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Abstract
In this study, we assessed value-based decision making in individuals diagnosed with mental illness. Two metaanalyses were conducted of studies that used the Iowa Gambling Task (IGT) to assess value-based decision making.
In the first meta-analysis (63 studies, combined N = 4,978), we compared IGT performance in healthy populations
and populations with mental illness. In the second meta-analysis (40 studies, combined N = 1,813), we examined raw
IGT performance scores as a function of type of mental illness. The first meta-analysis demonstrated that individuals
with mental illness performed significantly worse than did healthy control individuals. The second meta-analysis
demonstrated no performance differences based on type of mental illness. These findings suggest that value-based
decision making is a promising target for transdiagnostic analyses of processes that go awry in mental illness. A critical
priority for future work, given that impairment in the IGT could arise from changes in several decision processes, will
be to investigate the specific decision processes affected in different mental illnesses.
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Research in mental illness is beginning to shift emphasis
away from disorder symptoms and toward basic processes that can go awry across several disorders
(Sanislow et al., 2010). Mental illness is currently organized according to clinical syndromes, but critics of
this approach point to notable heterogeneity within
syndromes and comorbidity and overlapping features
across syndromes (for a more detailed review, see
Follette, 1996). As an alternative to the syndrome
approach, psychologists are increasingly studying—and
sometimes even treating—basic processes that cut
across traditional mental-illness categories. This crosscutting approach has begun to shape funding priorities
at the National Institute of Mental Health, for example,
through the recently introduced research domain criteria proposal (Insel et al., 2010).
Within a process framework, one category of processes that might be worth investigating is the set involved
in value-based decision making. We use the term valuebased decision making to denote the set of processes that
is the object of study in behavioral and experimental economics and in the psychology of decision making (including consumer behavior). We use this term to distinguish

value-based decision making both from the cognitive
psychology of reasoning and judgment and from the
psychophysical study of perceptual decisions.
Two kinds of evidence suggest that processes involved
in value-based decision making might be affected by
mental illness. First, the neural circuitry implicated in
value-based decision making overlaps with that known
to be impaired in mental illness. Studies on the neuroscience of value-based decision making have focused on
the fundamental role of medial frontal and orbitofrontal
cortex, striatum, amygdala, and the modulatory neurotransmitter systems that project to these regions (Bartra,
McGuire, & Kable, 2013; Kable & Glimcher, 2007, 2009;
Rangel & Hare, 2010). It is interesting that these very
same regions also demonstrate neurochemical and functional disruption in different mental illnesses (e.g., Dom,
Sabbe, Hulstijn, & Van Den Brink, 2005; Verdejo-García &
Bechara, 2009; Verdejo-García, Pérez-García, & Bechara,
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2006), including obsessive-compulsive disorder (OCD;
Cavedini et al., 2002; Lawrence et al., 2006); depression
(Grecius et al., 2007; Mayberg, 2006; Murphy et al., 2001);
alcohol, cocaine, and stimulant abuse (Bechara et al.,
2001; Volkow & Fowler, 2000); pathological gambling
(Brand et al., 2005); and personality disorders (Raine,
Lencz, Bihrle, LaCasse, & Colletti, 2000). Second, there is
some empirical evidence for differences in value-based
decision making between individuals with mental illness
and healthy control individuals, with examples in schizophrenia (Sevy et al., 2007), OCD (Tolin, Abramowitz,
Brigidi, & Foa, 2003), substance dependence (Bechara
et al., 2001; Bickel & Marsch, 2001), and depression
(Clark, Chamberlain, & Sahakian, 2009).
This theoretical and empirical evidence has led some
researchers to propose that studies of value-based decision making hold much promise for disentangling the
fundamental processes that go awry in different forms of
mental illness. Previous work on value-based decision
making in healthy individuals provides exactly the right
tools—both the key theoretical constructs and the laboratory tasks to measure them—needed for this effort.
Montague, Dolan, Friston, and Dayan (2012) have even
coined a name for this nascent field, “computational psychiatry,” and reviewed some of the early studies employing this research approach (for further qualitative
reviews, see also Cavedini, Gorini, & Bellini, 2006; Sevy
et al, 2007).
Although there is reason for excitement about computational psychiatry, there also remains significant uncertainty about how fruitful this research strategy might
prove to be. Most researchers have compared a single
population of individuals with mental illness with healthy
control participants. The studies to date often involve
small sample sizes, and this lack of power has led to
inconsistencies across studies, which means that it is
unclear whether value-based decision making is indeed
impaired in mental illness. Furthermore, given that in
most studies, researchers have investigated only a single
clinical group, and that different studies use different
tasks, it is unclear whether some forms of mental illness,
compared with other forms, might demonstrate more
impairment in value-based decision making. We conducted quantitative meta-analyses to answer these two
main questions, namely, (a) whether people with mental
illness display significantly impaired value-based decision
making relative to healthy individuals, and (b) whether
there are any differences in value-based decision making
across populations with different mental illnesses. The
answers to these questions should inform the prospects
for computational psychiatry—that is, the extent to which
researchers should study value-based decision making in
mental illness at all and, if so, for which mental illnesses
these studies might prove most important.

To answer these questions, we focused our metaanalyses on the one task sensitive to value-based decision-making processes that has been used widely across
all types of mental illness, the Iowa Gambling Task (IGT;
see the Method section for a full description of the criteria and search procedure used to select the IGT). The
IGT is a standardized instrument that assesses decision
making in ambiguous situations (Bechara, Damasio,
Damasio, & Anderson, 1994). In the IGT, individuals
choose cards from among four decks (decks labeled A,
B, C, and D). Choices from two of the four decks (C and
D) result in moderate gains as well as moderate losses.
Choices from the other two decks (A and B) result in
much higher gains as well as much higher losses.
Consistent choices from decks C and D result in a net
gain, whereas consistent choices from decks A and B
result in a net loss. Thus, decks C and D are considered
“advantageous,” and decks A and B are considered “disadvantageous.” Performance is typically characterized by
the number of choices of the advantageous decks minus
the number of choices of the disadvantageous decks.
Participants are unaware of these facts and must learn to
maximize their monetary gain on the basis of the feedback they receive after each choice. Typical performance
evolves during the course of the task, and most healthy
participants make more choices from the advantageous
decks by the end of the task.
As this description should make clear, the IGT taps
into many different aspects of value-based decision
making, including one’s tolerance for risk and ambiguity
(Ellsberg, 1961; Holt & Laury, 2002; Levy, Snell, Nelson,
Rustichini, & Glimcher, 2010), the degree to which one
weights losses versus gains (Kahneman & Tversky, 1979),
and how well one learns on the basis of positive and
negative feedback (Pessiglione, Seymour, Flandin, Dolan,
& Frith, 2006; Schönberg, Daw, Joel, & O’Doherty, 2007;
Vaidya, Knutson, O’Leary, Block, & Magnotta, 2013). This
limits the IGT’s specificity in terms of the target decision
process affected (at least when overall performance is
analyzed as in the studies we reviewed, as opposed to
studies that have used computational modeling to tease
apart these various factors; e.g., Ahn, Krawitz, Kim,
Busemeyer, & Brown, 2011; Fridberg et al., 2010; Weller,
Levin, & Bechara, 2010). However, the flip side of this
lack of specificity is sensitivity to many different aspects
of value-based decision making. This sensitivity is useful
for our purpose, which is to assess whether value-based
decision-making processes are impaired at all in mental
illness and to compare the degree of any impairment
broadly across different mental illnesses. The IGT can
thus serve to screen for potential impairments in valuebased decision making and, therefore, provides a sensible starting point for the first quantitative comparison of
value-based decision making across mental illnesses.
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We performed two meta-analyses across all studies that
used the IGT to assess decision making in a population
with mental illness. The first meta-analysis looked at effect
sizes for comparisons between healthy individuals and
those with mental illness. We were particularly interested
in whether there was a significant effect across all mental
illnesses and whether effect sizes reliably differed across
disorders. A follow-up meta-analysis evaluated the raw
scores from the IGT across different mental illnesses,
rather than the differences in performance against
matched healthy participants. This meta-analysis allowed
a direct comparison of performance across disorders.

