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ABSTRACT
Several investigations have found that prisoners are more likely than nonprisoners to engage in risky behavior, which may contribute to their
propensity to commit criminal offenses. However, this research has been limited by an almost exclusive focus on male samples. Given the
established link between risk taking and gender, it is thus unclear how ﬁndings on the risk-taking propensities of prisoners also hold in women.
The present study uses both a self-report questionnaire (Domain-Speciﬁc Risk Taking scale, DOSPERT) and a behavioral task (Balloon
Analogue Risk Task, BART) to investigate risk-taking tendencies in a Chinese prisoner group and a nonprisoner control group with balanced
gender proportions. Across both genders, prisoners both indicated a higher risk-taking tendency on the DOSPERT and showed more risktaking behavior on the BART than did nonprisoners. Importantly, the differences were considerably more pronounced in women than in
men. Relative to nonprisoners, gender differences in risk taking were substantially smaller, or even reversed, in prisoners. Computational
modeling of respondents’ behavior in the BART revealed that the prisoners had higher reward sensitivity and lower response consistency than
the nonprisoners; these differences were again more pronounced among women. Our results suggest that previous studies based primarily on
male prisoners may have underestimated differences in risk taking between prisoners and nonprisoners, and that female prisoners may represent an even more extreme subpopulation than male prisoners. Copyright © 2015 John Wiley & Sons, Ltd.
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Crime represents a major issue worldwide. In the US alone,
the annual cost of criminal acts has been estimated to exceed
$1 trillion (Anderson, 1999). Who are the people committing
these illegal acts? Do they differ from noncriminals in their
tendency to take risks, as several theories of crime suggest
(e.g., Becker, 1968; Gottfredson & Hirschi, 1990; Lombroso,
1911/2005)? Importantly, given that risk-taking behavior often differs between men and women (e.g., Byrnes, Miller and
Schafer, 1999), do the same patterns hold across genders? To
address these questions, we report a study comparing risk
taking in prisoners and nonprisoners, using a sample with
balanced gender proportions. We assess risk taking using
both a self-report instrument and a behavioral task. The possible psychological mechanisms underlying the behavioral
measure of risk taking are further decomposed using computational modeling.
Previous studies have found that prisoners are more likely
to engage in substance abuse, unsafe sex, and gambling than
are nonprisoners (Fazel, Bains, & Doll, 2006; Frost &
Tchertkov, 2002; Hanoch & Gummerum, 2011; Lahn,
2005). They also have higher levels of sensation seeking
(Wilson & Daly, 2006) and impulsivity (Hanoch,
Gummerum, & Rolison, 2012), characteristics that are related to risk taking. In addition, prisoners score higher on instruments speciﬁcally developed to measure the tendency to
take risks. A popular self-report tool is the Domain-Speciﬁc
Risk Taking scale (DOSPERT; Blais & Weber, 2006; We-
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ber, Blais, & Betz, 2002), which measures risk taking in ethical, ﬁnancial, health and safety, recreational, and social
domains. Using the DOSPERT, Hanoch and Gummerum
(2011) have found that prisoners have a higher tendency than
nonprisoners to take health and safety risks.
Beyond self-report measures such as the DOSPERT, prisoners have also been shown to have a higher risk-taking propensity in behavioral tasks, such as choices between
monetary lotteries (Block & Gerety, 1995; Pachur, Hanoch,
& Gummerum, 2010). Using cumulative prospect theory
(Tversky & Kahneman, 1992) as a computational model to
decompose the cognitive and motivational factors underlying
differences in choice behavior between prisoners and
nonprisoners, Pachur et al. (2010) found that prisoners were
less sensitive to differences in outcomes and to differences
in the probability of gains and showed higher loss aversion.
Although a popular method to measure risk-taking propensity, tasks asking for a choice between monetary lotteries
have been criticized for their static nature and failure to
involve the dynamic and affective dimensions (e.g., tension
and hope) that often accompany naturalistic risky behaviors
(Schonberg, Fox, & Poldrack, 2011). A behavioral task that
does approximate the dynamic nature of risk taking is the
Balloon Analogue Risk Task (BART; Lejuez et al., 2002).
In this task, the decision maker is presented with a balloon
on a computer screen and asked to pump it up by clicking
a button. With each click, the balloon inﬂates to some extent,
and money is added to the participant’s temporary winnings.
However, the balloon may also explode, in which case all the
money accrued in the trial is lost. The probability of the balloon exploding increases the more often it is pumped, and the
decision maker has to learn that probability in order to perform well. Behavior in the BART (i.e., how many pumps
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are made at each trial) has been shown to predict real-life risk
taking, such as unsafe driving, unprotected sex, substance
abuse, and gambling (Lejuez et al., 2002). Importantly for
the present context, behavior on the BART has also been
found to correlate with the self-reported number of occasions
of stealing (Wallsten, Pleskac, & Lejuez, 2005). However,
we are not aware of studies that have used the task to study
differences between prisoners and nonprisoners.
One major limitation of previous studies on risk taking in
prisoners is that, with few exceptions, they have focused exclusively on males—perhaps because it is predominantly
men who commit crimes and therefore constitute the large
majority of the prison population. Nevertheless, women
represent a substantial proportion of the prison population
(e.g., around 13% in the U.S.; Sabol, Minton, & Harrison,
2007), increasing by almost 650% from 1980 to 2010
(Guerino, Harrison, & Sabol, 2011). It is currently unclear to
what extent the pattern of differences in risk taking observed
between male prisoners and nonprisoners holds across genders.
Why might gender matter? In nonprisoner populations,
women are generally more risk-averse than men (Byrnes
et al., 1999). These differences are often explained by reference to gender differences in testosterone levels, which have
been implicated in various forms of risk taking (Archer,
2004; Coates & Herbert, 2009; Eisenegger, Haushofer, &
Fehr, 2011; Sapienza, Zingales, & Maestripieri, 2009). Interestingly, testosterone levels may also mediate risk-taking differences in the context of crime. For instance, the second to
fourth digit ratio, a marker of exposure to testosterone, is
lower in male offenders than nonoffenders, indicating higher
testosterone levels in offenders (Hanoch et al., 2012). Moreover, testosterone has been linked to crime and prison violence in both men and women (Dabbs, Carr, Frady, &
Riad, 1995; Dabbs & Hargrove, 1997; Dabbs, Ruback,
Frady, Hopper, & Sgoutas, 1988). Given the potentially
common inﬂuence of testosterone on differences in risk taking both between men and women and between prisoners
and nonprisoners, it seems important to consider the two factors simultaneously. For instance, given women’s lower testosterone levels, differences between prisoners and
nonprisoners may be smaller in women than in men. Alternatively, given that women tend to be less risk taking than men
and that criminal behavior may occur only with extremely
high levels of risk-taking propensity, the differences could
be more pronounced in females; it is thus possible that female prisoners represent a more extreme subpopulation than
male prisoners. Because the literature on risk taking among
prisoners has previously focused on males, the aim of this
study was to examine risk taking in prisoners, as compared
with a control group of nonprisoners, with a special emphasis
on the potentially moderating role of gender.

