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Abstract Advances in behavioral economic research meth-
odology have generated novel insights into public policy
considerations regarding substance use and addiction. A ma-
jor advancement toward this end was the development of
hypothetical purchase tasks (HPTs) that permit modeling of
consumption and demand without the need for actual pur-
chases and lengthy human operant studies comprised of real
reward deliveries. Psychometric research in the domain of
behavioral pharmacology suggests that the HPT has adequate
test—retest reliability, as well as construct and convergent/
divergent validity. Research to date has exclusively examined
pharmacological commodities, however, necessitating the
need for technology transfer to other pressing societal issues.
In the present study, we examined demand for recreational
driving across three groups, each consisting of a different fuel
price progression size in the HPT. Findings suggest that
behavioral economic models of demand do not differ as a
function of progression size, providing support to the inter-
method reliability of this procedure.
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Evaluation of Progression Sizes in a Fuel Hypothetical
Purchase Task: Inter-Method Reliability of Empirical
Public Policy

Behavioral economic considerations of real-world issues have
become increasingly popular in the social sciences and public
policy discussions, no doubt due to the success of popular
trade books such as Thaler and Sunstein’s Nudge: Improving
decisions about health, wealth and happiness (2008) and
Shafir’s The behavioral foundations of public policy (2013).
The behavioral sciences, however, have utilized behavioral
economic concepts for decades due to the importance of
analyzing consumption of reinforcers in the context of various
environmental constraints—notably, costs associated with
each unit of reinforcement (e.g., Green and Freed 1993; Hursh
et al. 1989; Hursh 1980, 1984; Johnson and Bickel 2006;
MacKillop et al. 2012b; Madden and Hartman 2006; Rachlin
etal. 1976; Reed et al. 2009; Reed et al. 2013a, b; Roane et al.
2001). Formal demand curve analyses are used to quantify the
relation between price and consumption (Hursh et al. 1988;
Hursh et al. 2012; Hursh and Silberberg 2008). Such analyses
plot units of reinforcement consumed as a function of the unit
price (i.e., the number of responses, the amount of money, the
degree of effort, etc., necessary to access the reinforcer). The
primary aim of such analysis is to evaluate the degree to which
consumption is defended against price increases. Consump-
tion is considered inelastic when it remains relatively undis-
turbed across increasingly high prices. However, consumption
is considered elastic when it demonstrates price sensitivity
(i.e., consumption decreases substantially as prices increase).

The contemporary quantitative model of demand (Hursh
and Silberberg 2008; Hursh et al. 2012) assumes an exponen-
tial function and quantifies the (a) overall level of elasticity
across the entire range of prices (termed «; lower o values are
indicative of relative inelasticity) and (b) level of consumption
at zero cost (termed Qy; considered a measure of maximum or
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baseline demand intensity). The essential value of the rein-
forcer is quantified as the inverse of «, such that higher values
represent commodities of relatively greater demand. Another
quantitatively derived metric of demand is P,,,,, which quan-
tifies the price at which consumption becomes elastic (this
metric is inversely related to «). A major advantage of the
exponential model is that the equation controls for reinforcer
magnitude as well as qualitative differences in reinforcement
within the Q, parameter. Thus, the model allows differing
intensities of demand to feature equal levels of elasticity,
thereby permitting credible quantitative comparisons between
qualitatively different reinforcers or identical reinforcers of
differing sizes. The exponential demand equation is presented
in greater detail below.

Demand curve analyses originated in highly controlled
operant laboratories using nonhuman subjects working for
primary reinforcers in closed economies (Hursh 1980,
1984). This procedure became increasingly fruitful for exam-
ining demand for qualitatively and quantitatively different
drugs using self-administration (e.g., Hursh and Winger
1995; Ko et al. 2002; Spiga et al. 2005). Given public interests
in human drug research, experiments began translating the
procedures for human operant studies using plunger pulls as
operants to access drug reinforcers (e.g., Johnson and Bickel
2006; Shahan et al. 1999). These human operant approaches
to the behavioral economic study of drug addiction revolu-
tionized human behavioral pharmacology (e.g., Bickel et al.
1993; Bickel et al. 2012). Such procedures, however, carry
inherent medical risk to participants, require large amounts of
time for participants to demonstrate stable responding at each
drug price, and are highly expensive (payment for partici-
pants, purchasing drugs, equipment costs). Human behavioral
pharmacology studies are thereby typically limited to grant
funded projects and employ specialized populations of partic-
ipants with a history of substance abuse.