substance abuse/dependence were prominently featured
(20 articles). A preliminary review of 282 articles on studies that used the IGT revealed that the task would meet
our criteria. Although we had hoped to be able to compare
mental-health disorders on more than one task of valuebased decision making, the IGT provides a sensible starting point for the first quantitative comparison, given that
this task was used to initially identify both deficits in populations with brain lesions and activations in functional
imaging studies that were later proven relevant to several
other tasks that assess value-based decision making.

Search procedure
Method
Selection of the IGT
Given that our goal was to assess and compare valuebased decision making across different forms of mental
illness, we first searched for decision-making tasks that
had been used widely enough for this purpose. An initial
PsychINFO screen through February 2011 used decision
making and specific disorders (e.g., obsessive-compulsive
disorder or OCD) as descriptors. This broad search identified three value-based decision-making tasks that had
been widely used in studies of mental illness: the IGT,
the Delay Discounting Task, and the Balloon Analogue
Risk Task. Three further searches were conducted
on PsychINFO through February 2011. The first search
used the following descriptors: Delayed Discounting
Task or Kirby Delay Discounting Measure or Temporal
Discounting Task or Discounting Task or Probability
Discounting Task. The second search used Balloon
Analogue Risk Task or Balloon Analogue Risk Taking
Task as descriptors. The third search used Iowa Gambling
Task or IGT as descriptors. All three searches were
restricted to search the adult population (keyword =
adult). The selection of the final task or tasks was made
on the basis of two criteria—the task had been used
to assess impairment across mental-illness categories
(e.g., OCD, mood disorder, eating disorder, substancedependence disorder, pathological gambling, schizophrenia, and personality disorder) and there were at
least three independent studies in which impairment
was assessed within each disorder category by using that
task. We felt it was important to be able to compare
across mental illnesses with the same exact task, given
that different value-based decision-making tasks assess
different constructs or combinations of constructs.
From these searches, we found only one task that met
our criteria: the IGT. Of the 40 articles reviewed that used
the Balloon Analogue Risk Task, only 3 fulfilled criteria
for the present study. Of the 149 articles reviewed that
used the Delay Discounting Task, only populations with

The broad clinical population under investigation prevented the use of specific and narrow search terms. Thus,
the behavioral task of interest, the IGT, was used as a
search term, and the available literature was assessed
with respect to clinical pathology. Potentially relevant
studies were identified via Google Scholar and PsychINFO
searches through January 2012 using the descriptors
Iowa Gambling Task or IGT and restricting the search to
the adult population (keyword = adult).
The database searches were supplemented in several
ways to ensure comprehensiveness. The reference lists of
relevant reviews, chapters, and articles were manually
searched for potentially eligible studies. The electronic
library of the second author, who specializes in decision
making, was also searched. From a provisional list of
included studies, four researchers who frequently publish relevant studies were identified, and Google Scholar
and PsychINFO searches were performed using these
authors’ names as search terms. Several steps were also
taken to address publication bias. Unpublished dissertations were included in the PsychINFO search. The four
authors who frequently publish relevant studies were
also contacted and asked whether they had any unpublished studies pertinent to the research question. One
researcher (Davis, 2011) provided unpublished data
included in the study. Conference abstracts from the
Society for Neuroeconomics (2005–2012), Society for
Neuroscience (2000–2012), and Cognitive Neuroscience
Society (2003–2012) were also searched. These abstract
searches generated one additional study (Dolan, Bechara,
& Nathan, 2007) that fit all inclusion criteria and was
included in the final meta-analyses.
Studies had to meet the following inclusion criteria to
be included in either meta-analysis:
(a) The study was published in English (to ensure
proper coding).
(b) The sample consisted only of adult participants.
This ensures comparable neurodevelopmental
baselines across samples.
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Studies included in metaanalysis:
Mental illness (n = 65;
excluding outliers, n = 63)
Frontal lobe lesions (n = 6)

Studies did not include
population with mental
illness (n = 172)

Full-text articles excluded:
(n = 105)
No control (n = 29)
No clinical population (n = 15)
No IGT (n = 11)
No interview (n = 19)
Same sample (n = 5)
Review (n = 7)
Nonadult sample (n = 3)
Insufficient data (n = 16)

Fig. 1. Flowchart illustrating identification of included studies for the Iowa Gambling Task (IGT)
between-group meta-analysis.

(c) For mental-illness diagnosis, only studies using
clinical interview methods based on the
Diagnostic and Statistical Manual of Mental
Disorders (4th ed.; DSM–IV; American Psychiatric
Association, 1994) guidelines were used. Selfreport questionnaires could not be the sole source
for establishing diagnosis. This helps improve reliability and validity of a diagnosis across studies.
For inclusion in the effect size meta-analysis, studies
additionally had to include a comparison group of
healthy participants and report sufficient details for an
effect size to be calculated. For inclusion in the raw score
meta-analysis, studies had to include one or both of the
following: IGT net score means and standard deviations
and block IGT scores and means for the clinical group
under investigation (for a reference list of studies included
in both meta-analyses, see Meta-Analyses References in
the Supplemental Material available online).
Finally, to benchmark the IGT performance of populations with mental illness, we compared their performance
with that of populations with brain lesions. Only studies
using participants with ventromedial prefrontal cortex or
frontal cortex lesions were selected; studies that involved
traumatic brain injury were excluded from analysis. Given

their known impairment on the IGT (Bechara, Damasio,
Damasio, & Lee, 1999; Bechara et al., 1994; Bechara,
Tranel, & Damasio 2000), this group was included as a
comparison to assess the severity of any deficits in
mental illnesses.