The present study
We analyzed risk attitudes and behavior of male and female
prisoners in a Chinese prison, asking whether prisoners differ
from nonprisoners and whether there are any gender differences. To this end, we applied two popular methods, the
DOSPERT scale (Blais & Weber, 2006) and the BART
Copyright © 2015 John Wiley & Sons, Ltd.
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(Lejuez et al., 2002). Moreover, we used computational
modeling to decompose the psychological mechanisms underlying risky behavior (for a discussion, see Glöckner &
Pachur, 2012; Scheibehenne & Pachur, 2014), as reﬂected
in individual differences in the BART. Speciﬁcally, we ﬁtted
the Bayesian Sequential Risk-taking model (BSR; Pleskac,
2008; Wallsten et al., 2005) to each individual participant’s
responses in this task.1 The BSR assumes that behavior in
the BART is primarily a function of three cognitive
processes: learning about the probability of an explosion,
evaluation of the rewards obtained during the trials, and response selection. A detailed formal description of the model
can be found in Appendix B. In a nutshell, the BSR has four
free parameters that can be estimated from the data: a1 and
b1, from which a parameter indicating the initial belief about
the probability of an explosion (^
q 1 ), as well as a parameter
indicating the learning rate (δ) are derived; a reward sensitivity parameter γ+; and a response sensitivity parameter β
indicating how closely the predicted probability of choosing
a particular response follows the subjective valuation of the
response option. Table 1 gives an overview of the components of the BSR.

METHOD
Participants
The prisoner group consisted of 40 adults being held in a medium security prison in China: 20 male inmates, ranging in
age from 29 to 56 years (M = 44.6 years, SD = 8.29), and 20
female inmates, ranging from 37 to 58 years of age
(M = 47.05 years, SD = 6.13), who volunteered to participate
in the study. Their sentences ranged from 2 to 12 years. Of
the participants, 7.5% were sentenced for a crime against persons (including assault, injury, and human trafﬁcking),
42.5% for a crime against property (theft, corruption, and defacement), 32.5% for fraud, robbery, or drugs, and 17.5% for
other offenses. The comparison sample of nonprisoners
consisted of 40 adults from the general Chinese population
who had never been prosecuted and who were (approximately) matched in terms of gender and age: 20 male participants between the age of 29 and 53 years (M = 41.65 years,
SD = 6.46) and 20 female participants between the age of
35 and 51 years (M = 42.25 years, SD = 4.48), who
volunteered to participate in the study. Although we were unable obtain data on the participants’ educational levels, previous research has indicated that education does not critically
inﬂuence risk-taking behavior (Pachur et al., 2010).

Materials
We administered the DOSPERT scale, translated into
Chinese, and the BART to assess risk-taking propensities.
1
In addition, we ﬁtted a version of the expectancy valence model (e.g.,
Busemeyer & Stout, 2002), as adapted to the BART by Rolison et al.
(2012), to our data. The results are reported in Appendix A.
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Note BIC, Bayesian Information Criterion. The Bayesian Sequential Risk-taking (BSR) analyses are based on the 68 of the 80 respondents for whom the BSR model performed better than the baseline model.

BIC

β

γ+

log(δ)
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a

170.54 (141.68, 199.39)
187.12 (159.91, 214.32)
178.59 (149.73, 207.44)
171.58 (144.48, 198.89)

.10 (.09, .29)
.14 (.04, .32)
.24 (.06, .42)

.47 (.28, .67)

1.01 (.75, 1.27)
.78 (.53, 1.02)
.33 (.07, .59)
.71 (.46, .95)

14.68 (16.99, 12.36)
14.35 (16.54, 12.16)
13.08 (15.4, 10.76)
13.03 (15.22, 10.85)

.992 (.986, .998)
.990 (.984, .995)
.988 (.982, .994)
.988 (.982, .993)

Index of initial belief that the balloon will not explode. Larger values
of q^I lead to a higher number of targeted pumps and thus more pumps
being made on average.
Measure of uncertainty participants have in their initial belief about
the likelihood of the balloon exploding. Larger values indicate more
uncertainty and thus more sensitivity to pump experiences (i.e.,
whether the balloon explodes or not).
Measure of reward sensitivity. Higher values lead to a higher number
of targeted pumps and thus more pumps being made on average.
Measure of how consistently participants follow their targeted
evaluation. Lower values of β indicate that the decision to pump is
sensitive to other information beside their pump target and is thus
more variable.
Model ﬁt

