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Sequential risk-taking tasks, especially the Balloon Analogue Risk Task (BART), have
proven powerful and useful methods in studying and identifying real-world risk takers. A
natural index in these tasks is the average number of risks the participant takes in a trial (e.g.,
pumps on the balloons), but this is difficult to estimate because some trials terminate early
because of the consequences of those risks (e.g., when the desired number of balloon pumps
exceeds the explosion point). The standard corrective strategy is to use an adjusted score that
ignores such event-terminated trials. Although previous data supports the utility of this
adjusted score, the authors show formally that it is biased. Therefore, the authors developed
an automatic response procedure, in which respondents state at the beginning of each trial
how many risks they wish to take and then observe the sequence of events unfold. A study
comparing this new automatic and the original manual BART shows that the automatic
procedure yields unbiased statistics whereas maintaining the BART’s predictive validity of
substance use. The authors also found that providing respondents with the expected-value-
maximizing strategy and complete trial-by-trial feedback increased the number of risks they
were willing to take during the BART. The authors interpret these results in terms of the
potential utility of the automatic version including shorter administration time, unbiased
behavioral measures, and minimizing motor involvement, which is important in neuroscien-
tific investigations or with clinical populations with motor limitations.
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Laboratory-based gambling tasks are increasingly being
used to study risk-taking behavior among both normal and
clinical populations (e.g., Bechara, Damasio, Damasio, &
Anderson, 1994; Lane, Cherek, Pietras, & Tcheremissine,
2004; Lejuez et al., 2002; Paulus, Rogalsky, Simmons,
Feinstein, & Stein, 2003; Rogers et al., 1999). A common
attribute among these tasks is that they require participants
to make repeated risky decisions often with real money at
stake. This attribute gives rise to several advantages. One is
that, unlike risk propensity scales (e.g., Eysenck, Pearson,
Easting, & Allsopp, 1985; Zuckerman, 1994), these tasks
yield measures derived from actual behavior and therefore
do not require assumptions about accurate self-report and
recall bias, which empirical evidence from cognitive psy-
chology suggests are problematic for risk propensity scales

(see, e.g., Bernstein, Whitttlsea, & Loftus, 2002; Hyman &
Loftus, 1998; Tversky & Kohler, 1994). This advantage
along with promising data from laboratory-based gambling
tasks showing that they can identify real-world risk takers
(e.g., Lejuez et al., 2003; Stout et al., 2005) has led some
researchers to suggest that laboratory-based gambling tasks
are among the best risk assessment measures available in
the clinical literature (see Harrison, Young, Butow, Salkeld,
& Solomon, 2005). Beyond an assessment of risk-taking
propensity, laboratory-based gambling tasks also make it
possible to examine risky decision making at both the
cognitive (e.g., Busemeyer & Stout, 2002; Pleskac, 2008;
Wallsten, Pleskac, & Lejuez, 2005; Yechiam, Busemeyer,
Stout, & Bechara, 2005) and neural level (e.g., Bechara,
Damasio, Damasio, & Lee, 1999; Fecteau et al., 2007;
Leland & Paulus, 2005).

Despite these advantages, there are challenges with lab-
oratory-based gambling tasks. A primary challenge is that
the observed risk-taking behavior during the tasks is partly
a function of the participant and partly [that of] the statis-
tical environment of the tasks. To understand this statement,
consider the sequential risk-taking paradigm (the focus of
this article). This set includes Slovic’s (1966) devil task (see
also Hoffrage Weber, Hertwig, & Chase, 2003); the Balloon
Analogue Risk Task (BART; Lejuez et al., 2002); and the
Angling Risk Tasks (Pleskac, 2008). On any given trial
of any of these tasks, participants must sequentially choose
between a risky play option and a safe stop option. The
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statistical environment is such that one of two events can
occur if respondents choose the risky play option. Either
they (a) win a reward and get another choice or (b) they lose
the gamble, forfeit their winnings for the trial and the trial
ends. If, however, participants choose to stop playing then
they collect their earnings for that trial and the trial ends.
Clearly, how many risks a respondent would have taken on
trials that end in a loss is unobserved. As a result, the risk
propensity measure in these sequential tasks typically is
calculated only on trials in which participants chose to stop
themselves. The resulting adjusted score is the average
number of play options taken on trials for which the partic-
ipant chose to stop (Lejuez et al., 2002). This score, how-
ever, is biased as it rests on an incorrect implicit assumption
that the trial was terminated independent from the behavior
of the participant.

In this article, we formally and empirically establish the
bias of the adjusted score and identify a methodological
solution to eliminate the bias in the form of a new response
mode for sequential risk-taking tasks. Next, we introduce
the basic structure of the sequential risk-taking paradigm,
focusing on the BART, in particular. Then we show for-
mally how the interaction between the statistical environ-
ment of the task and respondents’ risk taking behavior
during the task interact to produce a biased measure of
performance. Finally, using our theoretical understanding of
behavior in this task (see Wallsten et al., 2005), we modify
the standard BART and create a new version (automatic
BART) that produces an unbiased measure of risk taking.
Finally, we present an empirical study that reveals the
magnitude of the bias as well as show that the automatic
version has similar external validity as the standard BART.