Selection of studies
The combined search for both meta-analyses yielded 348
studies, of which 176 were retained for evaluation for
inclusion (see Figs. 1 and 2 for flowcharts illustrating
identification of studies). Of these 176 studies, 6 studied
populations with lesions and were used for comparison
with populations with mental illness. Sixty studies were
excluded from both meta-analyses for the following reasons: described a study that did not include a clinical
population (n = 15), did not include the IGT as one of its
decision-making assessment tasks (n = 11), did not use
interview techniques and DSM–IV guidelines to determine mental-health diagnosis or relied on self-report
measures (n = 19), was a repetition of the same sample
described in another study (n = 5), was a review or theoretical article (n = 7), or included a population group
other than adults (n = 3). For the effect size meta-analysis,
45 additional studies were excluded from analysis because

Downloaded from cpx.sagepub.com at UNIV OF PENNSYLVANIA on November 24, 2014

771
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Records identified through
database searching and reference
review (n = 348)

Full-text articles assessed for
eligibility
(n = 176)

Included

Identification
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Studies included in metaanalysis:
Mental illness (n = 41;
excluding outliers, n = 40)
Frontal lobe lesions (n = 4)

Studies did not include
population with mental
illness (n = 172)

Full-text articles excluded:
(n = 131)
No clinical population (n = 15)
No IGT (n = 11)
No interview (n = 19)
Same sample (n = 5)
Review (n = 7)
Nonadult sample (n = 3)
Insufficient data (n = 71)

Fig. 2. Flowchart illustrating identification of included studies for the Iowa Gambling Task (IGT) mean
performance meta-analysis.

they did not include a healthy adult comparison group
(n = 29) or they reported inadequate data for the calculation of effect sizes (n = 16). For the raw score meta-analysis,
69 additional studies were excluded from analysis because
they reported inadequate data for the calculation of performance scores. Thus, there were 65 articles, comprising 65 studies, that met criteria for the effect size
meta-analysis and 41 articles, comprising 41 studies, that
met criteria for the raw score meta-analysis. When a secondary source was available for a given study, the primary
source was used to calculate the effect size unless reported
data were insufficient. For comparison of effects sizes,
6 studies involving populations with lesions were available. For comparison of raw scores, only 4 of these studies were included because the others provided insufficient
data to calculate net mean IGT performance and standard
errors for the group with lesions. One author provided
the necessary data for 3 of the 4 studies (Bechara et al.,
1994; Bechara et al., 1999; Bechara et al., 2000).

Coding of studies
Given that one of our central questions was whether
IGT performance varies with type of mental illness,
studies were coded for both the specific type of primary

mental-health disorder (OCDs, mood disorders, eating
disorders, schizophrenia, substance abuse/dependence
disorders, pathological gambling disorder, and personality disorders) and broadly into personality versus nonpersonality primary disorders. This broad distinction is
interesting given the collapsing of Axis I and II disorders
in the DSM–5 (5th ed.; American Psychiatric Association,
2013). Lack of a difference between personality and nonpersonality disorders would be in alignment with the collapsing of Axis I and II categories in the DSM–5. Studies
were also coded for other variables that could explain
heterogeneity in effects and that were consistently
reported in all studies. Because intelligence is known to
affect value-based decision making (Burks, Carpenter,
Goette, & Rustichini, 2009), each study was coded for
whether an intelligence assessment was administered,
and if intelligence was assessed, for whether there was a
significant difference between the clinical and healthy
groups. Studies were also coded for whether the study
excluded participants with substance abuse/dependence
and for whether the study excluded participants with
traumatic brain injury or other neurological impairment
(Dom et al., 2005). Comorbidity between mental disorders could be another important factor, as could whether
individuals with mental-health disorders are currently
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undergoing treatment and how long the individuals had
been diagnosed with the disorder. Unfortunately, none
of these factors were consistently reported across studies and, thus, could not be examined.

Independence of effect sizes
To meet the statistical assumption of independence of
effect sizes, we took several steps to ensure that each
study contributed only one effect size to each set of analyses (Lipsey & Wilson, 2001). For example, researchers
may publish more than one article using the same data
set or may include data used in a previous publication.
Because this would violate the independence of effect
sizes assumption, authors with multiple publications were
contacted to provide information on whether completely
independent clinical samples were recruited if they had
investigated the same clinical group in more than one
published article. Furthermore, in studies that included
multiple clinical populations and a single healthy control
group, only the clinical population with the largest sample size was used in the effect size meta-analysis, given
that including multiple effect sizes calculated from the
same control group would violate the independence
assumption. For studies that subdivided their target clinical population into subgroups (e.g., alcohol dependence
with personality disorder and alcohol dependence without personality disorder) and reported data for each subgroup, the combined means and standard deviations for
those subgroups were calculated to increase sample size
and ensure independence of effect sizes.

Meta-analytic procedure and analyses
Weighted mean effect sizes, heterogeneity analyses, and
moderator analyses were conducted using Comprehen
sive Meta-Analysis, Version 2.2.046 (Borenstein, Hedges,
Higgins, & Rothstein, 2005). Because the eligible studies
used different samples, and methodologies, considerable
heterogeneity of effects was expected. Fixed-effects models
assume that the true effect size is the same in all studies,
and any variability in effect sizes between studies is attributed to random error. By contrast, random-effects models
assume that the true effect may vary systematically from
study to study. Given the expected dispersion of effect
sizes, random-effects analyses were used to model two
aspects of the observed variance: random within-study
variance and systematic between-study variance. Each
effect size was weighted to account for its relative precision
on the basis of the standard error of the effect size (withinstudy variance) and tau-squared (between-study variance).
Effect sizes. Effect sizes for between-group com
parisons were coded such that a negative effect size

indicated impaired decision-making performance in the
clinical group relative to the control group. Hedges’s g
(Hedges, 1981) was employed as a measure of effect size.
The conventions typically used to interpret Cohen’s d can
also be applied to Hedges’s g: An effect size of 0.2 is
considered small, 0.5 is considered moderate, and 0.8 is
considered large (Cohen, 1988). For studies that did not
provide sufficient data for an effect size calculation but
reported nonsignificant results, an effect size of 0 was
entered (Lipsey & Wilson, 2001). Given the range of
study designs and purposes, methodological quality was
not quantified or used in the weighting of effect sizes.
Raw scores. For the raw score meta-analysis, performance on the IGT was expressed as the number of selections of good decks minus the number of selections of
bad decks. Mean scores were calculated. Mean performance can range widely, and healthy control participants
typically score in the positive range.
Outliers. Final effect sizes or raw scores greater than or
equal to 3 SD above or below the weighted mean were
identified as outliers. Two outliers were detected (Dolan
et al., 2007; Dom, De Wilde, Hulstijn & Sabbe, 2007) in
the effect size meta-analysis. One outlier was detected
for the raw score meta-analysis (Maurex et al., 2009).
The results presented here exclude the outliers, such
that the final effect size meta-analysis included 63 studies and the final raw score meta-analysis included 40
studies. The results did not differ significantly when the
outliers were included. Details of all studies in the metaanalyses, including the three studies judged as outliers,
are provided in Tables 1 and 2.
Publication bias. Publication bias (also called the “file
drawer problem”) presents a serious challenge for any
meta-analysis. Studies with nonsignificant findings or
small effect sizes have a decreased probability of being
published, which can result in inflated estimates of effect
size in meta-analyses of published findings. As detailed
earlier, several steps were taken in the initial search stage
to reduce the potential effect of publication bias
(although, admittedly, these steps recovered only two
unpublished studies).
We also tested statistically for the effects of publication bias in two ways. First, a funnel plot was created
and visually examined. This graph plots the standard
error for each study (determined by the study’s sample
size) against the study’s effect size. The name “funnel
plot” derives from the predicted presence of an inverted
funnel. Studies with larger sample sizes provide more
reliable estimates of the effect size and therefore should
cluster more tightly around the mean toward the top of
the plot, whereas smaller studies provide more variable
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Table 1. Characteristics of Studies That Assessed Decision-Making Performance in Clinical Populations Using the Iowa
Gambling Task