Men
Description
Parameter

q^I

Women

Men

Prisoners

Women

Journal of Behavioral Decision Making

Nonprisoners

Table 1. Description of the parameters of the BSR model, their estimated means, and lower and upper bounds of 95% conﬁdence intervals (in brackets), separately for men and women and for
prisoners and nonprisoners
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DOSPERT scale
The DOSPERT scale is a 30-item questionnaire designed to
assess risk taking in six life domains: ethical (E),
ﬁnancial/investment (F/I), ﬁnancial/gambling (F/G), health
and safety (HS), recreational (R), and social (S). It covers
three aspects of people’s attitudes to risks: self-reported
risk-taking propensity, risk perception, and expected beneﬁts
(Blais & Weber, 2006; Weber et al., 2002). Participants in
this study only completed the risk-taking propensity part of
the instrument, indicating their (hypothetical) tendency to engage in various risk activities. The scales included items such
as “Revealing a friend’s secret to someone else” (ethical),
“Betting a day’s income at the horse races” (ﬁnancial/gambling), “Investing 5% of your annual income in a very speculative stock” (ﬁnancial/investment), “Engaging in
unprotected sex” (health and safety), “Piloting a small plane”
(recreational), and “Disagreeing with an authority ﬁgure on a
major issue” (social). All assessments were made on a 7point Likert scale, ranging from 1 (extremely unlikely) to 7
(extremely likely). The risk-taking score for each domain
was obtained by summing up the scores on the individual
items belonging to that domain. Higher scores indicate a
greater risk-taking propensity. The reliabilities of the
DOSPERT and its subscales are reported in Appendix C.

Balloon Analogue Risk Task
The BART (Lejuez et al., 2002) is a computerized task
consisting of 30 trials. In each trial, the participant presses
the “Space” button to inﬂate the image of a balloon displayed
on the computer screen. Next to the balloon, the amount of
money earned in the current trial is displayed, as well as
the total amount of money earned so far. At any point during
a trial, the participant can stop inﬂating the balloon and click
the “Enter” button to transfer the sum accumulated from the
current trial to his or her permanent account. If a balloon explodes, a “pop” is visualized on the screen, the money in the
temporary account for that trial is lost, and the next trial begins. At the beginning of each of the 30 trials, the probability
that the balloon will explode is 1/128 and increases with each
pump. Risk-taking behavior on the BART is indexed by the
average (per trial) number of pumps.

Procedure
The study protocol was approved by both the ethics committee of the University of Social Sciences and Humanities
in Warsaw and the Chinese prison authorities. Prisoners
were informed that participation was voluntary and that
there would be no negative consequences for participating
or nonparticipating. Participants were ﬁrst asked to provide
demographic information, including age and gender. The
nonprisoners were also asked for their profession and employment status; the prisoners were asked to state their
profession and employment status prior to imprisonment,
the type of offense for which they were incarcerated, and
the length of sentence. Groups of male and female prisoners who agreed to participate were separately led into
a big room, where they were provided with instructions
J. Behav. Dec. Making, 28, 504–514 (2015)
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Table 2. Means and lower and upper bounds of 95% conﬁdence intervals (in brackets) of risk-taking scores in the Domain-Speciﬁc RiskTaking (DOSPERT) scale, separately for the six risk domains
Nonprisoners
Risk domain
Ethical
Financial/investment
Financial/gambling
Health and safety
Recreational
Social

Prisoners

Men

Women

16.50 (13.71, 19.29)
14.00 (11.90, 16.09)
8.10 (5.75, 10.45)
23.85 (20.84, 26.86)
19.10 (16.44, 21.76)
28.50 (26.13, 30.87)

15.45 (12.66, 18.24)
13.70 (11.60, 15.79)
5.95 (3.60, 8.30)
19.35 (16.34, 22.36)
15.85 (13.19, 18.51)
27.95 (25.58, 30.32)

on the DOSPERT. After completing the questionnaires, they
worked on the BART individually in a designated room. All
participants were rewarded according to their ﬁnal score on
the BART, receiving .01 point for each pump of unexploded
balloons. For the prisoners, the incentive scheme was a reduction of one day, two days, or three days per year from their
sentence for obtaining fewer than 5 points, 5–10 points, or
more than 10 points, respectively. Such reductions in sentence based on work and achievement are common practice
in Chinese prisons, and the sentences of the prisoners in our
sample were indeed reduced. The nonprisoners received
one, two, or three boxes of chocolate for obtaining fewer than
5 points, 5–10 points, or more than 10 points, respectively.
After completion of the task, participants were rewarded
and thanked for their participation. The experimenter was
present in the room at all times.

RESULTS
DOSPERT scores
In order to compare the tendency of prisoners and
nonprisoners to take risks, while taking gender differences
into account, we ﬁrst analyzed participants’ responses on
the DOSPERT scale, using analyses of variance
(ANOVAs) with prison status and gender as betweenparticipants factors and the measures of risk-taking propensity as the dependent variables. The analyses were conducted separately for each risk domain of the DOSPERT.
Table 2 presents the average risk-taking tendencies in the
six domains, separately for prisoners and nonprisoners,
and for men and women. Prisoners indicated a higher tendency to take ethical risks, F(1,76) = 38.9, p < .001, partial
η2 = .34; ﬁnancial/gambling risks, F(1,76) = 18.2, p < .001,
partial η2 = .19; recreational risks, F(1,76) = 16.8, p < .001,
partial η2 = .18; and health and safety risks, F(1,76) = 6.5,
p = .013, partial η2 = .08. They did not differ from
nonprisoners in their propensity to take ﬁnancial/
investment or social risks (F < 1). Men reported higher
risk-taking tendencies than women for recreational risks,
F(1,76) = 5.3, p = .024, partial η2 = .07. The other domains
did not show a main effect of gender (F < 1).
Importantly, for the domain of health and safety risks,
there was an interaction between prison status and gender,
F(1,76) = 4.3, p = .041, partial η2 = .05, with women prisoners
and nonprisoners differing in their propensity to take risks,
(p = .002, partial η2 = .22), but no difference between the
Copyright © 2015 John Wiley & Sons, Ltd.