The Bias of the Adjusted Score

To be concrete about the problem of the biased behav-
ioral indices in sequential risk-taking tasks, we consider the
specific case of the BART (Lejuez et al., 2002). The prob-
lem and the solution we develop in this paper, however,
applies to all related sequential risk-taking tasks. We chose
to focus on the BART in particular for several reasons. First,
the BART is currently the most widely used and tested
sequential risk-taking task and has been shown to relate to
real-world risk taking (e.g., smoking, illegal drug use, hav-
ing unprotected sex) in a broad range of populations (Aklin,
Lejuez, Zvolensky, Kahler, & Gwadz, 2005; Bornovalova,
Gwadz, Kahler, Aklin, & Lejuez, 2008; Crowley, Raymond,
Mikulich-Gilbertson, Thompson, & Lejuez, 2006; Lejuez et
al., 2002, 2003, 2007; Lejuez, Aklin, Bornovalova, & Mool-
chan, 2005; Lejuez, Simmons, Aklin, Daughters, & Dvir,
2004), with more recent evidence indicating its link to
neurobehavioral correlates of risk behavior (Fecteau et al.,
2007; Fein & Chang, 2008). Second, the BART, in our
opinion, is a more engaging task for adults (our population
of focus) than other sequential risk-taking tasks like the
devil task (Slovic, 1966), which was originally designed and
used with young children (see, e.g., Hoffrage et al., 2003;
Jamieson, 1969; Montgomery, 1974). Finally, the cognitive
processes, which we draw on in our study, are the arguably

the best understood in the BART of all the tasks (see
Pleskac, Yechiam, & Lejuez, 2008; Wallsten et al., 2005).

On each trial of the BART, respondents inflate a simu-
lated balloon presented on a computer screen. The risky
play option is to pump up the balloon (by pressing a “Pump”
button), which if chosen can inflate the balloon and reward
participants with a constant amount of money (typically 5¢)
placed in a temporary bank off the screen. Sometimes,
however, pumping the balloon causes it to explode, which
means respondents lose their accumulated money and the
balloon trial ends. The safe option is to choose to stop
pumping the balloon by pressing a button (labeled as “Col-
lect $$$”), which allows participants to collect their earned
money from the temporary bank and begin another balloon
trial (for more details see Lejuez et al., 2002).

The behavioral statistic most commonly analyzed in the
BART and other sequential risk-taking tasks is the adjusted
score (e.g., Lejuez et al., 2002). It is the mean number of
play (i.e., pump) responses on trials that do not end in an
explosion. The adjusted score can be contrasted with the
unadjusted score, which is the mean number of play re-
sponses on all trials (trials that end with an explosion and
when the participant chooses to stop). The unadjusted score,
however, is a poor index of risk-taking behavior because it
includes trials that ended before the participant chose to
terminate the trial and thus biases the unadjusted score
downward.

To a lesser degree, however, the adjusted score is biased
low as well. This fact is illustrated by considering a third
score: the target score. This score is the average number of
play choices (pumps) respondents would have executed on
all trials, regardless of whether individual trials were termi-
nated by the stochastic gambling environment or by the
participant. The target score is actually the statistic of in-
terest in sequential risk taking tasks because it is an unbi-
ased estimator of how far participants would have pumped
on each trial. The target score is unobservable with the
current response mode in sequential risk taking tasks, which
leaves the adjusted score as the next-best statistic to index
risk-taking behavior. A side-by-side comparison of the tar-
get and adjusted scores reveals that the adjusted score is
based on an assumption that trials ending in failures (ex-
plosions) do so independently of respondents’ behavior.
The independence assumption is incorrect. This is because
in the BART and more generally in all the sequential
risk-taking paradigms the more times respondents choose
the risky option the more likely the trial will terminate with
an explosion (failure). Consequently, the adjusted score
tends to filter out the longer response sequences, which
causes the average adjusted score to be lower than the
average targeted score.