In an effort to circumvent some of the safety and cost-
prohibitive features of human operant demand curve studies,
Jacobs and Bickel (1999) created a hypothetical purchase task
(HPT) for use with opioid-dependent participants. In their
HPT, Jacobs and Bickel asked participants to imagine they
were purchasing cigarettes and heroin during their time of
heaviest abuse prior to entering treatment, and that they were
not receiving buprenorphine, naltrexone, or antabuse, and
could not access the commodities in any other capacity. The
HPT consisted of an ascending series of monetary prices to
access one unit of reinforcement (one cigarette or one bag of
heroin). Prices ranged from $0.01 to $1,120.00 per unit.
Participants completed three HPTs: one for cigarettes alone,
one for heroin alone, and one in which cigarettes and heroin
were available concurrently. The obtained results appeared
visually similar to demand curves derived from human oper-
ant studies and were well accounted for by quantitative
models of demand (Hursh et al. 1988). As expected given

the sample of opioid-dependent participants, demand for
heroin was greater than demand for cigarettes, providing
some degree of construct validity. Demand measured via
individual HPTs did not differ from that of the concurrent
HPT, suggesting some degree of criterion validity.

Murphy and MacKillop (2006) adapted Jacobs and
Bickel’s (1999) HPT to measure demand for alcohol in a
standard college-aged sample of participants. In the Murphy
and MacKillop HPT, the vignette was specific to alcohol and
provided a price range of $0 (free) to $9.00 per drink. The
researchers also asked participants to complete the Daily
Drinking Questionnaire (DDQ; Collins et al. 1985) to deter-
mine the levels of drinking emitted by the participants each
week, as well as the Rutgers Alcohol Problem Inventory
(RAPI; White and Labouvie 1989). Results were similar to
those obtained by Jacobs and Bickel (1999) in that problem-
atic drinkers featured greater intensity of demand for alcohol
than less problematic drinkers. Demand curves for alcohol
across all participants appeared similar to those obtained in
human operant studies and were accounted for by quantitative
models of demand (Hursh et al. 1988). These findings provide
additional construct and concurrent validity to the HPT. Most
importantly, the Murphy and MacKillop (2006) findings sug-
gest that HPT can yield valid data from non-clinical popula-
tions, providing a low-cost alternative to operant demand
analyses. In one follow-up study, MacKillop and Murphy
(2007) found that this alcohol HPT was predictive of alcohol
treatment success, providing predictive validity to this form of
demand assessment. In another study, MacKillop et al.
(2012b) demonstrated that the cigarette HPT may serve as a
viable model for public policy interventions aimed at
assessing tax revenue and price elasticity when factoring an
excise tax into the HPT prices.

Subsequent studies have integrated the procedures from
Jacobs and Bickel’s (1999) and Murphy and MacKillop’s
(2006) HPT and demand curve analyses to examine hypothet-
ical cigarette consumption in non-clinical samples (MacKillop
etal. 2008; Murphy et al. 2011). Specifically, MacKillop et al.
(2008) found that cigarette demand was higher in college-
aged participants with mild to moderate nicotine dependence
than those participants with minimal dependence, suggesting
both convergent and divergent validity in the HPT. A 2011
replication using adolescents (Murphy et al. 2011) reproduced
the convergent and divergent validity findings. An additional
contribution of the 2011 study was the inverse correlation
between intensity of demand and self-reported motivation to
change smoking habits; this correlation provides some clinical
utility to the HPT. Madden and Kalman (2010) found that
demand for cigarettes in a HPT following one week of treat-
ment was predictive of long-term cessation, also providing
some degree of predictive validity.