Study

Clinical
type

Disorder
type

Diagnosis

N

Adida et al., 2008
Adida et al., 2011
Barry & Petry, 2008
Bechara et al., 1994
Bechara et al., 2001
Boeka & Lokken, 2006
Bolla et al., 2003
Bolla et al., 2005
Borges et al., 2011
Brogan et al., 2010
Cavedini et al., 2001
Cavedini et al., 2002
Cavedini et al., 2004
Cavedini et al., 2010
Choi et al., 2011
Clark et al., 2001
Clark et al., 2003
Da Rocha et al., 2011
Davis, 2011
Dolan et al., 2007*
Dom et al., 2007*
Easton et al., 2008
Evans et al., 2005
Forbush et al., 2008
Fridberg et al., 2010
Gonzalez-Blanch et al., 2008
Grant et al., 2000
Grisham et al., 2007
Guillaume et al., 2010
Haaland & Landro, 2007
Hanson et al., 2008
Jollant et al., 2005
Kertzman et al., 2011
Kjome et al., 2010
Lane et al., 2010
Lawrence et al., 2006
Liao et al., 2009
Linnet et al., 2006
Linnet et al., 2011
Loeber et al., 2009
MacPherson et al., 2009
Malloy-Diniz et al., 2009
Malloy-Diniz et al., 2011
Manes et al., 2002
Martino et al., 2007
Martino et al., 2011
Maurex et al., 2009
Mazas et al., 2000
Miranda et al., 2009
Must et al., 2006

Psych
Psych
Psych
Lesion
Lesion
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Lesion
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Lesion
Psych
Psych
Lesion
Psych
Psych
Psych
Psych
Psych
Psych

Mood
Mood
Sub
Frontal
Frontal
ED
Sub
Sub
Anx
ED
PG
Anx
ED
Anx
Schiz
MD
Frontal
Anx
ED
Sub
Sub
Sub
Schiz
PG
Sub
Schiz
Sub
Anx
ED
PD
Sub
MD
PG
Sub
Sub
Anx
ED
PG
PG
Sub
Frontal
MD
MD
Frontal
Schiz
MD
PD
PD
Sub
MD

Bipolar
Bipolar
Multiple
Frontal
Frontal
BN
Cocaine
Marijuana
OCD
BN and AN
PG
OCD
AN
OCD
Schiz
Bipolar
Frontal
OCD
BED
Multiple
Alcohol
Alcohol
Schiz
PG
Marijuana
Schiz
Multiple
OCD
BN and AN
BPD
Multiple
Bipolar
PG
Cocaine
Cocaine
OCD
BN
PG
PG
Alcohol
Frontal
Bipolar
Bipolar
Frontal
Schiz
Bipolar
BPD
ASPD
Alcohol
MDD

90
195
168
50
45
40
26
22
118
59
60
68
141
66
48
45
62
214
191
68
91
25
38
59
32
91
54
60
170
35
81
107
108
86
33
79
77
100
30
84
38
89
189
32
36
119
78
53
60
50

Intelligence Intelligence
assessment significant
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
No
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No

NA
No
No
NA
No
No
No
No
Yes
NA
No
NA
NA
NA
No
Yes
No
No
NA
NA
NR
Yes
NR
Yes
No
Yes
Yes
Yes
Yes
Yes
No
No
NA
Yes
No
No
No
NA
NA
No
NA
No
No
No
No
No
NA
No
Yes
NA

Substance–
abuse
TBI
Hedges’s
exclusion exclusion
g
No
Yes
No
No
Yes
Yes
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
Yes
No
No
No
No
Yes
No
Yes
No
No
Yes
No
Yes
No
No
Yes
No
No
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
No
Yes

Yes
No
Yes
No
No
Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
Yes
Yes
No
No
No
No
Yes
No
No
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
No
No
No
Yes
Yes
No
No
Yes
No
No
No
No
Yes
Yes
No
No
No
No

–1.08
–0.57
–0.49
–1.50
–1.05
–0.92
–0.32
–1.16
–0.15
–0.94
–1.24
–0.95
–0.94
–1.44
–0.06
–0.79
–1.09
–0.63
–0.24
–3.15
–2.28
–1.53
0.00
0.00
–0.95
–0.04
–0.60
–0.15
0.00
–1.49
–0.54
–0.29
–0.65
–0.81
–0.70
–0.02
–0.50
–0.34
0.00
–0.02
–0.89
–1.09
–0.69
–1.28
–0.60
–0.04
–0.37
–1.10
–0.72
–1.35
(continued)
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Table 1. (Continued)

Study

Clinical
type

Disorder
type

Intelligence Intelligence
assessment significant

Diagnosis

N

Nakamura et al., 2008
Nielen et al., 2002
Petry et al., 1998
Pirastu et al., 2006
Premkumar et al., 2008
Premkumar et al., 2010
Raffard et al., 2011
Ritter et al., 2004
Rodríguez-Sánchez et al., 2005
Salgado et al., 2009
Sevy et al., 2007
Shirayama et al., 2010
Shurman et al., 2005
Starcke et al., 2010
Vadhan et al., 2009
Van Toor et al., 2011
Wesley et al., 2011
Woicik et al., 2009
Xi et al., 2011
Yip et al., 2009
Zhang et al., 2011

Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Psych
Lesion
Psych
Psych

Schiz
Anx
Sub
Sub
Schiz
Schiz
Schiz
Schiz
Schiz
Sub
Schiz
Schiz
Schiz
Anx
Sub
Sub
Sub
Sub
Frontal
Schiz
Sub

Schiz
OCD
Heroin
Opiate
Schiz
Schiz
Schiz
Schiz
Schiz
Alcohol
Schiz
Schiz
Schiz
OCD
Cocaine
Multiple
Marijuana
Cocaine
Frontal
Schiz
Heroin