The appendix provides a formal proof that the adjusted
score is always less than the target score. Several observa-
tions should be noted about our proof. First, it does not rely
on any specific assumption about the psychological process
generating choice behavior. Instead, the proof shows that
for any choice process the adjusted score is biased relative
to the target score. Second, the proof holds for a large class
of sequential risk-taking tasks. These include, for example,

556 PLESKAC, WALLSTEN, WANG, AND LEJUEZ



tasks like the BART in which the probability of a failure
increases with each successful play option (see Equation
A8) as well as for tasks in which the probability of a failure
remains constant (see Pleskac, 2008). In fact, the only
property necessary for the adjusted score in the sequential
risk-taking paradigm to be biased is that the probability of a
failure (explosion) is between 0 and 1, exclusive, for all
trials and for each sequential choice. Finally, the proof says
nothing about the magnitude of the bias. The obvious ques-
tion is whether it is large enough to matter for either clinical
testing or research purposes.1

Automatic BART

To assess the magnitude of the bias, the targeted number
of pumps per trial must be made observable. We developed
the automatic BART for this purpose. Instead of sequen-
tially pumping the balloon, as in the standard or manual
paradigm, the automatic BART asks participants to simply
type the target number of pumps they wish to take at the
beginning of a trial. Once they accept this value, partici-
pants watch the balloon as it automatically expands until
either the stated number of pumps is reached or it explodes.
We expected that risk-taking behavior in the automatic
version would be similar to the manual version based on our
knowledge of the cognitive strategy that participants use
during the manual BART. Using formal cognitive models
(Pleskac, 2008; Wallsten et al., 2005) as well as posttask
surveys (Pleskac, 2004), we have found that when complet-
ing the manual BART respondents set a target number of
pumps before each balloon and then pump to that target.
Our working hypothesis was that during the automatic
BART participants would simply enter their already chosen
targeted pump number. A within-subject comparison be-
tween the adjusted and unadjusted scores in the automatic
BART and the manual BART can serve as an initial test of
this prediction. If the cognitive strategies are roughly equiv-
alent between the automatic and manual BART, then the
scores should be statistically equal to those scores in the
standard paradigm. Furthermore, if in fact there is statistical
equivalence between the adjusted and unadjusted scores,
then the difference between the target score in the automatic
paradigm and the adjusted score in the manual paradigm can
serve as an estimate of the magnitude of the bias of the
adjusted score.

To test this prediction and assess the magnitude of the
bias of the adjusted score we conducted a study where
participants completed both the manual and the automatic
versions. As a further check on the similarity of the two
paradigms, we compared correlations with a subset of self-
report measures that are related to the adjusted BART score.
In the study, we included indices of (a) overall self-reported
substance use, (b) sensation-seeking, and (c) impulsivity. In
addition, we obtained (d) an anxiety measure hypothesized
to be negatively related to the adjusted BART score (Loe-
wenstein, Weber, Hsee, & Welch, 2001; Manes et al., 2002;
Reiss, Peterson, Gursky, & Mcnally, 1986), and (e) a mea-
sure of depressive symptoms as an indicator of divergent
validity (Lejuez et al., 2002).

Increasing the Number of Risky Responses

Finally, in the study we also addressed a second limita-
tion of the original work with the BART. Specifically,
almost all respondents—real world risk takers and risk
avoiders—rarely choose to play the risky option enough
during a given trial so as to maximize their expected earn-
ings. For example, in the BART participants on average
choose to play the risky option approximately 30 times
when they should do so on average 64 times to maximize
their expected earnings.2 Choosing the risky option more or
less than 64 times per trial will decrease expected earnings
and the earnings become less and less as the distance
from 64 pumps increases (see Lejuez et al., 2002; Pleskac,
2008; Wallsten et al., 2005). As a result, in past studies
those participants who were more risk-seeking in the task
(pumping closer to 64 times per balloon but not more than
64) tend to earn more. In other words, risk-taking in the task
has been confounded with earning more money. This pat-
tern of behavior may be problematic if interventions and/or
experimental manipulations, such as stress induction or
drug administration, are used to alter behavior in the BART
so that increasing risk-taking also increases earnings. Past
results show that extensive experience with the task does
not appreciably change risk taking in the task (Lejuez et al.,
2003). Therefore, in addition to removing the bias in the risk
taking measure, we attempted to increase responding by (a)
altering the instructions for both versions to give partici-
pants explicit instructions about the best decision strategy to
use during the BART and (b) providing explicit event
feedback on all trials (details in both cases are provided in
the method section).

Method

Participants

Participants were 75 undergraduate students at the Uni-
versity of Maryland, College Park (34 female and 41 male;
M age � 20.9; SD � 2.05). Fifty-three percent described
themselves as White, 32% as Black or African American,
8% as Asian or Southeast Asian, 5% as Hispanic or Latino,
and the remaining 2% marked “Other” or chose not to
respond to the question. Participants completed a set of
questionnaires, reported past real-world risky behavior, and
played both the manual and the automatic versions of the
BART. Participants were paid between $10 and $25 de-
pending on their final scores. The specific amount was
scaled from the overall earnings in both versions.

1 Note one way to answer this question would be to model the
distribution P�y� as we did in Wallsten et al. (2005) or in Pleskac
(2008). However in that case, the validity of the estimated mag-
nitude of the bias depends on the validity of the model. Thus, we
leave the theoretical result as it stands and turn to an empirical
assessment of the magnitude of the bias in the BART.