In an effort to further demonstrate the construct validity of
the HPT, MacKillop et al. (2010, 2012a) devised a procedure
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to examine demand in the presence of commodity-specific
and neutral cues. Previous research has suggested that crav-
ings increase consumption, and that environmental cues can
modulate such cravings (Carter and Tiffany 1999; Laibson
2001). Thus, the goal of MacKillop and colleagues’ cue-
eliciting procedures was to evaluate whether demand is mod-
ulated through environmental cues related to the commodity.
For example, MacKillop et al. (2010) exposed alcohol
drinkers to two conditions: one in which alcohol cues were
present and the other with neutral cues (related to water). Cues
consisted of photographs of the commodity, an audiotape
describing the commodity, and the presence of the commodity
itself for proprioceptive and olfactory cues. Indeed, hypothet-
ical demand for alcohol was higher in the presence of alcohol-
specific cues, suggesting that the HPT features construct va-
lidity. These results have been reproduced with cigarettes as
the target commodity (the neutral cue consisted of pencils) for
nicotine-dependent participants (MacKillop et al. 2012a).

In addition to validity studies on the psychometric proper-
ties of HPT, two studies highlight the temporal stability of the
measures obtained from such studies of demand. Murphy
et al. (2009) found excellent reliability at a 2-week test-retest
window for the alcohol HPT using the exponential demand
model (Hursh and Silberberg 2008). Few et al. (2012)
reproduced these findings with a 1-week test-retest window
for the cigarette HPT. These two studies indicate that HPT for
cigarettes and alcohol are reliable, in addition to being valid.
The extant literature on HPT described above collectively
suggests that the HPT is a psychometrically sound measure
of demand for commodities of addiction.

To date, the HPT procedure has been exclusively employed
for pharmacological study. This is unfortunate given the wide
degree of applicability that the HPT can offer the behavioral
sciences. As proposed by Hursh and Roma (2013), the HPT
may be useful in examining public policy issues, such as
excise taxes, that cannot be manipulated in applied contexts
and that feature too limited of a range in actuarial studies of
archival market data. The extant HPT research on substance
use has yielded interesting information on the interaction
between price structuring and dependence, which has obvious
implications for public policy consideration. Namely, a one-
size-fits-all approach to excise taxes will likely affect only a
subsample of the population. However, an additional benefit
of the HPT is the ability to model the amount of money spent
at the peak level of consumption; such information provides
an estimate of the tax revenue generated through the use of the
excise tax (see MacKillop et al. 2012b).

Beyond substance abuse, as indicated by Reed et al.
(2013a, b), demand for oil in the North American marketplace
appears incredibly inelastic using the behavioral economic
exponential model of demand, but this may only be a function
of a limited range of market prices that is too short to result in
elastic demand. Employing HPT for commodities such as fuel

may be one way to model the effects of oil prices that have not
yet been experienced by North American consumers. More-
over, no studies have examined the inter-method reliability of
the HPT with respect to various price progression sizes, that is,
whether the “essential value” of a commodity remains con-
stant regardless of the prices queried within a specified range.
The progression sizes used in the extant HPT literature have
not been systematically examined to determine whether the
progression sizes matter in generating rapid HPT demand
curves. Thus, the goals of the present study were two-fold.
First, in an effort to expand HPT technology to issues of
public importance beyond substance abuse, we sought to
determine whether data obtained using a HPT for a non-
pharmacological commodity—in this case, fuel—could be
adequately explained by contemporary exponential models
of demand (Hursh and Silberberg 2008). Second, we sought
to systematically evaluate various progression sizes at the
group level to determine whether markers of exponential
demand (e.g., demand elasticity, intensity, P,,,, breakpoint)
significantly varied as a function of progression size.