49
53
93
69
100
45
128
35
102
61
47
37
49
45
46
62
32
90
46
63
39

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes

Yes
No
No
Yes
Yes
NR
Yes
No
No
No
Yes
No
NA
No
Yes
NA
No
No
No
Yes
No

Substance–
abuse
TBI
Hedges’s
exclusion exclusion
g
No
No
No
No
Yes
Yes
No
No
Yes
No
No
Yes
Yes
Yes
No
No
No
No
Yes
Yes
No

No
No
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
No
No

–0.76
0.00
–0.38
–0.67
–0.48
–0.47
–0.46
–0.74
–0.13
–0.94
–0.35
–0.43
–1.54
–1.07
–1.09
–0.94
–0.28
–0.08
–0.92
–0.70
–0.64

Note: AN = anorexia nervosa; Anx = anxiety disorder; ASPD = antisocial personality disorder; BED = binge eating disorder; BN = bulimia nervosa;
BPD = borderline personality disorder; ED = eating disorder; Frontal = frontal lobe lesion; Lesion = frontal lobe lesions or ventro medial lesions;
MD = mood disorder; MDD = major depressive disorder; Multiple = multiple substance use; NA = not applicable; NR = not reported; OCD =
obsessive-compulsive disorder; PD = personality disorder; PG = pathological gambling; Psych = mental illness; Schiz = schizophrenia; Sub =
substance abuse/dependence; TBI = traumatic brain injury. Asterisks indicate studies excluded as outliers. For a reference list of studies included
in the meta-analyses, see Meta-Analyses References in the Supplemental Material.

estimates and therefore should scatter more widely
around the mean toward the bottom of the plot. In the
presence of publication bias, the plot becomes asymmetrical, typically with fewer small-sample-sized studies
than would be predicted with effect sizes smaller than
the mean. The trim-and-fill procedure was then applied
to the funnel plot (Duval & Tweedie, 2000). This procedure calculates the likely number of missing studies on
the basis of the asymmetry in the funnel plot and produces an effect size and confidence interval adjusted to
account for these missing studies. An important caveat
to the use of these procedures is that funnel plots and
the trim-and-fill procedure assume homogeneity of
effect sizes. Heterogeneous data sets violate this assumption; thus, the use of these techniques in such cases
(which include the present cases) should be interpreted
with caution.
Publication bias was also examined using classic
fail-safe values (Rosenthal, 1979). The fail-safe value
determines the number of missing studies with a
mean effect of 0 that would need to be added to the
analysis before the two-tailed p value would be greater

than .05. Tolerance levels were also calculated on the
basis of the equation 5K + 10, where K is the number of
observed studies, proposed by Rosenthal (1979) to
determine what would be considered an unlikely number of nonsignificant studies.
Homogeneity of effect sizes. The present data set
was tested for homogeneity of effect sizes using the
Q statistic (Hedges & Olkin, 1985) and the I2 statistic
(Cooper, 2010; Higgins & Thompson, 2002; Lipsey &
Wilson, 2001). The Q statistic has a chi-square distribution and tests whether the observed dispersion is significantly larger than the expected dispersion based on
within-study error. A significant Q statistic suggests that
the distribution of effect sizes around the mean is greater
than what would be predicted from sampling error
alone. The I2 statistic estimates the percentage of the
variance that is attributable to between-studies variability as opposed to within-studies sampling error;
percentages of 25, 50, and 75 generally indicate low,
moderate, and high degrees of heterogeneity, respectively (Higgins, Thompson, Deeks, & Altman, 2003).
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Table 2. Characteristics of Studies That Reported Raw Mean Performance on the Iowa Gambling Task (IGT) in Clinical
Populations
Study name
Adida et al., 2008
Alfonso et al., 2011
Alvarez-Moya et al., 2011
Barry & Petry, 2008
Bechara et al., 1994
Bechara et al., 1999
Bechara et al., 2000
Bolla et al., 2003
Bolla et al., 2005
Borges et al., 2011
Clark et al., 2003
da Rocha et al., 2008
da Rocha et al., 2011
Davis, 2011
Dolan et al., 2007
Dom et al., 2007
Gonzalez-Blanch et al., 2008
Grant et al., 2000
Grisham et al., 2007
Haaland & Landro, 2007
Jollant et al., 2005
Kjome et al., 2010
Linnet et al., 2006
Loeber et al., 2009
Malloy-Diniz et al., 2009
Malloy-Diniz et al., 2011
Martino et al., 2007
Maurex et al., 2009*
Mazas et al., 2000
McNeely et al., 2008
Miranda et al., 2009
Nakamura et al., 2008
Pirastu et al., 2006
Premkumar et al., 2008
Premkumar et al., 2010
Ritter et al., 2004
Rodriguez-Sanchez et al., 2005
Salgado et al., 2009
Sevy et al., 2007
Shirayama et al., 2010
Shurman et al., 2005
Starcke et al., 2010
van Toor et al., 2011
Wesley et al., 2011
Yip et al., 2009

Disorder type

Diagnosis

N

Mean IGT
performance

Mood
Substance
Gambling
Substance
Lesion
Lesion
Lesion
Substance
Substance
Anxiety
Lesion
Anxiety
Anxiety
Eating disorder
Substance
Substance
Psychotic disorder
Substance
Anxiety
Personality disorder
Mood
Substance
Gambling
Substance
Mood
Mood
Psychotic disorder
Personality disorder
Personality disorder
Mood
Substance
Psychotic disorder
Substance
Psychotic disorder
Psychotic disorder
Psychotic disorder
Psychotic disorder
Substance
Psychotic disorder
Psychotic disorder
Psychotic disorder
Anxiety
Substance
Substance
Psychotic disorder

Bipolar
Polysubstance
Pathological gambling
Polysubstance
Frontal
Frontal
Frontal
Cocaine
Marijuana
OCD
Frontal
OCD
OCD
Binge eating disorder
Polysubstance
Alcohol
Schizophrenia
Polysubstance
OCD
Borderline personality disorder
Bipolar
Cocaine
Pathological gambling
Alcohol
Bipolar
Bipolar
Schizophrenia
Borderline personality disorder
Antisocial personality disorder
Major depressive disorder
Alcohol
Schizophrenia
Opioid
Schizophrenia
Schizophrenia
Schizophrenia
Schizophrenia
Alcohol
Schizophrenia
Schizophrenia
Schizophrenia
OCD
Polysubstance
Marijuana
Schizophrenia

45
34
88
131
6
19
10
13
11
101
41
49
107
85
38
38
70
30
30
20
25
66
61
48
36
95
21
48
21
6
39
24
48
75
30
20
80
31
27
19
39
23
31
16
42

