% of
Cumulative %
% of
Cumulative
Measure Applicants of Applicants Applicants of Applicants Applicants % of Applicants
EAP1

0.88

4.82*

9.88*

9.42*

359.51*

375.09*

EAP2

0.88

4.93*

9.88*

9.48*

359.51*

375.72*

EPP

0.88

9.69*

9.88*

9.72*

359.51*

377.07*

Note: aWilcoxon test. bFriedman test. Test statistics are reported in absolute value. * denotes significance at
the 1% level.
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previously drawn and who were not previously drawn. Results from the Friedman test also indicate significant differences in the distribution of the percentage
of applicants and in the cumulative percentage of applicants across the three
groups at the one percent level across the three probability measures.
One interpretation of the results is that applicants who were previously drawn
were more averse to the risk of not being drawn in the subsequent year than
those who were not previously drawn. This may be because although an awarded
license provides the holder with the opportunity to harvest in elk, the majority of
applicants who are drawn do not do so, either because they are unsuccessful or
they forego the hunt. Though the data do not identify whether individual license
holders were successful, harvest statistics provided by the state indicate the proportion of license holders who were successful ranged from 0 to 1 across the 128
hunts, with average and median harvest rates of 0.37 and 0.30, respectively. Together with the uncertainty of being drawn, it follows that unsuccessful efforts
and expenditures put forth previously may be considered losses which are partially mitigated against in future periods by choosing lotteries with greater
probabilities of success, all else constant.
In addition to the comparisons of new and prior applicants and of prior applicants who were previously drawn and who were not previously drawn, recall
from Table 1 that more than half of prior applicants chose different lotteries after the prepayment rule was removed, and about half of the group was previously drawn. Alternatively, of those who chose the same lottery in both years, more
than sixty percent were drawn in the year before the prepayment rule was removed. As all applicant groups confronted the same payment arrangement, and
assuming individuals chose to enter their most-preferred lottery, the results
from Table 1 suggest the prior year’s random outcome (drawn or not drawn)
may have influenced applicant choices in the subsequent year.
To further investigate the prior-outcome effect, applicants who were drawn in
the year before removal of the prepayment rule are decomposed into groups who
chose the same lottery in both years and who switched lotteries after the rule was
removed. Similarly, applicants who were not previously drawn are decomposed
into same-choice and different-choice groups. The empirical distributions are
reported across EAP1, EAP2, and EPP in the second row of Figure 2 for
same-choice and different-choice applicants who were previously drawn, and the
third row of Figure 2 reports the empirical distributions for same-choice and
different choice applicants who were not previously drawn. Considering applicants who were previously drawn, the distributions of the composition of lottery
choices by same-choice and different-choice applicants consistently overlap
across the ex ante probability measures (EAP1 and EAP2), whereas when measured by the realized probability of being drawn (EPP), the group of applicants
who switched lotteries chose low probability lotteries with greater cumulative
frequency than those who applied to the same lottery in both years.
Alternatively, from the third row of Figure 2 note that sizable differences are
observed between the distributions of lottery choices by same-choice and differ753