2 This maximizing strategy assumes the goal of participants is to
maximize expected value (as opposed to utility) and they have full
knowledge of the structure of the task (see Pleskac, 2008).
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Our exclusive use of college students is worth noting
before proceeding. As outlined by Tull, Patterson, Borno-
valova, Hopko, and Lejuez (2008), and in line with original
development work with the BART, we chose to study
college students instead of a clinical sample because we are
interested in risk taking propensity as a vulnerability to
risky substance use and wanted to limit any possible con-
founds chronic substance use might involve. Also in line
with our original development work with the BART, this
more narrow focus will then set the stage for an extension to
clinical samples in future work.

Materials and Apparatus

Self-Report Measures

The self-report battery included measures to assess con-
vergent validity with risk-related measures (i.e., positive
relationship with sensation seeking and impulsivity) and
anxiety (i.e., negative relationship with anxiety sensitivity),
a measure to establish divergent validity (depression), and a
criterion measure of substance use.

Sensation Seeking Scale. The Sensation Seeking Scale
(Zuckerman, Eysenck, & Eysenck, 1978) examines optimal
levels of stimulation. This 40-item questionnaire presents
participants with forced choices between two opposite state-
ments to determine the degree to which people seek varied,
novel, complex, intense situations and experiences (Zuck-
erman, 1994). This instrument has excellent psychometric
properties with internal consistencies ranging from .83 to
.86 (Zuckerman, 1994; Zuckerman et al., 1978).

Eysenck Impulsivity Subscale. The Impulsivity subscale
of the Eysenck Impulsiveness Scale includes 19 forced
choice (yes or no) items, with higher scores indicating
greater levels of impulsivity. Internal consistency for the
subscale is good (� � .84; Eysenck et al., 1985), and is
consistent across males and females.

Anxiety Sensitivity Index (ASI). The ASI is a 16-item
self-report questionnaire using a 5 point Likert scale ranging
from 0 (very little) to 4 (very much) designed to assess the
degree to which an individual is concerned about the pos-
sible and negative consequences of arousal-based anxiety
symptoms. The ASI has high levels of internal consistency
(� � .79-.90; Peterson & Reiss, 1992).

Center for Epidemiological Studies – Depression Scale
(CES-D). The CES-D is a short self-report scale designed
to measure individual’s depressive symptomatology over
the immediately prior past 2 weeks. Alpha reliabilities for
the CES-D are .80 or higher depending on the sample
(Radloff, 1977). Scores of 16 and above indicate high
depressive symptoms.

Risky Substance Use Behaviors

Alcohol was assessed as lifetime heaviest frequency of
binge drinking. In line with its assessment on the Alcohol
Use Disorders Identification Test (AUDIT; Saunders, Aas-
land, Babor, de la Fuente, & Grant, 1993), binge drinking
was defined as five drinks in one time period for men and

four drinks for women. Never was scored as 0, once as 1,
less than monthly as 2, 2–4 times per month as 3, 2–3 times
per week as 4, and 4 or more days per week as 5. Binge
drinking was used instead of a simple frequency measure to
tap more closely the risky aspect of alcohol use. Both
nicotine and marijuana were assessed as lifetime heaviest
frequency of use along the same 0–5 scale with any use per
day being the critical event. Other drug use was assessed as
number of drug classes ever used across stimulants (e.g.,
cocaine, amphetamine, meth), CNS depressants (e.g., seda-
tives, heroin), and hallucinogens (e.g., ecstacy, PCP). Any
use was assessed instead of frequency because of low fre-
quency across each, and the resulting high negative skew.
Given high internal consistency in the current sample across
these 4 items [lifetime heaviest frequency of binge drinking
(0–5), lifetime heaviest frequency of nicotine use (0–5),
lifetime heaviest frequency of marijuana use (0–5), and
lifetime use of other drug classes across stimulants, CNS
depressants, and hallucinogens (0–3); � � .81], and con-
sistent with the assessment of risky substance use in previ-
ous BART studies (e.g., Lejuez et al., 2002), we formed a
composite measure of lifetime risky substance use by con-
verting each of the four items to z-scores and summing
these z scores.

Manual and automatic BART. In both versions the
maximum number of pumps possible was set to 128 for
each balloon with an explosion a priori equally likely to
occur on any given pump subject to the constraint that
within each sequence of 10 balloons the average explosion
point was on pump 64. All participants saw the same
balloons in the same order to limit extraneous variability.