–1.50 (3.94)
–6.72 (2.49)
–1.10 (2.75)
2.30 (1.76)
–25.5 (11.54)
–20.67 (6.76)
–10.60 (2.4)
6.17 (7.13)
8.47 (4.37)
–3.71 (2.08)
–1.07 (3.26)
–2.29 (1.77)
–4.96 (1.24)
3.92 (2.85)
–2.10 (1.26)
2.40 (0.83)
–1.10 (3.12)
10.20 (4.70)
5.28 (1.20)
–9.85 (5.44)
9.20 (5.12)
0.09 (2.77)
–0.31 (3.13)
0.90 (1.16)
–1.03 (4.34)
3.89 (2.49)
0.76 (6.12)
18.90 (4.03)
2.95 (3.79)
–3.10 (1.22)
1.43 (3.28)
–3.83 (5.54)
11.30 (0.91)
4.45 (1.39)
2.80 (2.16)
–5.20 (4.41)
–1.63 (3.09)
1.03 (2.62)
–5.00 (3.46)
–4.74 (3.10)
1.90 (3.01)
–1.50 (5.62)
–3.46 (4.73)
–3.38 (2.18)
5.20 (4.17)

Note: Standard errors shown in parentheses. OCD = obsessive-compulsive disorder. Asterisk indicates study excluded as an outlier. For a
reference list of studies included in the meta-analyses, see Meta-Analyses References in the Supplemental Material.
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0.0
0.1

Standard Error

Moderator analyses. Given evidence of substantial
heterogeneity of effects sizes, moderator analyses were
conducted on variables that might be associated with
study effects and were consistently reported across
studies (see the Coding of Studies section). Analysis of
variance was conducted for categorical moderators
using a mixed-effects model for each variable hypothesized to influence the effect size. This model consisted of a random-effects model, which combined
studies within each subgroup, and a fixed-effect model
that combined subgroups to determine the overall
effect. Where applicable, the strength of differences
based on moderator analyses was calculated using
Cohen’s d.

0.2
0.3
0.4
0.5
–2.0

–1.5

–1.0

–0.5

0.0

0.5

1.0

1.5

2.0

Hedges’s g
Fig. 3. Effect size meta-analysis funnel plot.

Results
Sixty-three studies contributed to the effect size metaanalysis and 40 studies to the raw score meta-analysis.
Study and sample characteristics are presented in Tables 1
and 2, respectively.

Results for effect size meta-analysis
The results of the random-effects model for effect size
indicated that participants with mental illness performed
reliably worse on the IGT than did healthy control participants, with a moderately large effect size. Individual
study effect sizes ranged from 0 to –1.55 (negative effect
sizes indicate impaired performance in the clinical population). The average effect size was –0.58, 95% confidence interval (CI) = [–0.68, –0.48], p < .001. Cohen’s U3
provides an intuitive metric to comprehend the magnitude of this effect size. A magnitude of –0.58 implies that
73% of participants in the clinical population could be
expected to perform worse on the IGT than the mean
performance level of healthy control participants (Lipsey
& Wilson, 2001).
Although there was evidence of publication bias, the
difference between individuals with mental illness and
healthy control individuals was robust to this bias. The
fail-safe value was 5,172, far exceeding the proposed tolerance levels of what would be considered an unlikely
number of nonsignificant studies (350). The funnel plot
was asymmetric, with an absence of potential studies on
the lower right-hand side of the funnel (see Fig. 3); trimand-fill procedures suggested that 13 studies with effect
sizes to the right of the mean (more strongly positive)
were missing. The corrected average effect size based
on the trim-and-fill procedure (Duvall & Tweedie, 2000)
was –0.44, 95% CI = [–0.55, –0.33].
We expected heterogeneous effect sizes, given that
the populations comprised diverse mental illnesses. The
Q statistic indicated significant heterogeneity among the

effect sizes (p < .001). The I2 value indicated moderate
levels of heterogeneity; 60.71% of the variance in effect
sizes was attributable to between-study variance.
Because the Q statistic and I2 value indicated significant heterogeneity, an analysis of potential moderators
was conducted to assess whether effect sizes differed on
the basis of study characteristics (see Table 3). Neither
type of mental illness, Q(6) = 4.60, p = .60, nor personality/other type, Q(1) = 1.79, p = .18, d = 0.34, was a significant moderator. However, in the case of personality/
other type, lack of power may be a potential reason for
the lack of significant findings. The trend was for the
effect size in populations with nonpersonality disorders,
formerly Axis I disorders (g = –0.56, n = 60), to be lower
than that in populations with personality disorders, formerly Axis II disorders (g = –0.90, n = 3).
A significant moderator of effect size was the assessment of intellectual functioning. Studies that did not
assess intellectual functioning reported significantly more
impaired decision-making performance (g = –0.86, n = 13)
than did studies that assessed intellectual functioning
(g = –0.51, n = 50), Q(1) = 8.58, p = .003, d = 0.35. Among
the 50 studies that assessed intellectual functioning, 18
reported a significant difference in intellectual performance between individuals with mental illness and healthy
control individuals. These 18 studies also used intelligence
as a covariate in data analysis, which may explain why
there was no difference in effect size between studies that
reported a significant difference in intellectual functioning
(g = –0.53, n = 18) and studies that reported no difference
(g = –0.50, n = 32), Q(1) = 0.12, p = .72, d = 0.03.
Neither substance-use exclusion, Q(1) = 0.02, p = .90,
d = 0.02, nor exclusion for traumatic brain injury,
Q(1) = 0.005, p = .94, d = 0.02, was found to be a significant moderator of effect sizes.
Finally, we compared the performance of individuals
with mental illness with those with frontal lobe lesions.
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Table 3. Analyses of Moderation for Effect Size Meta-analysis
Moderator

Study (n)

Diagnosis
Obsessive-compulsive disorder
Eating disorder
Mood disorder
Pathological gambling disorder
Personality disorder
Substance-dependence disorder
Schizophrenia
Nonpersonality vs. personality
Nonpersonality disorder
Personality disorder
Intelligence assessment
No
Yes
Intelligence significant
Yes
No
Not reported
Substance-use exclusion
Yes
No
TBI/neuropsychological deficit exclusion
Yes
No
Administration of IGT
Computer
Hand
Clinical population
Lesion
Mental illness

63
8
6
8
5
3
19
14
63
60
3
63
13
50
50
18
30
2
63
25
38
63
32
31
63
51
12
69
6
63

Hedges’s g

95% confidence interval

–0.54**
–0.53**
–0.70***
–0.46
–0.90**
–0.63***
–0.45***

[–0.81, –0.26]
[–0.84, –0.21]
[–0.98, –0.44]
[–0.82, 0.10]
[–1.39, –0.41]
[–0.82, –0.44]
[–0.68, –0.23]

–0.56***
–0.90***

[–0.66, –0.46]
[–1.38, –0.42]

–0.86***
–0.51***

[–1.07, –0.65]
[–0.61, –0.40]

–0.53***
–0.52***
–0.15

[–0.71, –0.35]
[–0.66, –0.39]
[–0.64, 0.33]

–0.58***
–0.60***

[–0.74, –0.41]
[–0.74, –0.47]

–0.58***
–0.60***

[–0.73, –0.43]
[–0.75, –0.46]

–0.56***
–0.72***

[–0.67, –0.44]
[–1.00, –0.45]

–1.10***
–0.58***

[–1.48, –0.72]
[–0.67, –0.48]

Q (df)

p

4.6 (6)

.60

1.79 (1)

.18

8.58 (1)

.003**

2.4 (1)

.35

1.08 (1)

.58

1.06 (1)

.60

1.40 (1)

.50

6.57 (1)

.01**

Note: TBI = traumatic brain injury.
**p < .01. ***p < .001.

