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POSTTRAUMATIC STRESS SYMPTOMS AND AVERSION

TO AMBIGUOUS LOSSES IN COMBAT VETERANS
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Background: Psychiatric symptoms typically cut across traditional diagnostic
categories. In order to devise individually tailored treatments, there is a need
to identify the basic mechanisms that underlie these symptoms. Behavioral eco-
nomics provides a framework for studying these mechanisms at the behavioral
level. Here, we utilized this framework to examine a widely ignored aspect of
trauma-related symptomatology—individual uncertainty attitudes—in combat
veterans with and without posttraumatic stress disorder (PTSD). Methods:
Fifty-seven combat veterans, including 30 with PTSD and 27 without PTSD,
completed a risk and ambiguity decision-making task that characterizes indi-
vidual uncertainty attitudes, distinguishing between attitudes toward uncertain
outcomes with known (“risk”) and unknown (“ambiguity”) probabilities, and be-
tween attitudes toward uncertain gains and uncertain losses. Participants’ choices
were used to estimate risk and ambiguity attitudes in the gain and loss domains.
Results: Veterans with PTSD were more averse to ambiguity, but not risk, com-
pared to veterans without PTSD, when making choices between possible losses,
but not gains. The degree of aversion was associated with anxious arousal (e.g.,
hypervigilance) symptoms, as well as with the degree of combat exposure. More-
over, ambiguity attitudes fully mediated the association between combat exposure
and anxious arousal symptoms. Conclusions: These results provide a founda-
tion for prospective studies of the causal association between ambiguity attitudes
and trauma-related symptoms, as well as etiologic studies of the neural under-
pinnings of these behavioral outcomes. More generally, these results demonstrate
the potential of neuroeconomic and behavioral economic techniques for devising
objective and incentive-compatible diagnostic tools, and investigating the etiology
of psychiatric disorders. Depression and Anxiety 33:606–613, 2016. C© 2016
Wiley Periodicals, Inc.
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INTRODUCTION
Growing consensus exists regarding the insufficiency
of the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM[1]) categorical diagnoses for psychiatric dis-
orders in guiding etiologic and treatment models[2, 3].
On the one hand, many different combinations of symp-
toms may lead to the same diagnosis (e.g., see ref.[4]),
suggesting that some of the categorical definitions may
be arbitrary. On the other hand, high levels of comor-
bidity between various mental disorders suggest that
psychopathology is dimensional and transdiagnostic in
nature. The National Institute of Mental Health has rec-
ognized the need to investigate alternative classification
models for mental disorders based on their underlying
basic mechanisms, and to identify biomarkers of the var-
ious dimensions of psychopathology, which can inform
the development of more targeted treatments (Research
Domain Criteria, RDoC[5]).

Behavioral economics provides a useful framework for
identifying behavioral markers using measures indepen-
dent of the pathology itself[6–8]. By observing individuals’
actual choices rather than asking them what they would
do in a given situation, behavioral economics methods
can tap into the behavioral processes, eliminating bi-
ases that can result from subjective self-reports or in-
terviews. Based on the choices participants make under
parametrically varying conditions, various components
of behavioral processes can be deduced. Associations be-
tween these components and clinical symptoms can then
be examined to assess the relation of the particular be-
havior to a particular facet of psychopathology.

Here, we employed a behavioral economic framework
to posttraumatic stress disorder (PTSD). We chose this
disorder as a test case for the behavioral economic ap-
proach to psychiatric research for three reasons. First,
it is the single psychiatric disorder that requires an
event for its classification—exposure to trauma[1]. Sec-
ond, PTSD is a heterogeneous disorder, encompass-
ing a wide range of psychological symptoms that are
present in other disorders, such as major depressive and
generalized anxiety disorders. Third, despite the het-
erogeneity of symptoms, studies of PTSD and trauma-
related psychopathology primarily focus on fear learning
and emotional processing[9, 10]. While these are certainly
important components to examine in relation to such
pathology, other cognitive processes are likely to play
a part in the development, maintenance, and conse-
quences of trauma-related psychopathology. One such
key component that has rarely been studied is how
trauma-exposed individuals deal with uncertainty, which
is often pronounced in circumstances leading to trau-
matic events[11, 12]. Soldiers in combat, for example, typ-
ically face widespread uncertainty about the possible ad-
verse outcomes of battle. Individual variability in uncer-
tainty attitudes may therefore contribute to individual
differences in the expression of PTSD symptoms.