Men
24.40
13.05
11.95
24.55
24.40
27.20

(21.61, 27.19)
(10.95, 15.15)
(9.60, 14.30)
(21.54, 27.56)
(21.74, 27.06)
(24.83, 29.57)

Women
25.05 (22.26, 27.84)
11.45 (9.35, 13.55)
12.15 (9.80, 14.50)
26.35 (23.34, 29.36)
21.50 (18.84, 24,16)
26.70 (24.33, 29.07)

two male groups. This interaction was not signiﬁcant for
the other domains. In nonprisoners, men had higher propensity to take risks in the health and safety domain than women
(p = .05, partial η2 = .09); in prisoners, men and women indicated similar tendencies to take these kinds of risks (p = .37,
partial η2 = .02).
The gender differences in prisoners’ risk taking might
be driven by factors confounded with gender, such as the
severity of the crime or the type of crime committed. To
examine this possibility, we compared female and male
prisoners in terms of the length of the sentence (as an
indicator of the severity of the crime) and the type of
crime, but found no gender differences (see Appendix D
for details). We also conducted a series of analyses of
covariance for the prisoners, using the length of the sentence as a covariate. As reported in Appendix D, these
analyses did not lead to different conclusions regarding
gender differences in risk-taking tendencies as measured
by the DOSPERT.
In sum, we found that prisoners reported greater risktaking propensity on the DOSPERT than did nonprisoners,
replicating ﬁndings by Hanoch and Gummerum (2011)
obtained in British samples. Extending their results, however, we also found some indication of distinct patterns of
differences between prisoners and nonprisoners in males
and females—a result that could not be shown by previous
analyses due to their focus on male samples.

Risk taking in the BART
We ﬁrst report respondents’ behavior in the BART and then
decompose that behavior using computational modeling (for
the correlations between the DOSPERT scores and measures
of the risk taking in the BART, including the BSR parameters, see Appendix E).

Behavioral results
We assessed the differences between prisoners’ and
nonprisoners’ behavior in the BART in terms of the average
number of pumps per trial, with higher scores indicating a
stronger risk-taking tendency.2 The results, separately for
2
We conducted analyses with the overall BART score, the number of pumps,
and the adjusted number of pumps, and all three analyses gave very similar
results. For simplicity, we report results for the most straightforward measure, that is, the number of pumps.
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male and female prisoners and nonprisoners, are shown in
Table 3. ANOVAs with prison status and gender as independent variables showed that the prisoners had higher scores
than the nonprisoners, F(1,76) = 14.49, p < .001, partial
η2 = .16. In addition, there was a main effect of gender, with
men scoring higher than women, F(1,76) = 9.86, p = .002,
partial η2 = .11. Importantly, there was also an interaction between prison status and gender, F(1,76) = 5.62, p = .020, partial η2 = .07, and follow-up comparisons indicated that there
was a difference between prisoners and nonprisoners for
female respondents (p < .001, partial η2 = .28), but not for
male respondents (p = .246, partial η2 = .035; Table 3). In
nonprisoners, men made more pumps than women
(p < .001, partial η2 = .35), whereas in prisoners, women
made more pumps than men (p = .003, partial η2 = .21). These
results indicate that, as for the domain of health and safety
risks in the DOSPERT, the pattern of differences between
prisoners and nonprisoners in risk-taking tendencies was affected by gender, with the differences being more pronounced
among females than among males. As reported in Appendix
D, controlling for sentence length (as an indicator or crime severity) in the prisoners group did not affect the conclusions.

Computational modeling
To decompose participants’ behavior on the BART, we next
ﬁtted the BSR model (see Appendix B) to each individual
participant using a maximum-likelihood approach. To avoid
local minima in the ﬁtting process, we ﬁrst conducted a grid
search (considering up to 80 000 value combinations of the
entire parameter space, with all parameters partitioned similarly) and subsequently used the 20 best-performing parameter combinations arising from the grid search as starting
values for the Simplex optimization algorithm (Nelder &
Mead, 1965) as implemented in MATLAB (MathWorks, Natick, MA, USA). Additionally, we implemented a baseline
model (for details, see Wallsten et al., 2005), which has the
probability of pumping on each trial (which remains constant
across trials) as a free parameter. As it does not make speciﬁc
assumptions regarding cognitive processes, the baseline
model allows us to test whether including the processes of
learning, evaluation, and response selection in the BSR improves model ﬁt.
We quantiﬁed the model ﬁt of the BSR using the Bayesian
Information Criterion (BIC; Schwarz, 1978). For 68 of the 80
participants (85%; 34 prisoners and 34 nonprisoners) the
BSR showed a lower BIC (i.e., a better ﬁt) than the baseline
model. The mean best-ﬁtting parameters of the BSR for these
participants as well as the BIC are shown in Table 1,

separately for prisoners and nonprisoners, and for men and
women.
We conducted a series of ANOVAs with prison status and
gender as between-participants factors and the BSR parameter estimates as dependent variables. Because all BSR parameter estimates had skewed distributions, they were logtransformed for use in the analyses. The variables were then
back-transformed onto to the original scale for easier interpretability. The analyses showed that the prisoners had
higher reward sensitivity (i.e., γ+ parameter) than the
nonprisoners, F(1,64) = 8.62, p = .005, partial η2 = .12. This
ﬁnding echoes results by Wallsten et al. (2005), who found
that people who reported stealing on a higher number of
occasions in the past year also had higher values on the
BSR’s reward sensitivity parameter. Furthermore, there was
an interaction between prison status and gender, F(1,64)
= 5.75, p = .019; partial η2 = .08; the difference between
prisoners and nonprisoners was pronounced in women
(p < .001, partial η2 = .37) and small and nonsigniﬁcant in
men (p = .72, partial η2 = .004). The difference between men
and women in reward sensitivity was not signiﬁcant for
either nonprisoners (p = .10, partial η2 = .08) or prisoners
(p = .08, partial η2 = .09).
Prisoners also had lower response consistency (i.e., β parameter) than nonprisoners, F(1,64) = 13.70, p < .001; partial
η2 = .18. This result is in line with the ﬁndings of Yechiam
et al. (2008), who reported that respondents sentenced for assault and murder showed lower choice consistency than did
controls in an experience-based task (speciﬁcally, the Iowa
Gambling Task, modeled with the expectancy valence
model). There was also an interaction of prison status and
gender on this variable, F(1,64) = 5.38, p = .024; partial
η2 = .08, but no main effect of gender, F(1,64) = .12,
p = .729; partial η2 = .002. Here, too, the difference between
prisoners and nonprisoners was pronounced in women
(p = .001, partial η2 = .32), but small and nonsigniﬁcant in
men (p = .66, partial η2 = .005). In nonprisoners, men and
women did not differ in response consistency (p = .15, partial
η2 = .06); in prisoners, men had higher response consistency
than women (p = .02, partial η2 = .16). For the other two
parameters, the initial belief that the balloon will not
explode (^
q 1 ) and the uncertainty in this belief (δ), there was
neither a main effect of prison status or gender, nor an interaction between these factors. Controlling (in the prisoners
group) for the length of the sentence did not alter the conclusions (see Appendix D for details).
In sum, using the BART, we found that prisoners were
generally more willing to take risks than nonprisoners, and
that this effect was mainly driven by the large difference