In comparing the manual and automatic versions of the
BART, we made two changes from the standard BART
paradigm. One was to (truthfully) inform participants that
they could earn the most money on average if they
pumped 64 times on each trial (see Lejuez et al., 2002). The
primary purpose of this instruction was to attempt to in-
crease the number of times participants choose the risky
option during the BART. In addition, it served to minimize
learning across the paradigms. Their instructions read in
part:

The explosion point varies across balloons, ranging from the
first pump to the 128th pump. The ideal number of pumps
is 64. What that means is that if you were to make the same
number of pumps on every balloon, your best strategy would
be to make 64 pumps for every balloon. This would give you
the most money over a long period of time. However, the
actual number of pumps for any particular balloon will vary,
so the best overall strategy may not be the best strategy for
any one balloon.

The second change was to inform participants of the
pump on which the balloon would have exploded on trials
that they successfully terminated. The effect of this change
was to provide event feedback on all trials, not just on those
ending in explosions.

The manual BART proceeded as described earlier. A trial
began with a balloon and the pump and collect response
buttons on the screen; and the participant pumped until
deciding to stop or the balloon exploded. In the automatic
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condition, the balloon appeared on the screen along with a
single box in which the participant entered the number of
pumps he or she wanted to wanted to use. The balloon then
automatically inflated to that number unless it exploded
sooner. In both tasks, a pump inflated the balloon and when
an explosion occurred a “pop” sound was emitted from the
computer.

Procedure

Participants were recruited via advertisements across the
University of Maryland campus. Although the advertise-
ment invited individuals at all levels of risk, we also used
the phrase “Are you a risk taker?” to increase the likelihood
of recruiting a representative number of individuals at the
upper end of the risk-taking continuum. Aside from under-
graduate status, no other inclusion/exclusion criteria were
used.

Upon arrival at the laboratory and after giving informed
consent, participants completed two packets of self-report
assessment measures and the two versions of the BART.
The order of the manual BART and automatic BART, as
well as the questionnaires was counterbalanced. The entire
session lasted approximately 1 hour.

Results

Figure 1 displays the average unadjusted and adjusted
scores for both the manual and automatic conditions as well
as the target score for the automatic condition. Recall that in
the manual paradigm the unadjusted score is the average
number of pumps taken on all balloons. The adjusted score
is the average number of pumps taken on only the balloons
that did not end in an explosion. These same measures can
be inferred in the automatic paradigm from the participants’
responses and the actual point of explosion of the balloons.
Finally, the target score is the average stated number of pumps

for all balloons, which is observable only in the automatic
condition. Note that within each response mode, the unad-
justed scores are about 9 to 12 pumps less than the adjusted,
which is consistent with the premise that the unadjusted
score is a poor estimator for the target score.

For both the adjusted and unadjusted scores, we ran a
mixed model analysis of variance where the between groups
factor was gender and the within factor was the response
mode (adjusted and manual). As Figure 1 shows whether we
use adjusted (F(1, 73) � 7.9, p � .01 MSE � 246.9, �p

2 �
.10), unadjusted (F(1, 73) � 6.5, p � .05, MSE � 81.2,
�p

2 � .08), or the target score, t(73) � 2.5, p � .05, d � .41,
females were more risk averse than males. Figure 1 also
shows, consistent with our a priori prediction, that the adjusted
(F(1, 73) � 2.44, ns, MSE � 48.5) and the unadjusted (F(1,
73) � .72, ns, MSE � 29.4) scores are statistically equivalent
across the two conditions. Importantly, the interaction be-
tween gender and response mode was not significant for
both the adjusted (F(1, 73) � 1.22, ns, MSE � 48.5) and the
unadjusted (F(1, 73) � .78, ns, MSE � 29.4) scores. These
results imply that (a) the change in response procedure did
not change participants’ risk-taking behavior and that (b)
regardless of response mode females were more risk averse
than males. As further evidence of this statistical equiva-
lence of the two different response modes, the linear corre-
lation between the adjusted scores for the manual and au-
tomatic condition across genders was r � .71, p � .01.

The adjusted scores across genders (M � 53.6 in the
manual and M � 55.5 in the auto) are also higher than the
average of M � 30.4 obtained across prior studies (N �
448; SE � 2.2; 95% CI � 26.0 � score �34.6) (see Aklin
et al., 2005; Crowley et al., 2006; Jones & Lejuez, 2005;
Lejuez et al., 2005; Lejuez et al., 2002, 2003). The change
is undoubtedly because of the combined effects of providing
optimal instructions and full feedback.

