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Abstract

Background—The lowa Gambling Task (IGT; Bechara, Damasio, Damasio, & Anderson, 1994)
has frequently been used to assess risky decision making in clinical populations, including patients
with schizophrenia (SZ). Poor performance on the IGT is often attributed to reduced sensitivity to
punishment, which contrasts with recent findings from reinforcement learning studies in
schizophrenia.

Methods—In order to investigate possible sources of IGT performance deficits in SZ patients,
we combined data from the IGT from 59 SZ patients and 43 demographically-matched controls
with data from the Balloon Analog Risk Task (BART) in the same participants. Our analyses
sought to specifically uncover the role of punishment sensitivity and delineate the capacity to
integrate frequency and magnitude information in decision-making under risk.

Results—Although SZ patients, on average, made more choices from disadvantageous decks
than controls did on the IGT, they avoided decks with frequent punishments at a rate similar to
controls. Patients also exhibited excessive loss-avoidance behavior on the BART.

Conclusions—We argue that, rather than stemming from reduced sensitivity to negative
consequences, performance deficits on the IGT in SZ patients are more likely the result of a
reinforcement learning deficit, specifically involving the integration of frequencies and
magnitudes of rewards and punishments in the trial-by-trial estimation of expected value.
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INTRODUCTION

Optimal decision-making often requires the ability to learn from the outcomes of previous
choices, both rewards and punishments, and to adjust future choices accordingly. The study
of the neural substrates of these types of decision processes was pioneered by Bechara and
Damasio (Bechara et al. 1994, 1997), who developed the lowa Gambling Task (IGT). In this
task, subjects can choose gambles from four different decks. Two of the decks offer $100
rewards, on average, and two offer $50 rewards, on average. However, the decks offering
the higher rewards also involve large punishments and choosing from these higher paying
decks is ultimately disadvantageous, and choices from the decks with smaller rewards turn
out to be more advantageous. Learning these contingencies typically requires an extended
period of sampling across decks, as the frequencies and magnitudes of the punishments vary
across decks. Rather remarkably, the initial sample of patients, with lesions encompassing
orbitofrontal cortex (OFC), showed a robust preference for the higher-paying but ultimately
disadvantageous decks, and appeared to be almost totally indifferent to punishment
(Bechara, et al., 1994). Thus, it appeared that their behavior was driven by reward seeking
alone, as if the punishments simply failed to occur.

There are multiple lines of evidence suggesting OFC dysfunction in patients with
schizophrenia (SZ), including evidence of reduced volumes (Davatzikos et al. 2005), task-
evoked hypoactivity (Quintana et al. 2003), and impairments in reversal learning (Waltz &
Gold, 2007; Waltz et al., 2013), considered a key cognitive process mediated by OFC. In
light of these findings, it would be reasonable to expect that patients with SZ would show
robust impairments on the IGT. Surprisingly, the literature is somewhat mixed; most, but not
all studies suggest a reduced preference for the advantageous decks relative to the
disadvantageous decks, perhaps suggesting a reduced sensitivity to punishments in SZ
patients. In an effort to better understand the accumulated literature, we performed a small
meta-analysis (weighted by sample size) of the eight studies (Wilder et al. 1998; Ritter et al.
2004; Shurman et al. 2005; Kester et al. 2006; Lee et al. 2007; Sevy et al. 2007; Kim et al.
2009, 2012), in SZ patients, that reported the number of choices from each of the four IGT
decks (see Supplementary Table s1 for a list of the studies used in the meta-analysis).