We combined the 63 mental-illness studies with 6 studies involving groups with frontal lesions and conducted
a moderator analysis with type of clinical population as
a moderator (lesion vs. mental illness). Type of clinical
population proved to be a significant moderator, Q(1) =
6.57, p = .01, d = 0.52; the population with lesions performed significantly worse than did the population with
mental illness. Thus, although the individuals with mental illness performed significantly worse than did the
healthy control individuals, their deficits were not as
large as those in individuals with frontal lobe lesions
(see Fig. 4 for comparison of task performance among
the clinical groups—nonpersonality disorder, personality disorder, and lesion).

Results for raw score meta-analysis
Performance on the IGT was quantified as the number
of “good” deck choices (C + D) minus the number of

“bad” deck choices (A + B). For 100 trials, this score can
therefore vary from –100 to 100. Despite high variability
in net IGT scores across populations, the mean net IGT
score for healthy control individuals is usually a high net
positive gain, on the order of 20 (Bechara et al., 1994),
with higher scores implying better value-based decisionmaking strategies. For the population with mental illness, mean performances in individual studies ranged
from –6.72 to 10.20. The average performance across
all 40 studies was 0.45 (SE = 0.88).
Although there was evidence of publication bias
(see Fig. 5), this did not seem to have a large effect on
mean performance estimates. Trim-and-fill procedures
suggested that 15 studies with raw scores to the right of
mean (more strongly positive) were missing. The corrected average performance was 3.74, 95% CI = [–1.93,
–5.54].
There was evidence for heterogeneity in effects across
studies. The Q statistic indicated significant heterogeneity
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–1.4

Nonpersonality Disorder (n = 60)
Personality Disorder (n = 3)
Frontal Lobe Lesion (n = 6)

–1.2

Effect Size

–1.0

Discussion

–0.8
–0.6
–0.4
–0.2
0.0

Fig. 4. Performance on Iowa Gambling Task as a function of clinical group.
Negative values indicate impairment. Error bars represent standard errors.

0
1

Standard Error

2
3
4
5
6
7
8
–20

lesions again performed significantly worse than did the
population with mental illness.

–10

0

10

20

Mean
Fig. 5. Raw score meta-analysis funnel plot of standard error by mean.

(p < .001). The I2 value indicated high levels of heterogeneity, with 83.70% of the variance in raw scores attributable to between-study variance. Because both statistics
indicated heterogeneity, we again conducted analyses of
potential moderators (see Table 4). However, type of
mental illness (n = 40) did not explain the heterogeneity
in the IGT mean score, Q(6) = 2.32, p = .90. Personality
disorders versus nonpersonality disorders did not moderate the effect either, Q(1) = 0.38, p = .54, d = 0.84. The
direction of the difference was similar to the trend
observed in the effect size meta-analysis; populations
with nonpersonality disorders (g = 0.57, n = 38) performed better on the IGT than did populations with personality disorders (g = –2.33, n = 2).
Finally, we compared the performance of individuals
with mental illness with those with frontal lobe lesions.
We combined the 40 studies of mental illness with
4 studies involving groups with lesions and conducted a
moderator analysis with type of clinical population
as a moderator (lesion vs. mental illness). Type of
clinical population proved to be a significant moderator,
Q(1) = 23.35, p < .001, d = 6.62; the population with

This quantitative review answers two broad questions.
The first concerns whether individuals with mental illness demonstrate impaired value-based decision making,
as assessed by the IGT, relative to healthy individuals.
The effect size meta-analysis demonstrated that performance on the IGT was significantly impaired in individuals with mental illness, although the effect size was
moderate and the deficit was not as severe as in individuals with frontal lesions. The second question concerns
whether, within the group with mental illness, the severity of impairment differs across types of mental illness.
Given that different matched comparison groups might
be used for different mental illnesses, the second metaanalysis, which directly compared the raw scores on the
IGT in different mental illnesses, provides the clearest
answer to this question. The raw score meta-analysis surprisingly did not demonstrate any significant differences
based on type of mental illness.
The finding that value-based decision making is significantly impaired in mental illness may not come as a
surprise to most readers. Qualitative reviews of decisionmaking behavior in specific disorders, such as schizophrenia (Sevy et al., 2007), OCD (Chamberlain et al.,
2007), and substance-use disorder (Dom et al., 2005), all
align with the present findings. However, qualitative
reviews can fall prey to selection or publication bias, factors that careful, quantitative meta-analyses can address.
To our knowledge, the present study is the first quantitative meta-analysis to verify that value-based decision
making, as measured by any task, is consistently impaired
in mental illness.
The present study is also novel in that it compared
value-based decision-making performance across different mental illnesses. At present, only the IGT has been
tested in a wide enough range of disorders to permit
such a comparison. Here, our findings are perhaps more
surprising: We did not find strong evidence for differential impairment on the IGT in different mental illnesses.
Diagnosis was not a significant moderator in either the
effect size or the raw score meta-analyses. Before we
return to potential explanations for this lack of differential impairment, we first discuss two potential moderators
that we did observe.
There was significant heterogeneity in size of IGT
impairment across studies. Despite this heterogeneity,
however, neither diagnosis nor personality versus nonpersonality type moderated IGT performance in the
group with mental illness. There was, however, a trend in
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Table 4. Analyses of Moderation for Raw Score Meta-analysis
Moderator
Disorder
Obsessive-compulsive disorder
Eating disorder
Mood disorder
Pathological gambling
Personality disorder
Substance dependence
Schizophrenia
Nonpersonality vs. personality
Nonpersonality disorder
Personality disorder
Clinical group
Lesion
Mental illness