Figure 1. The adjusted, unadjusted, and target scores in the manual and automatic conditions. The
unadjusted score is the average number of pumps taken on all balloons, and this score is observed
in the manual paradigm and inferred in the automatic. The adjusted score is the average number of
pumps taken on only the balloons that did not end in an explosion. The target score is the average
stated number of pumps for all balloons in the automatic condition. The values in the figures are the
means. Error bars indicate �1 SE.
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Returning to comparisons of the automatic and manual
conditions, as a further check on the similarity of the two
paradigms, we compared the linear correlations of the self-
report measures with the target scores in the automatic
condition and with the adjusted scores in the manual con-
dition each. The results are shown in Table 1. The pattern is
virtually identical for the two different response modes
implying the external validity of the BART is not compro-
mised by the new automatic response procedure.3

The results summarized in Figure 1 and Table 1 provide
no evidence that participants adopted different response
strategies in the automatic versus the manual condition.
That conclusion and the fact that there were a substantial
number of trials that ended in an explosion for the manual
(M � 13.7; Mdn � 13.0; SD � 3.4) and automatic version
(M � 14.1; Mdn � 14.0; SD � 2.8) permits us to estimate
the size of the bias in the adjusted score in either condition.
Because gender did not interact with performance between
the automatic and manual BART we collapsed across gen-
der for all subsequent analyses. Comparing the adjusted
scores to the target score in the automatic reveals a signif-
icant 4.9 pump bias, t(74) � 8.9, p � .01, d � .31 in the
automatic condition and a 7.0 pump bias in the manual,
t(74) � 5.3, p � .01, d � .26, respectively.

Empirically, the automatic response procedure has two
further potential advantages over the manual response pro-
cedure. First, as we have already discussed, the automatic
procedure makes the intended pumping behavior observable
on the balloon trials that ended in an explosion. These trials
are potentially quite interesting because these were the trials
when respondents were on average the most risk seeking.
On exploding balloons during automatic BART respondents
wanted to pump on average 65.9 (SD � 10.8) times. This
was significantly more than the nonexploding balloons in
the automatic condition, t(73) � 8.8, p � .01, d � .67 and
manual condition, t(73) � 7.7, p � .01, d � .50.4 A final
advantage of the automatic BART is that the task takes less
time to administer. On average the automatic BART
took 3.5 minutes (Mdn � 3.2, SD � 1.5) while the manual
BART took twice as long (M � 7.1, Mdn � 6.8, SD � 1.9),
t(74) � 14.2, p � .01, d � 1.5.

Discussion

Sequential risk-taking tasks are a powerful tool for iden-
tifying and studying real world risk-taking. There are, how-
ever, two challenges in using and interpreting the results
from these tasks. The first challenge is that behavior in such
tasks often terminates before the so-called optimal stopping
point is reached. For example, pumping behavior in the
BART is typically well beneath the maximizing value of 64
pumps. This behavioral pattern can lead to problems in
interpreting levels of and changes to risk taking during the
task might mean. A second limitation for sequential risk
taking tasks has been that some of the trials end in a failure
and consequently how many more risks participants in-
tended to take on those trials is left unobserved. As a
solution to this problem, researchers have begun using an
adjusted score as a measure of risk taking behavior. This

score is the average number of risks participants took on
trials that did not end in a failure. However, we have shown
that this solution introduces its own problems. In particular,
the adjusted score is a biased estimate of how many risks
participants intended take on all the trials. In this paper, we
directly addressed these limitations of sequential risk-taking
tasks and identified possible solutions for them. We first
consider the issue of less than maximizing behavior in
sequential risk taking tasks and then turn to the issue of the
biased adjusted score.

A Solution for Less Than Maximizing Behavior in
the BART

Past studies with the BART have shown that participants
typically exhibit adjusted scores between 26 and 35 pumps.
A concern about this level of pumping in the BART is that
manipulations hypothesized to increase risk taking in the
BART (e.g., stress induction or drug administration) would
cause respondents to make more money and thus confound
an increase in risk taking with performing more optimally in
the task. Based on the hypothesis that the low pumping
behavior might be the result of insufficient experience with
the BART past research investigated whether increasing the
number of trials from 30 to 90 trials would eliminate the
problem (see Lejuez et al., 2003). The increase in trials had
little to no effect. In this paper, we took two alternative steps
to address this problem. One was to modify the instructions
to tell participants that the expected-value maximizing strat-
egy is to pump 64 times on each trial. The other was to
provide event feedback on trials ending in explosions as
well as on trials terminated by the respondent. These
changes addressed the problem directly and were success-
ful. Indeed, the average target score of 61 approached the
expected-value maximizing strategy of 64 pumps. In
fact, 29 out of 75 (39%) of the participants had mean target
scores greater than 64, and thereby earned less than their
counterparts who were closer to 64 pumps on average.
Future work should address which of these changes (in-
structions, feedback, or the automatic response mode) have
a larger effect in moving behavior closer to the maximizing
goal.

A Solution for the Bias of the Adjusted Score

In terms of the bias of the adjusted score we have shown
both formally and empirically that this adjustment still
yields a measure of risk taking that is a biased estimator of
the parameter of interest: the targeted pumps on all balloons.
Although the bias in the adjusted score is less than the bias
of the unadjusted score, it is nevertheless still present. The
precise amount of bias, of course, will vary with experi-

3 Similar correlational patterns were observed with the adjusted
scores from the automatic condition.

4 A computer error prevented us from calculating the standard
deviations and the average targeted pumps entered on nonexplod-
ing balloons for one participant.
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mental conditions, and might not be constant over the full
range of possible scores, but we know from our formal
proof (see Appendix) that it will never be zero. Moreover,
because the proof is so general, we know that the bias exists
to some degree for all sequential risk-taking tasks, such as
Slovic’s devil task or the Angling Risk Tasks (Pleskac,
2008), so long as the task is in fact risky (i.e., the probability
of a success or a failure is between 0 and 1 exclusive).