As shown in Figure 1, patients, relative to controls, show an increase in the number of
selections from the disadvantageous decks (A and B), and a reduction in the number of
selections from the advantageous decks (C and D). While the results from individual
published studies vary, the summary figure suggests a relatively robust pattern of group
differences. Also seen in Figure 1 is the fact that controls show a clear preference for Deck
B relative to A (among the disadvantageous decks) and for Deck D relative to C (among the
advantageous decks). Interestingly, Deck A delivers more frequent punishments whereas
Deck B delivers larger, but less frequent, punishments. Similarly, Deck C delivers smaller,
but more frequent punishments, relative to Deck D. Thus the choice or avoidance of Decks
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A and C can be primarily attributed to the frequency of punishments. In contrast, Decks B
and D require a more complex calculation of expected value over an extended number of
selections and experienced outcomes. Patients maximally deviate from controls on Decks B
and D (the mean effect-sizes for those differences are the farthest from zero), and show near
normal sensitivity to the frequency of punishments. This raises the possibility that the IGT
deficit in schizophrenia arises from a problem in calculating expected value rather than a
reduced sensitivity to punishment.

To examine this issue, we also administered the Balloon Analog Risk Task (BART; Lejuez
et al. 2003), another experiment paradigm designed to examine decision making under risk.
In this task, subjects “inflate” a balloon using the space bar on the computer. As the balloon
gets bigger, the potential reward gets bigger. However, every trial will end with the balloon
popping if the subject continues to press, resulting in a loss of earnings. The only sure way
to retain earnings is to decide to stop pressing. Note: the balloon pops randomly somewhere
between the first and the 128th potential press, such that the optimal strategy to maximize
gains would be to press 64 times each time, thereby ensuring the fewest pops coupled with
the maximal retained gains. Thus, unlike the IGT, eventual loss is certain in the BART, and
the question is how much risk subjects are willing to take to increase the magnitude of their
reward. Prior studies with the BART have found that several clinical populations with
impulse control deficits show abnormal risk seeking, whereby individuals make larger than
optimal numbers of pumps, on average, seemingly less deterred by impending punishment.
By contrast: three previous studies have used the BART in studies of SZ patients, and in all
three studies, SZs showed risk aversion (fewer pumps) relative to controls (Cheng et al.
2012; Reddy et al. 2014; Fischer et al. 2015). That is, they appeared to be abnormally
sensitive to the prospect of a punishment and settled for lesser gains.

This is not the pattern of results that would be expected based on findings from IGT studies
in SZ patients, which appear to show reduced sensitivity to punishments. The results,
however, can be reconciled as follows: if patients with SZ have relatively intact sensitivity
to the frequency of punishments in guiding choice, and impaired ability to simultaneously
consider magnitude and frequency of aversive outcomes, one would expect to find risk
aversion on the BART (where punishment will occur on every trial — a pure case of learning
based on punishment frequency), and risk seeking on the IGT (resulting in a preference for
the disadvantageous decks, coupled with a reduced preference for Deck D). That is, one
would expect SZ patients to prefer the advantageous deck with smaller, more frequent
punishments (Deck C) to the advantageous deck with larger, but less frequent punishments
(Deck D), as estimating the expected value of Deck D requires a more subtle calculation of
expected value than Deck C (where more frequent punishments occur).

METHODS

Participants

Fifty-nine patients between the ages of 18-64 with schizophrenia (SZ) or schizoaffective
disorder (N=10) by best estimate approach (utilizing the Structured Clinical Interview for
DSM-IV Axis | Disorders (First 1997) direct assessment, family informants, and past
medical records) were included in this study. Patients were recruited from Maryland
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Psychiatric Research Center (MPRC) research clinics and from community mental health
centers. Exclusion criteria included: acute psychiatric instability (operationalized as change
in medication/dose in the last four weeks), mental retardation, co-morbid medical issues, and
meeting criteria for substance abuse (in the past three months) or dependence (in the past six
months; other than for nicotine). All patients were medicated. Forty-eight were taking
atypical antipsychotics (22 clozapine, 10 risperidone, 9 olanzapine, 4 quetiapine, 2
ziprasidone and 1 aripiprazole), 7 were taking typical antipsychotics (2 haloperidol, 3
fluphenazine, 1 chlorpromazine and 1 thiothixene), and 3 patients were taking a combination
of first- and second-generation antipsychotics. Medication information was missing for one
patient.