Methods
Participants, Setting, and Equipment

Seventy-six undergraduates aged 18-32 (M=19.88 years,
SD=2.30) enrolled in an introductory psychology course were
recruited and received extra credit for participation. Participants
were seated at individual computers in a quiet 9 m X 6 m
testing lab featuring 20 desks arranged around the perimeter of
the room, each equipped with a Dell Optiplex computer (run-
ning Windows 7) connected to a local area network and the
internet. A Dell 43.18-cm-wide aspect flat-panel monitor was
connected to each computer and placed at eye-level on each
desk (approximately 0.5 m from each participant’s face). Ap-
proximately ten participants participated during each session.

Experimental Preparation

Upon entering the lab, the experimenter randomly assigned
the participants to one of three groups: $0.25 (n=26), $0.50
(n=26), or $1.00 (n=25) fuel price progression sizes. The
experimental task was preloaded on the screen when partici-
pants took their seat to begin the study. All participants were
presented with and answered driving-related questions
pertaining to a hypothetical vignette (adapted from Murphy
and MacKillop 2006) displayed on the computer screen using
Qualtrics® Research Suite (see http://wwww.qualtrics.com).
Each vignette was displayed on a different page and read:

In the questions that follow, we would like you to
pretend to make decisions about driving. The driving
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decisions that you make will appear on the next several
pages. You may decide to drive as much or as little as
you’d like.

As you answer the questions, assume that you drive an
average 4-door mid-sized passenger car that achieves an
average fuel efficiency of 20 miles per gallon. In each
question, assume that you’re making a decision whether
to drive to a very fun vacation with some friends. You
plan to be at the vacation spot for a full 3 days, not
counting travel time to and from your destination. Thus,
the time you spend traveling to and from your destina-
tion does not factor into whether you’d prefer to drive or
find an alternative mode of transportation.

You will be presented with different scenarios asking
how far you’d be willing to drive for the vacation. The
number of miles that you enter on the page should be the
maximum you’d be willing to drive to go on the vaca-
tion. For example, if you’re willing to drive a maximum
of 500 miles, then we will assume that a trip requiring
501 or more miles of driving would result in you seek-
ing an alternative mode of transportation or not going on
the vacation at all. Finally, assume that you alone are
paying for the fuel to go on the trip. You cannot ask your
friends for money to pay for the fuel. Assume that you
have the same income/savings that you have now and
NO ACCESS to any fuel other than that offered at these
prices. Please answer the questions thoughtfully and
honestly.

At the bottom of each page below the vignette, a text box
allowed participants to report their answers to the following
question: How many miles would you be willing to drive for
the vacation if fuel was $X.XX per gallon? The cost of fuel
progressively increased across subsequent questions for the
three groups; however, progression sizes increased differentially
across the groups. Prices for the three groups progressed in
$0.25, $0.50, or $1.00 increments starting at $0.00 (free) and
ending at $15.00. That is, for the $0.25 group the values includ-
ed $0.00, $0.25, $0.50, $0.75, $1.00, $1.25...815.00. For the
$.50 group the values included $0.00, $0.50, $1.00, $1.50,
$2.00, $2.50...$15, and for the $1.00 group the values included
$0.00, $1.00, $2.00, $3.00, $4.00, $5.00...$15. Qualtrics® Re-
search Suite validation tools required participant responses to be
numerical with a minimum value of 0 for each trial. The next
fuel price trial was presented when a valid response was inputted
and the participant clicked a submit button.

Data Analysis

Given the purposes of the present study were to determine if
the current data could adequately be explained using contem-
porary models of demand and if differences exist in various
measures of demand when using different progression sizes,

data were analyzed using Hursh and Silberberg’s (2008) ex-
ponential model of demand (Eq. 1):

logQ = logQ, + k(e*a'@ﬂ'c)—l) (1)

where Q equals consumption, or how many miles participants
reported they would drive, O, equals baseline consumption or
intensity of demand (i.e., the level of consumption when the
cost of fuel is free), k is the scaling constant equal to the
number of log units of consumption (k=5), and C equals cost,
or the price of fuel per gallon. Finally, « is the parameter
solved for and describes the change in elasticity, or how
consumption changes as a function of cost across the entire
range of prices (note that for the remainder of the paper, we
use « and “elasticity” interchangeably). The parameter Q,
may be solved for when consumption is not empirically
observed when cost is free; however, because we directly
obtained Q, by asking participants how many miles they
would be willing to drive if fuel was free, we constrained Q,
to the reported consumption at that price for each individual
and for group medians. For graphing purposes, we replaced
the lowest cost (C; free) with $0.01. Note that this approach
would affect curve fitting if O, was unconstrained (i.e., a fitted
parameter).