Neurobiological findings also suggest an associa-
tion between decision making under uncertainty and

trauma-related psychopathology. Current models of
PTSD implicate a number of neurobiological sys-
tems and structures, including the amygdala, ventro-
medial prefrontal cortex, and the striatum[13–16]. These
same brain regions are also involved in decision-
making processes in general,[17] and specifically under
uncertainty,[18] and their activity reflects attitudes toward
uncertainty[19]. However, although both these decision
traits and PTSD symptoms are reflected in activation
patterns in similar brain areas, a direct link between the
two has never been made. This may be partly due to
the difficulty in parsing out the various basic compo-
nents of the complex processes of decision making under
uncertainty.

Behavioral economics offers tools for examining the
components of behavior under uncertainty. Economic
analysis distinguishes between two types of uncertainty:
“risk,” in which the probabilities of possible decision
outcomes are known, and “ambiguity,” in which these
probabilities are partially or completely unknown. Stud-
ies in healthy populations have revealed high variabil-
ity in individual attitudes toward risk and ambiguity,
with little correlation between these measures across
individuals[19–21], suggesting that risk and ambiguity at-
titudes may contribute independently to decision mak-
ing under uncertainty. Based on these data, we have
previously developed an experimental paradigm[19, 22]

and have successfully used it in psychiatrically healthy
individuals from a broad age spectrum[21, 23]. In this
paradigm, participants make a series of choices between
gains and between losses, under conditions of risk or
ambiguity. No feedback about choice outcome is pro-
vided during the task in order to avoid learning effects.
The paradigm thus allows an objective characterization
of risk and ambiguity attitudes in the gain and loss do-
mains, as well as an overall assessment of the quality of
the decision making. In the current study, we used this
paradigm to characterize behavior under uncertainty in a
sample of Iraq/Afghanistan combat veterans presenting
with a broad dimensional range of trauma-related psy-
chopathology, including approximately half diagnosed
with combat-related PTSD. Our results reveal a spe-
cific association between trauma-related symptomatol-
ogy and ambiguity, but not risk, attitudes in the loss,
but not the gain, domain. We propose that a similar ap-
proach will be useful for the study of other psychiatric
disorders and other decision traits.

MATERIALS AND METHODS
PARTICIPANTS

Sixty-three (52 male; 82.5%) combat veterans participated in the
study. Thirty-two were diagnosed with PTSD based on the Clinician-
Administered PTSD Scale (CAPS)[24] and 31 were Combat Controls
(CC). For each group (PTSD, CC), the number of participants was
balanced by age and sex. Six participants (two PTSD and four CC)
were excluded from analysis due to poor task understanding (see be-
low), leaving a final sample of 57 participants (eight female; aged 20–53,
mean = 32.9, SD = 8.0). The Human Investigation Committee of Yale
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University and Human Subjects Subcommittee of the VA Connecti-
cut Healthcare System approved the study; all participants provided
written informed consent. See Supporting Information Material for
recruitment procedures and additional measures.

PROCEDURE
Risk and Ambiguity Task. Following task instructions and

practice, participants made a series of 320 binary choices between
different monetary options. In gain trials, each choice was be-
tween a sure gain of $5 and a lottery that offered some chance
for gaining a variable amount. Loss trials were identical, except the
choice was between a sure loss of $5 and a lottery that offered
some chance of losing a variable amount. Probability and ambi-
guity levels were communicated through visual displays of lottery
bags, each containing 100 red and blue plastic chips. In risky trials
(Fig. 1A), the red and blue areas of the bag represented the num-
bers of red and blue chips, such that participants knew the precise
probability for drawing either from the bag. In ambiguous trials (Fig.
1B), a gray occluder covered a part of the bag, so the exact probability
was unknown (See Supporting Information Methods for more details
on experimental design and payment). To encourage participants to
reveal their true preferences, one trial was randomly selected at the end
of the experiment and participants were paid based on their choice in
that trial (see Supporting Information Methods). In a separate session,
participants completed a demographic form and psychological tests

Figure 1. Experimental design. Examples of risk (A) and ambigu-
ity (B) trials. (C) The ambiguity levels used in the experiment.

relevant to risk and ambiguity preferences (see Supporting Informa-
tion Methods).