Forty-three healthy control (HC) participants, matched for important demographic variables,
were recruited from the community via newspaper advertisements. Control volunteers were

between the ages of 18-64 and had no history of psychosis or neurological disease/condition
that would interfere with test performance. Written documentation of informed consent was

obtained from all participants. The institutional review boards of the University of Maryland
and the Maryland State Department of Health and Mental Hygiene approved the study.

General Procedures

In SZ patients, overall psychiatric symptom severity was assessed with the Brief Psychiatric
Rating Scale (BPRS: Overall and Gorman 1962), and negative symptom severity were
measured with the Scale for the Assessment of Negative Symptoms scale (SANS:
Andreasen 1984). Patients in the study exhibited relatively mild degrees of negative and
overall symptoms (SANS global sum score = 5.8; SD = 4.0; mean BPRS score = 1.9; SD =
0.5). A battery of cognitive and neuropsychological measures was administered to all
patients and healthy controls, including the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS: Randolph et al. 1998), the Wechsler Abbreviated
Scale of Intelligence (WASI: Wechsler 1999), the Letter Number Sequencing Test (LNS:
Gold et al. 1997) and the Digit Symbol Substitution Test (Wechsler 1997). Subject
characterizing information is shown in Table 1.

The experimental tasks were presented in a randomly-determined order for each subject. In
order to make the rewards and punishments more concrete, participants earned real money
that was relative to the choices they made and points earned on each task; and all subjects
were informed of this.

Experimental Tasks

The lowa Gambling Task (Bechara et al. 1994) uses four simulated card decks arranged in a
row. Players draw 100 total cards, with each card specifying a certain amount of money lost
or won. Decks A and B always offer a higher reward of $100 and are accompanied by
frequent moderate (Deck A, $100-350, 50% chance of loss, expected value of —25) or rare
large (deck B, $1,250, 10% chance of loss, expected value of —25) penalties. The other
decks, C and D, always present a lower reward of $50, but rewards are accompanied by
either frequent small (deck C, $25-75, 50% chance of loss, expected value of +25) or rare
moderate penalties (Deck D, $250, 10% chance of loss, expected value of +25). Subjects are
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not aware of the decks' different reward/penalty schedules but are told to pick freely from
any decks. The main dependent measures for this task were the numbers of cards chosen
from each deck. We summed choices from multiple decks to produce two additional
dependent measures: 1) the proportion of cards drawn from the advantageous (low-risk)
decks (C and D, for which the expected value of choices was positive), and 2) the proportion
of cards drawn from decks with infrequent losses (Decks B and D, which were accompanied
by losses 10% of the time; choices from Decks A and C were accompanied by losses 50% of
the time).

In the Balloon Analog Risk Task (Lejuez et al. 2003), subjects view a computer screen on
which a simulated balloon and balloon pump is displayed. The participant is instructed that
each press of a button inflates the balloon slightly and earns the participant 2 cents. This
money is deposited into a temporary cache, and if a balloon pops, the money in the
temporary cache is lost. At any time before the balloon pops the participant can choose to
stop inflating the balloon and deposit the money from the temporary cache into a permanent
bank, the contents of which are displayed on the computer screen at all times. Each
participant is presented with 90 total balloons (trials), over 3 blocks of 30 trials each, with
the chance of explosion determined by a probability along a normal distribution between 1
and 128, with the average number of pumps to explosion being 64. Dependent measures
from this task included the average number of pumps per balloon (adjusted to include only
those pumps that did not result in the balloon popping), total number of explosions, and total
money earned.