The inverse of parameter « is termed “essential value”
because it quantifies the reinforcing efficacy of the item or
product being consumed across a range of prices. Items or
commodities with a lower essential value are characterized by
relatively high values of o which can be seen by a relatively
steep negatively accelerating function. Items or commodities
with a higher essential value are characterized by relatively
low values of a which can be seen by a relatively shallow
negatively decelerating function. Essential value derived from
the exponential demand function is especially useful as it can
be used to compare reinforcing efficacy across qualitatively
different reinforcers and different magnitudes of the same
reinforcer.

All quantitative analyses were conducted using GraphPad
Prism version 6.03 for Windows, GraphPad Software, La
Jolla, California, USA (www.graphpad.com). Specifically,
the exponential demand functions were obtained using The
Exponential Model of Demand GraphPad Prism template
available from Institutes for Behavior Resources. (www.
ibrinc.org/).

Results

As an initial analysis, we sought to determine whether inten-
sity of demand (Q,. consumption at zero cost or free) differed
as a function of HPT progression size. Any differences in
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intensity of demand across groups would be problematic
considering that Q, was observed during the first trial of the
HPT before participants experienced the independent variable
of differing fuel progression sizes. Such differences would
suggest heterogeneous groups and would confound any addi-
tional quantitative analyses. Median intensity of demand was
equivalent across all three groups (1,000 miles) prohibiting
the need for a formal statistical evaluation. We also compared
individual participants’ intensity of demand across the three
groups. In this analysis, and all subsequent analyses in the
study, we used the Kruskal-Wallis nonparametric analysis of
variance if at least one group featured non-normally distribut-
ed data (according to the D’Agostino and Pearson omnibus
normality test), unless otherwise stated (i.e., relevant data
were normally distributed). There were no significant differ-
ences between groups with respect to intensity of demand
(H=3.87, p=0.14). Thus, intensity of demand appears to be
reliable across the different HPT progression sizes. The lack of
differentiation between groups at the initial cost (free at the
first trial) indicates that the three groups were relatively ho-
mogeneous before experiencing contact with the fuel progres-
sion prices.

Median consumption (in miles driven) values were extract-
ed from each of the three groups for use in Eq. 1 model fitting.
The left panel of Fig. 1 depicts consumption in miles as a
function of fuel price per gallon across the three progression
sizes. A general and systematic decrease in consumption as
fuel prices increased was observed for all three groups. Across
all three groups, elasticity («r) was comparable. For the $0.25
group, a=5.2-107 (R? for overall model fit = 0.60), for the
$0.50 group, a=6.0-10" (R’=0.68), and for the $1.00, o=
4.9-10” (R=0.90). We compared differences in demand elas-
ticity across the three groups using the sum of squares F test
(due to normally distributed data for all groups). No signifi-
cant differences were found (F [2,49] = 0.65, p=0.52). To
determine if there were any differences in demand elasticity at
the individual level, we obtained individual best fit values of v
and compared them across the three groups using the Kruskal-

1000¢ & ~0.00025
g
E 100 . $025; o = 5.26-005 1-0.00020
= e ! 0.00015 z
2 10 s0s0a=60e005] B, : 3
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=1 i Q
B o $100@=4%005F O 000005
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Fuel Price per Gallon HPT Progression Size

Fig. 1 Left panel depicts exponential demand for recreational driving
mileage for each of the three progression size groups. Vertical lines
correspond to normalized P,,,, (see text for details). Right panel depicts
box and whisker plots (5-95 percentile) of elasticity values (<) obtained
from individual participants’ from all three progression size groups

Wallis test. Results indicated there were no significant differ-
ences across groups (H=2.095, p=0.35); see the right panel of
Fig. 1 for a visual representation of the differences in elasticity
across groups. These results suggest that HPTs of differing
progression sizes yield similar levels of elasticity when ana-
lyzing both aggregate median and individual values of
consumption.