Data Analysis. To estimate the risk and ambiguity attitudes of
each participant in the gain and loss domain, we modeled the subjective
value of each option, based on a theoretical model of decision mak-
ing under uncertainty[25], successfully employed by our group[19,21,23].
The choice of data of each participant was fit to a logistic function,

PL = 1
1 + eγ (SVC−SVL)

where PL is the likelihood that the participant chose the lottery, SVC
and SVL are the subjective values of the certain and lottery options,
respectively, and γ is a subject-specific parameter representing noise
in each participant’s choices.

Subjective values were modeled using the following function,

SV =
[

P − β

(
A
2

)]
× V α

where P represents the objective outcome probability, A is the ambi-
guity level, and V is the outcome magnitude.

Risk attitude (α) and ambiguity attitude (β) parameters, constrained
for the task range, were estimated for each participant individually. A
risk-neutral participant will have an α of 1. In the gain domain, a risk
averse participant will have an α < 1 (α > 1 in the loss domain), while a
risk-seeking participant will have an α > 1 (α < 1 in the loss domain).
A participant who is not affected by ambiguity will have a β of zero.
In the gain domain, an ambiguity averse participant will have a β >

0 (β < 0 in the loss domain), while an ambiguity-seeking participant
will have a β < 0 (β > 0 in the loss domain). For convenience, in the
presentation of the results (Fig. 3), we transfer all the parameters such
that negative values indicate aversion, whereas positive values indicate
seeking. Our main statistical analysis used these model-based param-
eters, and consisted of 2-way analyses of variance (ANOVAs), one for
risk attitudes and another for ambiguity attitudes, with group (PTSD
and CC) and domain (gains and losses) as factors. To ensure that the
results do not depend on the functional form of this model, we also
conducted complementary model-free analysis based on proportion of
lottery choices (see Supporting Information Methods). To assess the
level of correlation between pairs of parameters, we computed Pearson
correlations. Given that correlation analysis is highly sensitive to out-
liers, we first excluded data points that differed by more than two stan-
dard deviations from the mean of the relevant parameter in the relevant
sample. Finally, to evaluate the relationship between ambiguity atti-
tudes, symptom clusters, and combat exposure, we conducted multiple
regression analysis using Mplus Version 7.11, as well as Bayesian anal-
yses (see Supporting Information Methods).

RESULTS
SAMPLE CHARACTERISTICS

Fifty-seven participants were included in the analy-
sis, 30 PTSD and 27 CC. The groups did not differ
with respect to age, gender, level of education, income,
IQ, or numeracy (Supporting Information Table S1),
yet differed significantly on numerous clinical measures,
with PTSD scoring higher than CC on the CAPS (61.1
vs. 4.1, t = 12.89, P < .0001), Combat Exposure Scale
(CES[26]; 18.3 vs. 8.9, t = 3.52, P < .001), and each of
the five PTSD symptom clusters[27, 28], most notably anx-
ious arousal symptoms (14.1 vs. 1.6, t = 11.05, P < .0001;
Table S2 (Supporting Information) provides additional
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details of how the PTSD and CC groups differed on
clinical measures).

PTSD SYMPTOMS AND DECISION MAKING
UNDER UNCERTAINTY

Decision Quality. As a basic estimate of task com-
petence, we calculated two measures of decision quality:
choice consistency and choice effectiveness (see Support-
ing Information Methods and Results). No significant
group difference was observed in either measure (choice
consistency: t = 0.56, P = .58; effectiveness: t = 1.61,
P = .12).

Risk and Ambiguity Attitudes. Figure 2 presents
the average choice patterns in each group in risky (left)
and ambiguous (right) trials involving gains (top) and
losses (bottom). The risk graphs depict the proportion of
trials in which participants chose the risky option rather
than the certain amount. Both groups were similarly af-
fected by outcome probability, exhibiting comparable
risk attitudes for both gains (Fig. 2, top left) and losses
(Fig. 2, bottom left). The ambiguity graphs plot the ef-
fect of each level of ambiguity on participants’ willing-
ness to accept the lottery. Ambiguity averse participants
would choose ambiguous lotteries less than risky lotter-
ies of the same objective probability, whereas ambiguity
seeking participants would choose such lotteries more
(see Supporting Information Materials for details). Both
groups exhibited similar degree of ambiguity aversion
when making choices between gains (Fig. 2, top right).
Choice patterns diverged, however, in the ambiguous
loss condition. While CC showed no ambiguity aversion,

similar to what we observed in an earlier study[21], PTSD
participants exhibited ambiguity aversion by choosing
the 50% and 74% ambiguity options less than the risky
options of the same objective outcome probability.