Statistical Analysis

For analyses of data from the IGT, three separate ANOVAs were performed. First, an
ANOVA using the rates of selecting from disadvantageous decks (A/B), with factors block
(5 levels: 20 trials per block) and group (HC and SZ), were performed to assess learning
performance in the two groups. Secondly, an ANOVA was performed using deck (4 levels:
Deck A, Deck B, Deck C, Deck D) and group as factors to demonstrate deck effects. Third,
a further ANOVA was then done to check for effects of loss frequency, using loss frequency
[2 levels: rare (B/D), frequent (A/C) loss decks] as one factor, and group as another.
Independent-samples t-tests were used in post-hoc tests to ascertain where differences in
cell-means were present. For data from the BART, we performed an ANOVA on numbers
of button-presses, with factors of block (3 levels: 30 trials per block) and group.
Additionally, we assessed group-differences in the numbers of balloons exploded, and the
amount of money earned, using t-tests. Finally, Pearson correlation analyses were performed
to explore possible relationships between measures from the two experimental decision-
making tasks, between experimental measures and measures of symptom severity in the SZ
group, and between experimental measures and measures of cognitive performance within
both groups. All statistical analyses were conducted using SPSS 19.0 software (IBM Corp,
Armonk, NY).

J Psychiatr Res. Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brown et al.

RESULTS
IGT Results

Page 6

The ANOVA using the rates of selecting from disadvantageous decks (A/B) revealed main
effects of both group [F(1,100)=5.02, p=0.03] and block [F(4,400)=13.36, p<0.01], with
controls showing higher overall rates of selecting from advantageous decks than patients,
and the entire sample showing better performance over time. These main effects were
modulated, however, by a significant blockxgroup interaction [F(4,400)=2.66, p=0.03], such
that controls gradually learned to avoid the disadvantageous decks whereas the patient group
showed impaired learning, relative to controls (Figure 2A). Indeed: patients showed minimal
evidence of any performance improvement at all, across the course of the task. From post-
hoc analyses of block-by-block learning performance, we observed a group difference on the
2"d plock of trials that was approaching significance [t(100)=1.92, p=0.058], and clear
significant group differences for the 4t [t(100)=2.18, p=0.03] and 5% blocks of trials
[t(100)=2.55, p=0.01]. In essence, controls sampled the disadvantageous decks frequently
enough to learn that the punishments exceed the gains. The ANOVA with group and deck as
factors showed a main effect of deck [F(3,300)=24.02, p<0.001], but no main effect of
group [F(1,100)=0.73, p=0.396], with the deckxgroup interaction effect approaching
significance [F(1,100)=0.27, p=0.081].

The data shown in Figure 2A might be seen as evidence that patients simply responded
randomly. However that is not the case, as we found that patients were sensitive to the
frequency of losses. The ANOVA used to test for possible group differences in responses to
loss frequency revealed a main effect of loss-frequency [F(1, 100)=74.61, p<0.001], and no
main effect of group [F(1,100)=0.73, p=0.396], and no significant interaction effect [F(1,
100)=p=0.377].

Post-hoc analysis of the percentage of choices for each individual deck revealed significant
group differences on Deck A [t(100)=2.84, p<0.01; 95% Cls [15.79, 18.45], d=0.569] and
Deck D [t(100)=1.79, p=0.04, 95% Cls [26.43, 31.39], d=0.359], whereas no significant
group differences were found on Decks B [t(100)=1.00, p=0.16, 95% Cls [28.22, 33.28],
d=0.201] or C [t(100)=0.79, p=0.22, 95% Cls [21.24, 25.4], d=0.158], as depicted in Figure
2C. We observed a trend towards a group-difference in the amount of money won overall on
the IGT [t(100)=1.77, p=0.08]. The effect size of this group difference was small-to-
moderate 95% ClIs [-0.04, 0.75], d=0.355).

BART Results

As seen in Figure 3A, healthy controls chose to pump much more per balloon than did
patients, with both groups increasing their average numbers of pumps per balloon as the task
went on. This was confirmed statistically where an ANOVA on the total number of pumps
produced a significant main effect of group [F(1,101)=16.82, p<0.01], such that SZ patients
made, on average, fewer pumps per balloon (mean=30.17, SD=14.52), when compared to
HCs (mean=42.11, SD=14.52). We also observed a main effect of block on number of
pumps [F(1,101)=30.47, p<0.01], with a greater number of pumps in the last block as
compared to the first (see Figure 3A), suggesting that both groups learned that they could
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earn more points by pressing more than they initially did. The interaction between group and
block was not significant [F(2,100)=1.99, p=0.14], however, indicating that the groups did
not show differential rates of change in their pressing behavior across blocks of trials. It is
noteworthy that even though the controls pumped much more often than patients did, the
controls chose to pump much less than was optimal in terms of maximizing potential
rewards.