Table 3. Means and lower and upper bounds of 95% conﬁdence intervals (in brackets) of the average number of balloon pumps per
trial in the BART
Nonprisoners

Prisoners

Men

Women

Men

Women

38.24 (34.19, 42.29)

22.91 (18.86, 26.96)

40.94 (36.89, 44.99)

48.07 (44.02, 52.12)

The optimal number of pumps was 64. BART, Balloon Analogue Risk Task

Copyright © 2015 John Wiley & Sons, Ltd.
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observed between female prisoners and nonprisoners. Using
the BSR model to decompose performance on the BART,
we found that the behavioral effect was due to prisoners’
higher sensitivity to rewards and lower choice consistency.
Again, these effects were mainly driven by large differences
between female prisoners and nonprisoners.

DISCUSSION
Previous studies comparing risk taking in prisoners and
nonprisoners have focused almost exclusively on men. This
has made it difﬁcult to assess whether the typical ﬁnding of
increased risk propensity among prisoners holds irrespective
of gender, which has also been found to impact risk taking.
Using both a self-report instrument and a behavioral task, we
found that prisoners had a higher tendency to take risks than
nonprisoners, and that men had a higher tendency to take risks
than women. Crucially, however, some differences between
prisoners and nonprisoners were qualiﬁed by an interaction involving gender, such that the differences were more pronounced in women than in men. In fact, the female prisoners’
risk-taking tendencies were rather similar to the male prisoners’.
Gender differences in risk taking have been examined in
previous studies with nonprison samples, resulting in the
general conclusion that women are more risk averse than
men (Byrnes et al., 1999). In our sample, this pattern was
replicated in the control group. Among prisoners, by contrast, women were as likely to take risks as men. To our
knowledge, ours is the ﬁrst study indicating that the
established link between risk taking and gender may not hold
in the prison population. This result is also consistent with
ﬁndings that, while female prisoners commit fewer serious
violent acts than male prisoners, they can engage in equally
or even more risky activities; for instance, they become involved in a similar number of ﬁghts (Harer & Langan,
2001) and take more and harder drugs than comparable male
prisoners (Langan & Pellisier, 2001).
What are possible reasons for the higher tendency of prisoners to take risks, relative to nonprisoners? And why is this
pattern of results inﬂuenced by gender? There are at least two
possible answers. First, risk-taking propensity may be driven
by situational factors. Speciﬁcally, the prison environment
may make inmates more willing to take risks, possibly
through competition, a mechanism that has been shown to
be linked to risk taking (at least in males; Wilson & Daly,
1985). If so, people released from prison should show a
lower risk-taking propensity than those currently in prison.
However, a study comparing male ex-prisoners and current
prisoners (Rolison, Hanoch, & Gummerum, 2013a) found
the opposite pattern (i.e., ex-prisoners showing higher risk
taking than prisoners). Therefore, the prison environment
seems an unlikely reason for the more pronounced risk taking of inmates. Note that the Rolison et al. ﬁndings also suggest that the difference between criminals and non-criminals
in risk taking may be underestimated in studies with samples
of currently imprisoned individuals.
Second, risk taking could be shaped by personality dispositions and their biological underpinnings. Several studies
Copyright © 2015 John Wiley & Sons, Ltd.
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have established a link between personality and risk taking
(Breivik, 1996; Levenson, 1990; Nicholson, Soane, FentonO’Creevy, & Willman, 2005; Zuckerman & Kuhlman,
2000). Moreover, male prisoners and nonprisoners seem to
differ in personality characteristics, with prisoners being
more impulsive than nonprisoners (Hanoch et al., 2012;
Rolison, Hanoch, & Gummerum, 2013b).
A crucial neuromodulatory mechanism linking personality and risk-taking propensity may be testosterone. Testosterone has been connected to risk taking in both men and
women (Coates & Herbert, 2009; Sapienza et al., 2009),
and male prisoners show higher testosterone levels than
nonprisoners (Hanoch et al., 2012). Moreover, in nonprison
samples, testosterone has been found to be positively associated with the probability of engaging in criminal acts in
males (Dabbs et al., 1995). Banks and Dabbs (1996) reported
higher testosterone levels in both men and women from a delinquent and violent urban subculture than in age-matched
college students, and Dabbs et al. (1988) obtained some indication that women imprisoned for unprovoked violent crimes
may have higher testosterone levels than women from the
general population.
How might testosterone inﬂuence risk taking? Testosterone is known to shift the balance between sensitivity to punishment and reward. For example, using the Iowa Gambling
Task (Bechara, Damásio, Damásio, & Anderson, 1994), van
Honk et al. (2004) showed (in women) that exogenously administered testosterone can increase reward sensitivity. According to results by Hermans et al. (2010), this effect
seems to be due to increased activity in the dopaminergic
neuromodulatory system, particularly in the nucleus accumbens, which is responsible for the expectation of reward. Psychologically, the effect of testosterone might be mediated by
an attenuation of feelings of fear (Hermans et al., 2007). One
possibility is thus that female prisoners differ from female
nonprisoners in personality and its biological mechanisms,
and that this difference is in fact larger than that observed
in male samples.
What underlies the differences observed in reported risktaking propensity between male and female prisoners and
controls? Using the DOSPERT, Gummerum, Hanoch and
Rolison (2014) showed that behavioral risk intensions in
prisoners and ex-prisoners are predicted by the expected beneﬁts and perceived risks, with expected beneﬁts being the
better predictor. Future studies could investigate whether
gender differences in the risk-taking propensity of prisoners
and nonprisoners are accompanied by differences in the expected beneﬁts and perceived riskiness of various behaviors.
One potential peculiarity of our study is that the data were
collected in an Asian population. Can one expect our results
to generalize across cultures? There is increasing evidence
for cultural differences in risk attitude. For instance, Weber
and Hsee (1998), comparing US, Chinese, German, and
Polish samples, found that Chinese participants were less risk
averse than Americans, with the German and Polish participants falling in between (see also Hsee & Weber, 1999).
The authors attributed these differences to differences in risk
perception and proposed that the greater risk taking observed
in Chinese respondents may be due to a stronger buffering of
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negative outcomes by social support in collectivist cultures
such as China. Although the overall level of risk taking
in our study may thus be higher than would be expected
for Western samples, the literature offers no indication
that cultural differences might impact the interplay between risk taking, gender, and prisoner status. Note also
that we replicated several patterns previously obtained
for Western samples (Hanoch & Gummerum, 2011;
Wallsten et al., 2005).
In our sample, the reliabilities of some subscales of the
DOSPERT, particularly the social risks subscale, were rather
low (Appendix C). This replicates results for the German adaptation of the DOSPERT (Johnson, Wilke, & Weber, 2004),
which also found the social risks subscale to have the lowest
reliability. In a study by Hu and Xie (2012), which validated
the Chinese version of the DOSPERT in a college student
sample, the social domain did not emerge as a separate factor. These results suggest that risk taking in the social risks
domain may sometimes be rather difﬁcult to assess reliably,
and that it may actually not necessarily represent a distinct
domain, at least among Chinese respondents. Despite the
low reliability of some DOSPERT subscales in our study,
note that our main conclusions regarding the interplay of
prisoner status and gender are based on patterns that also
emerged with the BART task.
Our results on the comparison of prisoners and
nonprisoners must be qualiﬁed by possible differences in
the education of these two groups and by differences in the
incentive structure of the BART between the two groups.
We did not obtain data on participants’ educational levels,
but previous research has shown that education does not critically impact risk taking (Pachur et al., 2010). Furthermore,
we cannot rule out the possibility that the gender differences
observed in risk taking in the prisoners group reﬂect different
attitudes of incarcerated men and women to days left in jail.
We also cannot rule out that the observed gender differences
are due to the fact that the female prisoners in our sample
represent an extreme subsample of Chinese female prisoners.
This could be tested by comparing our sample with data for
all prisoners in China, an analysis that we were unable to
perform.