To quantify the group difference, we fit each indi-
vidual’s behavior to a choice model that we have pre-
viously used[19, 21], based on a widely used economic
model[25] (see the section Materials and Methods). This
process produced four participant-based uncertainty es-
timates, namely risk and ambiguity attitudes in the gain
and loss domains (Fig. 3). These estimates were used
in two 2-way ANOVAs, one for risk attitudes and an-
other for ambiguity attitudes, each with group (PTSD
and CC) and domain (gains and losses) as factors. The
ANOVA on risk attitudes revealed, as expected, a sig-
nificant effect of domain (F = 26.7, P = .00006), but
no effect of group (P = .30), and no group by domain
interaction (P = .30). Conversely, the ANOVA on am-
biguity attitudes revealed main effects of both domain
(P � .00006) and group (P = .03), as well as a group by
domain interaction (P = .04). Post hoc Tukey tests re-
vealed that this interaction was driven by a group differ-
ence in ambiguity attitudes under losses (PTSD: −0.827
± 0.22 SEM; CC: −0.0136 ± 0.08; P = .02, Cohen’s
d = 0.87), whereas no such difference was observed un-
der gains (PTSD: −0.62 ± 0.25; CC: −0.46 ± 0.11; P
= .92, Cohen’s d = 0.15). For completion, we also con-
ducted Bayesian analysis[29, 30], which reached the same
conclusions, as well as model-free analysis, i.e., with no
assumptions regarding the functional form of the choice
model, which revealed similar trends (see Supporting

Figure 2. Lottery choices under risk and ambiguity. Left: proportion of trials in which participants chose the uncertain option rather than
the certain amount in risky trials involving gains (top) and losses (bottom). Right: the effect of each level of ambiguity on participants’
willingness to accept the lottery in gains (top) and losses (bottom). The level of ambiguity is defined as the percentage of the bag image
that was occluded. Error bars denote SEM.
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Figure 3. Estimates of risk and ambiguity attitudes in the gain and loss domains. Mean parameter estimates based on the model fitting.
Error bars denote SEM. There was a significant group by domain interaction in ambiguity attitudes (F = 4.54, P = .04), driven by higher
aversion to ambiguous losses in PTSD compared to CC (Tukey’s HSD test, P = .02). The groups did not differ in attitudes toward
ambiguous gains or in risk attitudes.

Information Results). Thus, the results did not strongly
depend on either the model or the ANOVA assump-
tions. Importantly, the ambiguity attitudes observed in
the CC group were similar to our previous results in par-
ticipants of similar ages from the general population[21].
Also consistent with previous results[20, 21, 31], ambiguity
attitudes in the loss domain were only weakly correlated
with ambiguity attitudes in the gain domain, both across
the entire sample (r = .26, N = 51, P = .07) and within
each group (CC: r = .066, N = 25, P = .75; PTSD:
r = .20, N = 25, P = .33). Similarly, attitudes toward
ambiguous losses were only weakly correlated with atti-
tudes toward ambiguous gains across the entire sample
(r = −.24, N = 51, P = .09) and in the PTSD group
(r = −.20, N = 27, P = .3). Interestingly, this correlation
was slightly higher in the CC group (r = −.43, N = 24,
P = .03); however, the difference in correlation strength
between groups was not significant (Fisher Z = −.85,
P = .39).

Next, we sought to evaluate the relationship between
ambiguity attitude, and the degree of specific symptom
clusters, as well as the degree of combat exposure, across
the entire sample. A regression model that accounted
for intercorrelations among the five PTSD symptom
clusters revealed that ambiguity attitude in the loss do-
main was significantly negatively associated with com-
bat exposure (r = −.34, P = .011), as well as sever-
ity of anxious arousal symptoms (r = −.32, P = .013).
Thus, participants who had greater exposure to com-
bat, or reported more severe anxious arousal symptoms,
were more averse to ambiguity when making choices be-
tween losses. Ambiguity aversion under losses was un-
related to severity of re-experiencing (r = −.21, P =
.14), avoidance (r = −.20, P = .11), numbing (r = −.04,
P = .79), or dysphoric arousal (r = −.11, P = .45) symp-
toms. Incorporation of numeracy scores (see Supporting
Information Methods) into the model did not change the
results. A Bayesian analysis also corroborated the results
(see Supporting Information Results).