Given that all participants were exposed to whole dollar
prices of fuel ($1.00, $2.00, $3.00, etc.), we analyzed partic-
ipants’ responses within each progression size at each $1.00
increment (beginning at $0.01 [free]) by extracting the median
consumption for use in Eq. 1 model fitting. Figure 2 depicts
consumption (in miles driven) as a function of price at $1.00
increments. Across all three groups, essential value was more
similar than in the previous analysis and fits were better. For
the $0.25 group, &=5.1-10" (R’=0.76) and for the $0.50
group, a=5.4-10"° (R?=0.78). Results from the $1.00 progres-
sion group remained at a=4.9-10" (R?=0.90). We compared
these differences in demand elasticity across the three groups
and no significant differences were found (F'[2,22]=0.15, p=
0.86). Additionally, we compared participants’ individual de-
mand elasticity values across the three groups when $1.00
increments were extracted. Results from the Kruskal-Wallis
test yielded no significant differences (H=2.09, p=0.35); see
the right panel of Fig. 2 for a visual representation of the
differences in elasticity across groups when using only the
$1.00 increment values. This analysis suggests that the $1.00
progression size is an efficient and valid means of assessing
demand across a range of prices and yields estimates of
demand that do not differ from model fits using costs between
and including whole dollar amounts.

In addition to comparing how demand elasticity differed as
a function of progression size, we also examined to what
extent normalized P,,,, values differed. To obtain P,,,, values,

91000 w@% ~0.00025
G 100k 5 3025 o-=51e005 X -0.00020 o
o R°=.76 % c<D
= 10.00015
2 10 5050; 0= 546005 B, 8
= & R= 78 L )
= 000010 @
3 . 212?os;g=4.9e-oos ; -0.00005
=0 b 10.00000
001 0.1 1 10  $025 $050  $1.00

Fuel Price per Gallon HPT Progression Size

Fig. 2 Exponential demand data from all three progression size groups
using only $1.00 price increments. Leff panel depicts exponential demand
for recreational driving mileage for each of the three groups. Vertical lines
correspond to normalized P,,,, (see text for details). Right panel depicts
box and whisker plots (5-95 percentile) of elasticity values («) obtained
from individual participants’ from all three progression size groups. Note
that the data comprising the elasticity values for the $1.00 progression
size groups are identical to those depicted in Fig. 1. Despite the similar-
ities between the box and whisker plots in Figs. 1 and 2, these data are
indeed slightly different for the $0.25 and $0.50 progression size groups
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we used the following normalized P, equation (Eq. 2; Hursh
in press):

P = m/(QO'O['kl'S) (2)

where m=0.083%+0.65. The remaining parameters are iden-
tical to those used in Eq. 1. Normalized P,,,, is derived from
Hursh and Silberberg’s (2008) exponential model of demand
and provides a quantitative description of the point at which
consumption changes from inelastic to elastic.

At the group level, using median values, normalized P,
values were 1.83, 1.59, and 1.94 for the $0.25, $0.50, and
$1.00 progression size groups, respectively. When $1.00 pro-
gression size increments were isolated for analysis, median
group normalized P,,,, values were 1.87 and 1.76 for the
$0.25 and $0.50 groups, respectively (normalized P,,,, values
for the $1.00 group remained at 1.94). No significant differ-
ences in normalized P, values between the three progres-
sions size groups were detected when analyzing across partic-
ipants’ P, values (H=3.83, p>0.14). When $1.00 progres-
sion size increments were isolated and normalized P,,,, values
were obtained at the individual level, we again found no
significant differences between the groups (H=4.50, p=
0.10). The left and right panels of Fig. 3 depict differences
in P,,,. when using all fuel prices and those obtained using
analyses isolated to $1.00 increments, respectively. Collec-
tively, these data suggest that demand assessed via each HPT
was unaffected by progression size amounts.