CONCLUSIONS
Risk taking is a ubiquitous activity jointly shaped by the
expectation of reward and apprehension of negative consequences. For some individuals, excessive risk taking may
contribute to a higher chance of committing a criminal
offense, potentially leading to imprisonment. Our results
suggest that the difference between prisoners and
nonprisoners in risk taking is also found for women—in
fact, the difference is even more pronounced in women than
in men. Using computational modeling, we showed that the
differences in risk behavior between prisoners and
nonprisoners of both genders seem to be rooted in differences in reward sensitivity and response consistency. Our
study thus contributes to a better understanding of the
Copyright © 2015 John Wiley & Sons, Ltd.

psychological processes driving individual differences in
risk-taking propensity.
APPENDIX A: RESULTS OF THE EXPECTANCY
VALENCE LEARNING MODEL AS ADAPTED TO THE
BART
According to the expectancy valence learning model (EVL)
—as applied to the BART by Rolison, Hanoch, and Wood
(2012)—the valence v of a given balloon h in the BART is
a function of the gains and losses accrued at the previous
balloon (i.e., at trial h – 1):
vh ¼ wWinh1  lLossh1 ;

(A1)

where w and l are the weights given to gains and losses, respectively, estimated from the data. It is further assumed that
for each balloon, the decision maker has a target number of
pumps, which is a function of the valence of the balloon
and the target number of pumps at the previous balloon:
target number of pumpsh ¼ vh þ a·target number of pumpsh–1 ;

(A2)
where a is a learning rate parameter estimated from the data
that governs the inﬂuence of the target number of pumps at
the previous balloon. The target number of pumps at the ﬁrst
trial (i.e., h = 1) was set to equal rp, a free parameter that thus
indicates the decision maker’s initial level of risk taking. Finally, the probability of pumping balloon h at trial i is
r h;i ¼

1
1þ

eβðitarget number of pumpsh Þ

;

(A3)

where β is a response consistency parameter, with lower
values indicating lower consistency (i.e., more noisy
responding).
We applied the EVL model to our data, using a
maximum-likelihood approach to ﬁt the parameters and with
the following parameter restrictions (see also Rolison et al.,
2012): 1 ≤ w ≥ 1, 1 ≤ l ≥ 1, 0 ≤ a ≤ 2, 0 ≤ rp ≤ 200;
0 < β ≤ 10. As it turned out, the EVL had a somewhat better
model ﬁt than the BSR, with a median BIC of 151.2 and
173.3 for the prisoner and the control groups, respectively
(relative to median BICs of 157.8 and 176.5 for the BSR).
For 72 of the 80 participants, the model ﬁt was better than
for the baseline model. Table A1 shows the mean best-ﬁtting
parameter values for the prisoners and nonprisoners, separately for male and female participants.
We conducted a series of ANOVAs with prison status and
gender as predictors and the EVL parameters as dependent
variables. Prisoners had higher values on the rp parameter
than nonprisoners, F(1,68) = 26,27, p < .0001, partial
η2 = .28; they also had lower values on the β parameter, F
(1,68) = 13.85, p < .0001, partial η2 = .17. There were no differences between prisoners and nonprisoners on the other
EVL parameters. Male and female participants did not differ
with regard to the EVL parameters. Importantly, however,
there was an interaction between prison status and gender
on the rp parameter, F(1,68) = 11.91, p = .001, partial
η2 = .15, such that female prisoners had higher values than
J. Behav. Dec. Making, 28, 504–514 (2015)
DOI: 10.1002/bdm