Results of a path analysis (Fig. 4) evaluating the role of
ambiguity attitude under losses in mediating the relation
between combat exposure severity and anxious arousal

symptoms revealed that, while combat exposure was
positively associated with anxious arousal in a bivariate
analysis (r = .31, P = .012), this association was fully me-
diated by ambiguity attitudes under losses. Thus, more
severe combat exposure was associated with stronger
aversion to ambiguous losses (more negative ambiguity
attitude scores), which was in turn associated with more
severe anxious arousal symptoms.

The observed association between attitudes toward
ambiguous losses and PTSD symptomatology suggests
that decision making under ambiguity may serve as a
diagnostic tool for PTSD. In a final exploratory analy-
sis, we therefore reversed our assumptions and instead of
dividing our sample by PTSD status, we divided our par-
ticipants into quartiles based on their attitudes for am-
biguous losses. We found that participants most averse to
ambiguous losses had significantly higher CAPS scores
(54.4, SD = 28.3) than those most seeking ambiguous
losses (29.5, SD = 33.2; t = 2.08, P = .021). This re-
sult held for three symptom clusters, with the ambi-
guity averse group showing significantly greater avoid-
ance (P = .023), anxious arousal (P = .037), and dys-
phoric arousal (P = .004). In addition, while 85.7% of
the subjects in the highest aversion group fit criteria for
PTSD diagnosis, only 41.9% of participants in the other

Figure 4. Standardized coefficients for our model based on path
analyses results. The degree of combat exposure was positively
associated with anxious arousal severity in a bivariate analysis
(standardized coefficient = .31, P = .012), and this association
was fully mediated by ambiguity attitudes under losses. Note
that more negative ambiguity attitudes denote stronger aversion
to ambiguity. Thus, combat exposure severity is associated with
stronger aversion to ambiguous losses, which in turn is associated
with more severe anxious arousal symptoms.
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groups fit similar criteria (two-tailed Fisher’s exact test,
P = .0054), demonstrating possible diagnostic potential
for such derived uncertainty attitude measurements.

DISCUSSION
This study used behavioral economics tools to exam-

ine decision making under risk and ambiguity in combat
veterans with and without PTSD. We found that combat
veterans diagnosed with PTSD were significantly more
averse to ambiguity compared to CC, but only when
making choices associated with potentially negative out-
comes (losses). A dimensional analysis revealed that at-
titudes toward ambiguous losses were negatively associ-
ated with anxious arousal symptoms, as well as with the
degree of combat exposure, and that ambiguity attitudes
fully mediated the positive correlation between combat
exposure and anxious arousal symptoms. Finally, partic-
ipants most averse to ambiguous losses were more likely
to be diagnosed with PTSD, suggesting a potential in-
dependent diagnostic utility of this behavioral measure.

Although the potential link between uncertainty and
PTSD has hardly been explored, there is some evi-
dence that increased uncertainty about the outcome of
distressing events may increase the psychological effect
of those events[12, 32, 33]. A recent study has also shown
that individual intolerance of uncertainty, measured in
a self-report questionnaire, may be associated with sev-
eral PTSD symptoms[12, 32, 33]. Our results are consis-
tent with these initial studies, but are highly novel in
three important ways. First, our task relies on insights
from experimental economics, where choice behavior is
used to directly infer participants’ uncertainty attitudes
in a context that is independent from the trauma. More-
over, participants were paid based on their choices in the
experiment, and thus were encouraged to make choices
that were based on their true preference. Second, the task
allows us to decompose uncertainty attitudes into atti-
tudes toward qualitatively different forms of uncertainty,
ambiguity and risk, and to distinguish between these
attitudes in two separate domains—gains and losses.
Uncertainty attitudes in these different domains tend
to be independent in healthy populations[19, 20, 31], and
were independent in our sample of individuals with
PTSD, and therefore may be differentially associated
with the risk of developing specific psychiatric symp-
toms. Finally, our dimensional analysis revealed a spe-
cific association with anxious arousal symptoms. Anx-
ious arousal, which is characterized by hyperreactivity
to specific trauma cues—hypervigilance and exaggerated
startle responses—is a key component in trauma-related
psychopathology[32] and may contribute to the chronic-
ity of PTSD symptoms[34–36]. Attitudes toward ambigu-
ous losses may therefore serve as a new marker of this
diagnostic construct and inform risk models of the de-
velopment of chronic symptoms. Prospective studies are
needed to evaluate this possibility.