As a final measure of demand, we evaluated the
breakpoint—the smallest price value that yields zero con-
sumption (i.e., miles willing to drive}—for each participant
in each of three progression size groups. Note that this
breakpoint analysis is independent of any theoretical model
of demand functions (i.e., there is no use of nonlinear regres-
sion and curve-fitting to derive the values). Breakpoints were
derived first using all experienced fuel prices and then evalu-
ated using only the $1.00 increments for each group. In each
analysis, a number of participants displayed some willingness
to drive at the highest fuel price ($15.00 per gallon), thereby
preventing analysis of a breakpoint (five participants from the

1500 All Prices $1.00 Increments
§10.00
==Y =PIty = &
0.00

$0f25 $0750 $1f00 $0!25 $0r50 $1100
Progression Size Group

Fig.3 Box and whisker plot (5-95 percentile) of normalized P, values
for each progression size using all prices (left panel) and prices isolated at
$1.00 increments (right panel). Note that the data for the $1.00 progres-
sion size group are identical in both panels and presented concurrently to
permit comparison to the other groups in both price conditions

2000 All Prices $1.00 Increments
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Fig. 4 Box and whisker plot (5-95 percentile) of breakpoints for each
progression size using all prices (left panel) and prices isolated at $1.00
increments (right panel). Note that the data for the $1.00 progression size
group are identical in both panels and presented concurrently to permit
comparison to the other groups in both price conditions

$0.25 group, and seven from the $0.50 and $1.00 groups).
Participants with no demonstrated breakpoint were excluded
from subsequent breakpoint analyses. Using all experienced
prices, median breakpoints were $6.00, $7.00, and $9.00, for
the $0.25, $0.50, and $1.00 progression size groups, respec-
tively; however, group differences were not significant (H=
3.38, p=0.19; see left panel of Fig. 4). When $1.00 progres-
sion size increments were isolated for analysis, median
breakpoints were $6.00, $6.00, and $9.00, for the $0.25,
$0.50, and $1.00 progression size groups, respectively, again
with no significant differences between groups (H=2.77, p=
0.25; see right panel of Fig. 4). These data suggest that
behavioral economic measures of demand independent from
the exponential model yield reliable findings.

Discussion

Demand for recreational driving mileage was assessed in three
groups of undergraduate students across a range of fuel prices.
Fuel price progressions differed across the three groups to
determine the inter-method reliability of the HPT. The inter-
method reliability of the HPT was adequate across each level
of analysis for each demand parameter, extending the litera-
ture on the reliability of the HPT beyond temporal stability
(Few etal. 2012; Murphy et al 2009). Specifically, elasticity of
demand (), P,y and intensity of demand (Q,) were reliable
across all three progression sizes using both median and
individual participants’ best-fit parameters. However, model
fits were generally better using the larger progression size
(median R? values for the $0.25, $0.50, and $1.00 were 0.87
[IQR=0.05], 0.82 [IQR=0.07], and 0.93 [IQR=0.02], respec-
tively), but variability in elasticity was greater (as evidenced in
Fig. 1).