Empirically, the Cohen’s d estimates imply that the bias
of the adjusted score in this study is a small to medium sized
effect. The size of the effect may be larger or smaller in
other tasks, depending on their exact parameters. Even a
small to medium bias, however, can have consequences. For
example, conclusions and/or diagnoses that depend on the
numerical magnitude of the adjusted BART score may be
especially vulnerable to this bias (e.g., classifying people as
risk averse or risk seeking according to whether their ad-
justed score exceeds some threshold value).

We have also put forth a solution to the problem of the
bias of the adjusted score in the form of an automatic
response mode for sequential risk-taking tasks. This re-
sponse mode makes participant’s intended number of re-
sponses on each trial observable and thus circumvents the
necessity of calculating the adjusted score in the first place.
This methodological solution is of course applicable to all
sequential risk-taking tasks. We see this a priori method-
ological solution as a better alternative than the enlistment
of an after-the-fact statistical correction as is commonly
recommended for situations plagued by missing data (e.g.,
Little & Rubin, 2002; Schafer & Graham, 2002). Statistical
corrections carry their own set of assumptions, the validity
of which determines the validity of the correction (Schafer
& Graham, 2002).

Another alternative to avoid the bias is to implement a
deceptive strategy originally advocated with sequential risk
taking tasks (see Jamieson, 1969; Montgomery, 1974;
Slovic, 1966). The strategy was to tell respondents a failure
could occur after any one of their choices to play the gamble
(e.g., pump the balloon in the BART), but the failure event
is set to occur after the very last possible sequential choice
(e.g., 128 in our study). We, however, believe the deceptive
component of this strategy makes it less attractive than
the automatic response mode, especially in cases of multiple
trials where the respondent is likely to learn the true explo-
sion pattern.

An advantage of the automatic response mode is that it
corresponds with the strategy respondents use to complete
the manual BART (see Pleskac, 2008; Wallsten et al.,
2005). Specifically, using formal models of the respondents’
underlying cognitive processes, these authors showed that
during the manual BART respondents set a target number of
pumps before each balloon and then stochastically pumped
to that target. Indeed as further evidence of this correspon-
dence, we found that the change from a manual to an
automatic response procedure does not appear to change
behavior in the BART.

Despite this at least surface level correspondence be-
tween the two different response modes, there may still be
cognitive or emotional differences between the two re-
sponse modes, which may affect the ability of the BART (or
any other sequential risk taking task) implemented with an
automatic response mode to predict real world-risk taking.
For instance, one might hypothesize that the automatic
response mode removes an aspect of impulsivity from the
response procedure. This may be a crucial element as im-
pulsivity and/or inhibitory control are typically thought to
be a crucial aspect of drug-use (Fillmore & Rush, 2002;
Fillmore, Rush, & Hays, 2002). Similarly, others may con-
tend that the automatic procedure taps a completely differ-
ent cognitive process—a more analytical mode of process-
ing (Kahneman, 2003; Sloman, 2002; Stanovich & West,
2000)—that also may affect its clinical diagnosticity (but
see Reyna & Farley, 2006). These are all possible hypoth-
eses that deserve future attention. The current data, how-
ever, suggest that these alternatives are not at play or at least
have a minimal impact on the observed risk taking behavior.

Limitations and Future Directions

A few limitations of this work should be noted. First, we did
not test the automatic and manual versions with the typical
instructions that do not explain the maximizing strategy and
with conditions involving feedback only on task-terminated
trials. Instead we relied on the fact that the manual BART
already is well characterized with the noninformative instruc-
tion set and asymmetrical feedback condition (see, e.g., Aklin
et al., 2005; Crowley et al., 2006; Jones & Lejuez, 2005;
Lejuez et al., 2005; Lejuez et al., 2002, 2003). Nevertheless,
further tests of the automatic BART should utilize a between
groups design to understand more fully the role of these

Table 1
Linear Correlations Between Substance Use, the Target Score for the Automatic Condition, the Adjusted Score for the
Manual Condition and Self-Report Measures

Ave. (SD) Substance use Gender Automatic Manual Sensation seeking Impulsivity Anxiety

Gender .45 (—) �.10
Automatic 60.4 (10.8) .28� .28�

Manual 53.6 (13.9) .32�� .31� .62��

Sensation seeking 20.6 (6.9) .53�� .25� .33�� .28�

Impulsivity 7.6 (4.1) .21 .21 .17 .06 .37��

Anxiety 34.2 (8.2) �.09 �.20 �.30�� �.31� �.26� .06
Depression 14.0 (9.5) .06 �.16 .13 �.02 �.05 .21 .36��

Note. � p � .05. �� p � .01.
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changes. A second limitation is that our use of a college sample
may restrict the generalizability of our results. Certainly, future
work should seek to investigate the robustness and applicabil-
ity of our results to risk taking in other populations. Despite
this limitation, the fact that both the automatic and manual
exhibited a similar level of association with substance use
suggests that either task is equally capable of identifying indi-
viduals with a propensity or vulnerability to engage in risky
substance use.