D. Scrogin

ent-choice applicants who were not previously drawn. About eighty percent of
same-choice applicants who were not previously drawn chose lotteries with
probabilities below the medians of EAP1 (0.51) and EAP2 (0.45) versus only
about forty percent of the other applicant groups. And considering the realized
probability of being drawn (EPP) after removal of the prepayment rule, about
fifty percent of applicants who were not previously drawn chose lotteries with
probabilities below the median (0.39) versus about seventy percent of new applicants and about seventy-five percent of applicants who were not previously
drawn.
Similar to testing for differences in the composition of lottery choices between
new and prior applicants (Table 2), Wilcoxon and Friedman tests are performed
between the same-choice and different-choice sub-groups of prior applicants
who were i) previously drawn and ii) not previously drawn using information
from the empirical distributions that appear in the bottom row of Figure 2. The
outcomes of the tests are summarized across the three probability measures in
Table 3. Measured either by the percentage of applicants in each lottery or the
cumulative percentage over the 128 lotteries ordered by EAP1, EAP2 or EPP, the
test results indicate significant differences between the distribution of samechoice and different-choice applicants regardless of whether they were drawn or
not drawn prior to the removal of the prepayment requirement.
For completeness, and as a final comparison of distributional differences between groups, Table 3 reports the test statistics from Friedman test. The results
indicate across the three probability measures the distributions of the percentage
of applicants and of the cumulative percentage of applicants jointly differ between the applicant groups at the one percent level. Collectively, when the composition of lottery choices is measured by the cumulative percentage of applicants across lotteries, the results in Table 2 and Table 3 indicate significant differences between the distributions of prior and new applicants. The effect of removing the prepayment rule was then twofold as the number of applicants more
than doubled and the composition of lottery choices made by new applicants
differed significantly from those willing to enter under either payment regime.
Table 3. Results of Wilcoxon and Friedman tests of the equality of the distributions of
lottery choicesby prior applicants.
Drawn Prior Year
Same Choice vs.
Different Choicea

Not Drawn Prior Year
Same Choice vs.
Different Choicea

Drawn & Same Choice
vs. Drawn & Different
Choice vs. Not Drawn &
Same Choice vs. Not Drawn
& Different Choiceb

Probability
% of
Cumulative %
% of
Cumulative %
% of
Cumulative
Measure Applicants of Applicants Applicants of Applicants Applicants % of Applicants
EAP1

7.66*

4.39*

3.16*

7.95*

378.52*

522.97*

EAP2

7.66*

4.16*

3.16*

8.25*

378.52*

525.44*

EPP

7.66

9.40

3.16

2.974

378.51

528.29*

*

*

*

*

*

Note: aWilcoxon test. bFriedman test. Test statistics are reported in absolute value. * denotes significance at
the 1% level.
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3. Conclusions
This note investigated the effects of relaxing prepayment rules imposed upon
individuals and of the outcomes of prior choices on individual decision-making
under uncertainty in a setting outside of the experimental lab. Using a rich data
set containing more than 29,000 individual choices and associated outcomes
from the state of New Mexico’s annual lotteries for big-game (elk) hunting licenses, the composition of lottery choices made by various applicant groups was
evaluated subsequent to the state’s removal of a rule requiring applicants to prepay for licenses. Data on individual choices over lotteries for rationing publicly
managed resources has been used for nonmarket demand analysis and benefits
estimation, and this note demonstrated how such data can be analyzed for evidence of payment timing and prior outcome effects documented in several experimental studies. Results of the analysis indicate lottery participation was highly
responsive to the removal of the prepayment rule, and across subjective and objective measures of the probability of being drawn in each of the 128 annual lotteries, significant differences were found in the composition of the lottery choices between new and prior applicants and between applicants who were previously drawn versus those who were not previously drawn. The results contribute to experimental findings that individual choice under uncertainty may be
affected by the payment arrangement individuals confront and the realized gains
or losses from previous risky choices.
As a final consideration, from a public policy perspective, although the total
number of licenses rationed through the lottery did not change between the periods, the state’s removal of the prepayment requirement seemingly reduced a
financial burden for some members of the population. In doing so, however, the
state bore the burden of processing thousands of additional applications. Furthermore, institutional rules did not require applicants who were drawn to purchase a license. That is, there were no penalties if individuals did not post-pay
for awarded licenses. As a result, while ninety-seven percent of prior applicants
purchased awarded licenses, only ninety percent of new applicants did so. Given
that new applicants exceeded the number of prior applicants by more than twofold and were the majority recipients of licenses over the state’s big-game hunting lotteries, the state was left with hundreds of unsold licenses which it was then
confronted with allocating in some manner, and it did so by queue on a
first-come first-served basis. The state subsequently reimposed the prepayment
rule in the following year and to date, it remains in place.
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