Beyond adding to the growing literature on the psychomet-
ric properties of behavioral economic HPTs for demand anal-
yses, the present study suggests that such HPTs are amenable
for products outside the context of substance use. At both the
median and individual levels, the exponential model of de-
mand adequately fit the HPT data and indicated some degree
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of elasticity. This study indicates that whole dollar prices yield
demand curves equivalent to those with a larger range of costs
including partial dollar amounts. The high degree of reliability
across these analyses indicates that the whole dollar progres-
sion is an efficient solution to quickly assess demand for fuel
in the context of recreational driving. These findings address
Hursh and Roma’s (2013) call for novel demand curve re-
search of public policy concerns and open the door for future
investigations on ways to modulate demand using behavioral
economic concepts. Such behavioral economic solutions
could inform eventual public policy decisions affecting the
entire population of drivers. The ability to quickly obtain
reliable behavioral economic metrics of demand results may
also reduce participant fatigue—associated with a potentially
long and redundant task (e.g., answering 60 near identical
questions in the $0.25 progression size}—which may, in turn,
result in more accurate and valid responses. While this theory
was not formally investigated in this study, our finding that
larger progression sizes yielded better model fits may be an
indication to support this hypothesis; future research should
explicitly explore this notion. Finally, the present study sug-
gests that the HPT may be a viable solution to real-world
problems for which actual price ranges are insufficient in
detecting demand elasticity. In the present case, literature on
the demand for fuel appears strongly inelastic using govern-
mental data on actual prices in both economic (Havranek et al.
2012) and behavioral economic (Reed et al. 2013a, b)
analyses. As suggested by Hursh and Roma (2013), the HPT
may be a way to investigate higher prices than those possibly
or historically experienced in the real market.

This study represents an initial assessment of the psycho-
metric properties of a HPT for a commodity unrelated to
substances of abuse. While the inter-method reliability assess-
ment offers some further confidence in the psychometric
properties of HPTs, restricting our analyses to a novel com-
modity limits our confidence in the generalizability of our
findings. Indeed, providing inter-method reliability of pro-
gression sizes in a cigarette or alcohol HPT (e.g., Jacobs and
Bickel 1999; Murphy and MacKillop 2006) would make a
much more meaningful contribution to the behavioral eco-
nomic literature. We are optimistic, however, that this study
provides a general demonstration of the utility of HPTs for
public policy issues outside the domain of addiction or
pharmacology.

Future research on the psychometric properties and exter-
nal validity of the recreational driving HPT should be in-
formed by previous work on cigarette and alcohol HPTs. For
example, demonstrating differences in demand for fuel be-
tween college-aged recreational drivers and professional
drivers/commuters could provide evidence of divergent valid-
ity (cf. MacKillop et al. 2008). Such findings would inform
policy makers of potential differences in behavioral strategies
targeting the reduction of carbon emissions associated with

driving (e.g., Pritchard 2010). Furthermore, assessment of the
temporal stability (i.e., test-retest reliability) of non-
pharmacological HPTs would offer some degree of generaliz-
ability between HPTs of differing commodities (e.g., Few
et al. 2012; Murphy et al. 2009).

In sum, the present study suggests that HPTs can be ade-
quately translated from the behavioral pharmacology literature
to the applied behavioral economics of public policy issues
(see Hursh and Roma 2013). These findings open the door for
many interesting simulations of behavioral economic ap-
proaches to public policy interventions that are difficult to test
using real-world/experiential procedures. For example, the
medical community has voiced overwhelming support for an
excise tax on sugar-based beverages to drive down demand
without affecting supply (cf. New York City’s large soda ban;
Brownell and Frieden 2009). Existing reviews of actual excise
tax rate influences on soda consumption have featured too
narrow a range of tax rates to yield evidence of demand
elasticity (e.g., Powell et al. 2009; Sturm et al. 2010), neces-
sitating the use of HPTs to identify therapeutic tax levels.
Likewise, the passage of the Patient Protection and Affordable
Care Act of 2010 mandates the inclusion of a 10 % excise tax
on indoor tanning. While this approach to curbing indoor
tanning in an attempt to prevent skin cancer was championed
by many economists and preventative health professionals
(Jain et al. 2012; Williams 2012), the tax rate was not based
on empirical studies and the legislation does not stipulate
whether the consumer or the salon pays the tax. A simulation
of such factors using HPTs could answer these questions and
serve to inform or improve public policy initiatives aimed at
reducing cancer risk conferred by indoor tanning. Despite an
increasingly dense literature on behavioral economic consid-
erations surrounding substance use, the field of behavioral
economics has not yet begun to meet its potential in contrib-
uting to other pressing societal issues. The refinement of HPT
analogs to reliably simulate policy-level interventions is one
small, yet necessary, step toward this goal.
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