Study (n)
40
5
1
5
2
2
14
11
40
38
2
44
4
40

both the effect size meta-analysis and the raw score
meta-analysis for people with personality disorders to be
more impaired on the IGT relative to people with other
disorders. These findings should be interpreted with caution, given that only three studies of personality disorders
were included in the first meta-analysis and that only
two studies were included in the second. However, future
studies focusing on value-based decision making in personality disorders are warranted, given the trend in the
current findings. The current findings point to the possibility that people with personality disorders may experience more severe impairment than do those with other
disorders. This would be consistent with the fact that personality disorders are more chronic and treatment resistant, whereas nonpersonality disorders usually have a
more sudden onset and less prolonged time course. In
fact, the IGT impairment in the small number of personality disorder studies in our meta-analyses was almost as
large as that observed in patients with frontal lobe lesions,
and individual studies of borderline personality disorder and antisocial personality disorder have uncovered
large effects on learning from rewards or punishments
(Rilling, King-Casas, & Sanfey, 2008). Given the comorbidity between personality disorders and nonpersonality
disorders, our findings also demonstrate the importance
of assessing and reporting comorbidity in future work.
Indeed, it is possible that the IGT impairments observed
in people with nonpersonality disorders in the current
meta-analyses are due in part to comorbid personality
disorders.
The second potential moderator, which was significant
in the effect size meta-analysis, was assessment of general intellectual functioning. Studies assessing intellectual
functioning reported smaller levels of IGT impairment
compared with studies that did not assess intellectual

Effect size

95% confidence
interval

–1.35
3.92
0.9
–0.72
–2.37
1.72
–0.28

[–0.97, –0.09]
[–0.70, 14.86]
[–4.25, 6.04]
[–1.18, 0.14]
[–11.54, 6.80]
[–1.2, 4.64]
[–3.8, 3.24]

0.57
–2.33

[–1.19, 2.32]
[–11.34, 6.67]

–14.12
0.45

[–19.74, –8.49]
[–1.35, 2.26]

Q (df)

p

2.32 (6)

.9

0.38 (1)

.54

23.35 (1)

< .001

functioning. Within the studies that did assess intellectual
functioning, there was no difference in the size of IGT
impairment between studies that observed a significant
difference in intellectual functioning and studies that did
not find such a difference. This is likely because in those
studies that did establish a significant difference, intellectual functioning was used as a covariate while assessing IGT performance. Thus, when intellectual functioning
is not assessed and controlled for, the degree of decisionmaking impairment on the IGT appears to be inflated.
These findings suggest that the IGT is sensitive to not
only value-based decision-making processes but also
general intellectual abilities. In fact, several researchers
have previously suggested that deficits on the IGT
might indicate deficits in basic cognitive abilities, such as
working memory (Hinson, Jameson, & Whitney, 2002;
Jameson, Hinson, & Whitney, 2004). These findings illustrate the importance of assessing and controlling for
intellectual functioning in studies of value-based decision
making. It is critical to note, however, that even when
assessing and controlling for intellectual functioning,
impairment on the IGT is observed in mental illness.
Returning to our central finding, why might there be
widespread impairments on the IGT across all mental
illnesses, with no significant evidence for differential
impairments? Although this null result (i.e., lack of differential impairment) should be interpreted with caution,
a plausible interpretation arises from recognizing the
central limitation of the current study. The IGT is only
one measure, and although this measure is sensitive to
many different processes involved in value-based decision making (as well as to some general aspects of
intellectual functioning; see earlier discussion), it is not
specific for any single decision process (Buelow &
Sur, 2009). The decision literature distinguishes between
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many fine-grained decision processes, including aversion
to risk, aversion to ambiguity, aversion to loss, and the
ability to learn from rewards and punishments (Pessiglione
et al., 2006; Schönberg et al., 2007; Vaidya et al., 2013) .
Changes in any of these processes could have effects on
IGT performance. Indeed, different groups have attributed poor IGT performance to a deficit in reversal learning (Fellows, 2007; Fellows & Farah, 2005), a preference
for taking risks (Dunn, Dalgleish, & Lawrence, 2006), or
insensitivity to either rewards or punishments (Franken &
Muris, 2005). Although it is possible that the impairments
observed across different mental illnesses in the current
study are all traceable back to the same underlying process within value-based decision making, it seems more
likely that different mental illnesses affect different decision processes, but all of these effects lead to poorer
performance on the IGT. Our findings therefore show
that across mental illnesses, there is impairment within
the broad class of processes involved in value-based
decision making to which the IGT is sensitive, but these
findings do not yet identify the specific processes within
that broad class that are affected by specific disorders.
A very promising avenue of future research, then,
would be to assess decision making in different mental
illnesses by using a wider range of tasks that more clearly
isolate specific decision processes. Studies could use a
battery of tasks developed in the decision literature to
assess the specific processes of risk aversion, ambiguity
aversion, loss aversion, reward learning, and punishment
learning. To focus on two of these constructs, we note
that people might perform poorly on the IGT because
they have a lower degree of risk aversion (Holt & Laury,
2002; Levy et al., 2010); that is, even once they know
the probabilities and the outcomes associated with
each deck, they are more willing to choose the higherrisk (i.e., higher-variance) disadvantageous decks.
Alternatively, people might perform poorly on the IGT
because they are slower to learn from rewards and punishments (Pessiglione et al., 2006; Schönberg et al., 2007;
Vaidya et al., 2013); that is, it takes them a longer time to
learn the probabilities and the outcomes associated with
each deck. The decision tasks necessary to dissociate
these two possibilities already exist.
In addition, performance on many of these more
fine-grained decision tasks has been associated with specific neural systems. For example, neuroimaging studies
using standard tasks to assess people’s risk preferences
have identified neural responses that scale with risk in the
cingulate cortex, anterior insula, and inferior prefrontal
cortex, and these neural responses predict an individual’s
degree of risk aversion (Christopoulos, Tobler, Bossaerts,
Dolan, & Schultz, 2009; Rudorf, Preuschoff, & Weber,
2012). In contrast, individual differences in reward learning have also been identified, and these are associated

with neural signals in the ventral striatum that scale with
reward prediction errors (Schönberg et al., 2007).
Therefore, a carefully selected battery of tasks, unlike
the IGT alone, would be capable of identifying the specific “signature” of decision processes affected by a given
mental illness. Comparison of these signatures across
mental illnesses would then permit identification of their
commonalities and distinguishing features and would
furthermore lead to testable hypotheses about the neural
systems affected by mental illness. Such investigations
might start with those mental illnesses for which there
are strong effects in the current meta-analyses, such as
mood or personality disorders. This kind of study would
fall squarely within the current push in clinical psychopathology toward transdiagnostic investigations of specific
psychological processes. Although such a research effort
would warrant a sizable investment, the current metaanalyses suggest that such an investment would be highly
likely to yield interesting, informative results.
In this light, the current meta-analyses provide a
broad “screen” for possible impairments in value-based
decision making by assessing IGT performance across
mental illnesses. The obvious next step, given the widespread impairments on the IGT that we documented, is
to follow up on this screen to identify the specific decision processes that are impaired in specific disorders.
Impaired decision making is generally not a focus in
psychopathology. Indeed, the DSM–5 considers decision-making impairment a possible symptom for only
one disorder, major depressive disorder. The current
meta-analyses suggest that further investigations of
value-based decision making in mental illness, along
the lines followed in the nascent field of computational
psychiatry (Montague et al., 2012), hold substantial
promise for the identification of specific decision processes that are adversely affected across disorders.
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