The specificity of our finding to the domain of am-
biguous losses is important for several reasons. First, the

results suggest that veterans with strong symptoms of
anxious arousal are not intolerant of any type of uncer-
tainty, but rather avoid ambiguous options whose out-
come probabilities are not precisely known and would
result in negative outcome. Ambiguity is abundant in
the battlefield, as soldiers frequently face situations that
they have never experienced before, and this ambigu-
ity is foremost about negative consequences, including
the ultimate loss of one’s life. It is possible that those
individuals who are more averse to ambiguity are more
severely impacted by the realization of the same am-
biguous possibility. This in turn may make the same in-
dividuals less able to inhibit stress responses resulting
in chronic anxious arousal. It is also possible that ex-
periencing an adverse outcome following conditions of
high ambiguity leads the individual to develop aversion
to ambiguity around potential negative outcomes. In-
terestingly, while ambiguity attitudes were independent
from risk attitudes in our PTSD sample, as well as in a
general population sample[21], a significant, albeit weak,
correlation was observed in the CC group. The current
study was not powered to further explore that differ-
ence, but an interesting question for future research is
whether psychological resilience to combat and other
traumas is associated with greater coupling between risk
and ambiguity tolerance. Second, the fact that the ob-
served association is unique to expected losses, and does
not extend to the gain domain, implies that it is not a
general cognitive variation, and may not involve the re-
ward circuitry. While several neuroimaging studies have
implicated reward brain structures in encoding subjec-
tive values of losses[37, 38], behavioral studies increasingly
show little or no correlation between choice behavior un-
der gains and losses across individuals[20, 21, 31], suggest-
ing partially overlapping and partially distinct processing
of rewards and punishments. An intriguing possibility is
that this specificity is what makes individuals vulnerable
to developing anxious arousal symptoms, while variation
in the gain domain may predispose individuals to other
symptom clusters, such as substance abuse or patholog-
ical gambling symptoms, not assessed in this study.

Our study is not without limitations. First, it is im-
portant to stress that our results do not allow us to infer
causation—ambiguity aversion may predispose the in-
dividual to stress-related symptomatology, but may also
be a consequence of more severe combat exposure or
PTSD symptoms. Prospective studies, for example com-
paring behavior before and after deployment, are needed
to examine causal relations among these variables. Sec-
ond, our sample consisted entirely of combat veterans,
a population who willingly chose to take part in dan-
gerous and highly uncertain situations. While this was
an important feature of our design, aimed at equating
as much as possible the experience of participants with
and without PTSD, whether PTSD in civilians, who ex-
perienced trauma without choosing to put themselves
in risk, is also associated with aversion to ambiguous
losses remains to be seen. Third, our study design em-
ployed a single experimental paradigm and relied on a
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specific, although widely used, choice model. Although
the results were reached by several different analyses, in-
cluding ANOVA, linear regression, and Bayesian analy-
ses, and also supported by model-free analysis, future
studies are needed to evaluate whether the results of
the current study generalize to more ecologically valid
situations.

Notwithstanding these limitations, choice tasks like
the one used here may be adopted to expand and improve
screening for psychopathology in a variety of contexts.
Standardized behavioral tasks are affordable and easy to
administer. Rather than rely on subjective evaluations,
either by a clinician or by the patients themselves, these
tasks provide objective evaluation tools by incentiviz-
ing patients to express their true preferences. Results of
this study also provide an initial proof-of-concept for the
potential utility of computational behavioral methods in
psychiatric research[6, 39]. The combination of behavioral
tasks and model-based analysis provides insights into la-
tent behavioral variables that are not directly observed.
This approach can help in elucidating existing symp-
tomatology, or inform the development of new mediat-
ing markers, as well as the personalization of treatment.
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