β
BIC

rp

.243 (.406, .081)
.553 (.363, .743)
1.210 (1.081, 1.340)

Weight given to gains, that is, points won on balloons that did not explode.
Weight given to losses, that is, points lost on balloons that did explode.
Learning rate parameter. The higher the value, the more weight is given
to the target number of pumps at the previous trial.
Initial level of risk taking. The higher the value, the higher the initial target
number of pumps assumed by the model.
Measure of how consistently participants follow their targeted evaluation.
Model ﬁt
w
l
a

Men
Description
Parameter

Copyright © 2015 John Wiley & Sons, Ltd.

BIC, Bayesian Information Criterion. The expectancy valence learning (EVL) analyses are based on the 72 (of 80) respondents for whom the EVL model performed better than the baseline model.

.189 (.149, .229)
160.64 (150.63, 170.64)
.384 (.242, .527)
170.53 (152.94, 188.12)
.288 (.169, .408)
158.50 (145.55, 171.45)

.133 (.111, .156)
141.64 (131.08, 152.20)

71.11 (60.34, 81.89)
36.06 (23.59, 48.53)
60.58 (47.38, 73.77)

90.06 (77.22, 102.91)

.355 (.511, .199)
.533 (.360, .707)
1.248 (1.154, 1.342)
.476 (.691, .262)
.772 (.615, .93)
1.347 (1.188, 1.507)

.365 (.496, .235)
.645 (.474, .818)
1.273 (1.185, 1.361)

Men
Women

Prisoners

Women

Prisoners, Risk Taking, and Gender

Nonprisoners

Table A1. Description of the parameters of the EVL model, their estimated means, and lower and upper bounds of 95% conﬁdence intervals (in brackets), separately for men and women and for
prisoners and nonprisoners
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female nonprisoners (p < .0001, partial η2 = .50), whereas
male prisoners and nonprisoners did not differ on this parameter (p = .23, partial η2 = .04). Within the nonprisoners group,
men had higher values on the rp parameter (p = .012, partial
η2 = .18), whereas in the prisoners group, it was women
who had higher values on this parameter (p = .033, partial
η2 = .12). There were no interaction effects for the other
EVL parameters.
Further analyses revealed that several of the EVL parameters were highly intercorrelated. For instance, the
gain weight parameter was strongly correlated (across
participants) with the learning rate parameter (r = .95)
and with the loss weight parameter (r = .79), which
was in turn strongly correlated with the learning rate
parameter (r = .77). These parameter intercorrelations can
severely complicate the estimation and interpretation of
parameters (e.g., Scheibehenne & Pachur, 2014), and we
therefore refrain from analyzing the relationship of the
EVL parameters to the other risk-propensity measures in
more detail.

APPENDIX B: FORMAL DESCRIPTION OF THE
BAYESIAN SEQUENTIAL RISK-TAKING MODEL
The BSR assumes that people’s behavior in a sequential
risk-taking task such as the BART is primarily a function
of three cognitive processes: learning, evaluation, and response selection. With regard to learning processes, the
BSR assumes that the decision maker has an initial belief
in the probability q^h that balloon h will not explode on
any given pump. This belief is modeled with a beta distribution over q^h , summarized by two parameters ah > 0 and
bh > 0, which are estimated from the data. A quantiﬁcation
of the decision maker’s belief in the chances of balloon h
not exploding is derived from the mean of the beta distribution, deﬁned as follows (Pleskac, 2008; Pleskac &
Wershbale, 2014):
q^ ¼

ah
;
ah þ bh

(B1)

The variance of the distribution, which can be interpreted
as indicating the decision maker’s uncertainty in the initial
belief, is determined as
δh ¼

ah bh
2

ðah þ bh Þ ðah þ bh þ 1Þ

;

(B2)

Larger values of δh translate into a greater adjustment after
experiencing the trial outcome (i.e., whether the balloon
explodes or not); the parameter can therefore also be viewed
as a learning rate, with larger values indicating stronger
learning. For readability, δh is sometimes log-transformed
(e.g., Pleskac, 2008). The decision maker’s initial belief that
the balloon will explode as well as the initial uncertainty in
the belief, q^1 and δ1, are estimated from the data by estimating a1 and b1.
The second key aspect of the BSR refers to the decision
maker’s reward sensitivity, that is, how the outcome
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experienced after each pump opportunity (i.e., whether the
balloon explodes or not) impacts the evaluation of pumping
at the subsequent pump opportunity. Speciﬁcally, the expected gain of pumping balloon h at opportunity i equals
þ

vhi ¼ ðq^h Þi ðixÞγ ;

(B3)

The variable q^h is the probability that balloon h will not
explode after i pumps, and x is the reward for each successful
pump. Higher values of γ+ indicate greater sensitivity to differences in payoffs. Participants are assumed to have a target
of c pumps, which maximizes the expected payoffs. This target number of pumps is deﬁned as the maximum of Equation
B3 (Wallsten et al., 2005), which is
Gh ¼