Despite these limitations, this new version of the BART has
at least three advantages over the manual version. First, it
makes use of the responses from all trials rather than from a
subset, thereby increasing the reliability of the data. Second,
the distribution of target scores from the automatic BART
contains more information than the adjusted score distribu-
tions, revealing intended pumping behavior for exploding bal-
loons. Third and finally, the sessions are relatively quick and
carry less motor requirements (entering a single number vs.
clicking a button). This last fact makes the automatic BART an
excellent paradigm to use in studies that benefit from such
characteristics, such as those involving neuroimaging or with
clinical populations with motor limitations.
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Appendix

A Formal Proof of the Bias of Adjusted Scores in Sequential Risk-Taking Tasks

To formally prove that the adjusted score used in the sequential
risk-taking paradigm introduces a bias, let S denote a trial that ends
in a success (S) (e.g., no explosion), and P�S� the proportion of
successful trials in a session. Let the target score Y be the random
variable that would be observed if decision makers’ response
sequences were not terminated (by an explosion) on each trial. The
score Y is the behavioral measure of interest because it character-
izes the respondents risk taking for all trials during the task.
However, in the standard paradigm this variable is latent because
Y is not observed on trials that end in a failure (explosion).
Theoretically, the score Y can range between 0 and infinity, but
practically for the sequential risk-taking tasks studied here it will
be limited to n, the maximum number of possible play options that
can be chosen on a given trial. The distribution over Y, P�y�, is
defined over the non-negative integers with the usual restrictions
that 0 � P�y� � 1 and �y � 0

n P�y� � 1. We denote the expected
target score as E�y�. Only trials that end in success S contribute to
the adjusted score. The expected adjusted score is E�y�S� and its
distribution is P�y�S�. By definition, the adjusted score is biased if
E�y�S� 	 E�y�. Our proof shows that in fact E(y�S) � E(y).

Bayes’ Rule specifies the relationship between P�y
S� and P�y�.
Specifically,

P�y�S� �
P�S�y�P�y�

P�S�
(A1)

where

P�S� � �y� � 0
n P�S�y��P�y��. (A2)

From Equation A1 it is apparent that

P�y�S� �� P�y� if P�S�y�/P�S� � 1
� P�y� if P�S�y�/P�S� � 1
� P�Y� if P�S�y�/P�S� � 1

. (A3)

Because Y and therefore the distribution P�y� are unobservable
in the standard paradigm, it is not possible to derive the exact
relationship between it and P(y�S). We can prove, nevertheless,
that P(y�S) shifts down over y relative to P(y) making lower values
of y more likely for P(y�S), and therefore that expected adjusted
scores always are less than expected target scores. That is,

E�y�S� � �y � 0
n P�y�S�y � E�y� � �y � 0

n P�y�y. (A4)

To do so we have to find for what values of y the ratio
P�S�y�/P�S� is less than, equal to, or greater than one.

Let pi denote the probability that response i is successful. We
assume only that pi � 1 (otherwise the situation is not risky).
Therefore, the probability that y responses will end in success is

P�S�y� � � i � 1
y pi.

As a consequence,

P�S�y�3 0 as y3 �. (A5)

Next we define y� as the unique value of y at which P(S�y) � P(y).
Because P(S) is constant for any n (Equation A2), and because P(S�y)
decreases monotonically (Equation A5), it follows that

P�S�y�

P�S� � � 1 if y � y�

� 1 if y � y�

� 1 if y � y�
. (A6)

Rewriting Equation A3 using Equation A6,

P�y�S� � � P�y� if y � y�

� P�y� if y � y�

� P�y� if y � y�
. (A7)

In words, low values of y are more likely when conditioning on
successful trials than unconditionally and high values are less
likely; or, as we wrote above, the distribution over y is shifted
downward when calculating the adjusted score relative to the
target score. From Equation A4, then, it follows that E�y�S� � E(y)
and the adjusted score is biased low.

Note that this bias applies to sequential risk taking tasks like the
BART where

pi �
n � i

n � i � 1
. (A8)

It also applies to a broader range of sequent risk-taking para-
digms with any stochastic environment that makes a failure (ex-
plosion) statistically possible (0 � p � 1) on each trial.
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