γþ
;
lnðq^h Þ

1
;
1 þ eβdhi

(B5)

where β is a free parameter representing how consistently
participants follow their target number of pumps (i.e., Gh).
Lower values of β indicate that the decision maker’s
pump tendency is sensitive to other information besides
his or her targeted reward pump (or is just noisy), and
that the pumping behavior will thus be more variable.
dh(i) is the distance at opportunity i from the targeted
number of pumps, dh(i) = iGh. To estimate the four free
parameters of the BSR, we used the following parameter
restrictions: 0 < γ+ ≤ 2; 0 < β ≤ 10; 0 < ainit ≤ 20 000;
0 < binit ≤ 500.
We also tested an extended version of the choice rule
(Pleskac, 2008), which additionally includes an exploration
bias parameter (i.e., whether people have an enhanced tendency to pump more than the targeted number of pumps at
early or late trials). Because the BIC (Schwarz, 1978),
which trades off model ﬁt against model ﬂexibility, indicated that the addition of the parameter did not lead to
an improved ability of the BSR to account for the data,
we applied the original model of the BSR investigated by
Wallsten et al. (2005).

APPENDIX C
Table C1. Reliability (Cronbach’s alpha) of the DOSPERT scale
and its subscales
N = 80
Cronbach’s
alpha

DOSPERT

E

F/I/G

F/I

F/G H/S

R

.81

.60

.77

.63

.85

.55 .30

.54

S

Note. DOSPERT, Domain-Speciﬁc Risk Taking scale; E, ethical
risks; F/I/G, ﬁnancial/investment and ﬁnancial/gambling risks together; F/I, ﬁnancial/investment risks; F/G, ﬁnancial/gambling
risks; H/S, health and safety risks; R, recreational risks; S, social
risks.
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There were no gender differences in the prison sample
with regard to the severity of the crime, operationalized
as the length of the prison sentence in years, Mmen = 5.84
vs. Mwomen = 5.55, t(37) = .33, p = .741. Likewise, there
were no gender differences in the type of crime committed.
Speciﬁcally, male and female prisoners did not differ in
terms of the frequencies of crimes against a person, crimes
against property, fraud, robbery and drug related crimes,
and other crimes, χ 2(df = 3, N = 40) = 2.37, p = .499. The
distribution of prisoners across different types of crime,
separately for male and female prisoners, is reported in
Table D1.

(B4)

Finally, the BSR models how reward evaluation and
learning experience are translated into the probability ri that
the balloon is pumped another time:
ri ¼

APPENDIX D: GENDER DIFFERENCES IN CRIMES
FOR WHICH PRISONERS WERE INCARCERATED

Table D1. Distribution across different types of crimes for which
participants in the prison sample were incarcerated, separately for
male and female participants. Given are percentages
Crimes against Crimes against Fraud, robbery,
person
property
drugs
Other
All
Men
Women

7.5
10
5

42.5
40
45

32.5
25
40

17.5
25
10

To examine whether risk taking in the prison sample was
associated with the severity of the crime committed, we ﬁrst
correlated the length of the sentence with the DOSPERT
scores, BART scores, and BSR parameters (among the prisoners). The only correlation to emerge was with risk taking
in the ethical domain of the DOSPERT, r = .49, p = .002; risk
taking in the other domains of the DOSPERT was unrelated
to the length of the sentence (F/I: r = .15, p = .36, F/G: r = .14,
p = .39, H/S: r = .25, p = .12, R: r = .07, p = .67, S: r = .07,
p = .68). Length of the sentence was not correlated with either
the number of pumps in BART (r = .18, p = .28) or the BSR
model parameters (γ+: r = .13, p = .45; β: r = .11, p = .54,
q^I : r = .16, p = .37, log(δ): r = .13, p = .46).
Second, we included length of the sentence as a covariate in an analysis of covariance, looking at gender differences in risk taking within the prisoner sample. The results
suggested the same conclusions as without control for
sentence length (as reported in the main text). Speciﬁcally,
the analysis did not show an effect of gender on the
DOSPERT subscales (E: F(1,36) = .238, p = .629, partial
η2 = .007; F/I: F(1,36) = 1.50, p = .228, partial η2 = .040;
F/G: F(1,36) = .006, p = .939, partial η2 = .001; H/S: F
(1,36) = .887, p = .353, partial η2 = .024; S: F(1,36) = .101,
p = .752, partial η2 = .003), with the exception of a marginally signiﬁcant effect for recreational risks, such that male
prisoners indicated a higher tendency to take these risks
than female prisoners, F(1,36) = 4.074, p = .051, partial
η2 = .102. As regards the BART, the analysis showed an
association of gender with the number of pumps, with female prisoners making more pumps than male prisoners,
F(1,36) = 11.360, p = .002, partial η2 = .238. For the parameters of the BSR model, the analysis showed an effect of
gender on the response consistency parameter β, such that
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male prisoners had higher response consistency than female prisoners, F(1,31) = 5.982, p = .020, partial η2 = .162.
Moreover, there was a trend for male prisoners to have
higher reward sensitivity (γ+) than female prisoners, F
(1,31) = 3.627, p = .065, partial η2 = .092. The analysis did
not show an association between gender and the other
BSR parameters, q^I : F(1,31) = .828, p = .369, partial
η2 = .022; log(δ): F(1,31) = .059, p = .810, partial η2 = .002.

APPENDIX E
Table E1. Correlations of DOSPERT scores with risk taking in the
BART and BSR model parameters
Financial/
Ethical Investment
Pumps .43**
.31*
γ+
β
.43**
.14
q^I
log(δ) .10

.07
.02
.06
.06
.05

Health
Financial/ and
gambling safety Recreational Social
.31**
.17
.38**
.14
.19

.40**
.30*
.22
.05
.02

.39**
.24*
.23
.21
.17

.06
.01
.10
.01
.13

*p < .05,
**p < .01 (two-tailed). The BSR analyses are based on the 68 (of 80)
respondents for whom the BSR model performed better than the baseline model.
DOSPERT, Domain-Speciﬁc Risk-Taking; BART, Balloon Analogue
Risk Task; BSR, Bayesian Sequential Risk-taking.
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