As a consequence of making fewer average overall pumps, relative to controls, SZ patients
also experienced a significantly lower number of explosions [t(100)=3.85, p<0.01; Figure
3B]. However, patients’ greater aversion to risk (or greater preference for certain, but
smaller rewards) did not work to their advantage in the context of the BART; although it
resulted in fewer unrewarded trials (fewer balloons popped), it also led to less money being
won overall [t(100)=2.95, p<0.01; Figure 3C].

Correlation Analyses

Results from analyses of correlations between IGT and BART performance metrics and
measures of symptom severity and neurocognitive capacity are presented in Table 2.
Significant correlations were observed between disorganized symptoms on the BPRS and
several measures from the BART, such that patients with more severe disorganized
symptoms tended to pump less, earn less money and have less balloon explosions. We also
observed a significant positive correlation between SANS affective blunting/alogia and
average number of pumps on the BART, such that patients with greater negative symptoms
actually demonstrated more balloon pumps. However, on closer inspection of the
distribution of the data, it appears that an outlier is present in the SZ group (pumps more
than 3SDs higher than the mean number of pumps for the SZ group), This individual seems
to be driving the correlation between pumps and negative symptom scores, as this
relationship is no longer statistically significant when this participant is removed from the
sample. Figures s1 and s2 in the Supplementary Material illustrate the identification of the
outlier, and the distribution of the data in relation to the correlation between BART pumps
and negative symptoms.

Finally, there were a number of significant correlations between IGT variables and
neuropsychological measures, whereby poorer neurocognition was associated with a greater
tendency to choose from disadvantageous decks, a greater tendency to choose from decks
with frequent punishments, and less money earned. Significant correlations between the IGT
and BART performance measures were only found in the HC group, and not in the SZ
group, whereby HCs who chose less from frequent loss decks (A and C) also earned more
money on the BART (r=-0.35, p=0.02). Scatterplots illustrating the main significant
correlations can be found in the Supplementary Materials in Figures s2-5.

DISCUSSION

This is the first study to investigate the role of punishment sensitivity in risky decision-
making in SZ patients using results from both the IGT and the BART to probe the capacity
to integrate information about outcome frequency and magnitude in decision-making under
risk. We found that SZ patients showed deficits in the acquisition of the contingencies in
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both tasks. While patients and controls did not differ in their rates of choosing from decks
with frequent punishments, patients still showed significantly higher rates of choices from
disadvantageous decks, because they chose more often than controls from the
disadvantageous deck with infrequent, large punishments (B). Thus, the idea that individuals
with SZ choose the disadvantageous decks at higher rates than HCs due to reduced
punishment sensitivity is too simple.

Our observation of a preference, in SZ patients, for the deck with rare large losses (Deck B),
over the rare moderate loss deck (Deck C), is consistent with a number of previously
reported findings in SZ (Ritter et al. 2004; Shurman et al. 2005) and appears to reflect a
tendency to utilize outcome-frequency information at the expense of outcome-magnitude
information. This represents a sub-optimal decisionmaking strategy, as the rare large loss
deck (Deck B) has a negative expected value. The greater preference for deck B seen in
patients in our results, as well as the reduced preference for deck D compared to HCs, is
well in line with the general pattern of responses of SZ patients in the meta-analysis of
previous studies presented in Figure 1. It should be noted, however, that the apparent deficit
in utilizing information about outcome magnitude in SZ patients does not necessarily lead to
overall reduced earning on the IGT, as we and others (Wilder et al. 1998; Cavallaro et al.
2003; Evans et al. 2005; Rodriguez-Sanchez et al. 2005; Turnbull et al. 2006) have found. In
our study, the lack of a significant difference in money earned (p=0.08) is likely attributable
to limited power. That is, patients did not experience big losses frequently enough,
following choices from Deck B, to lead to an overall difference in money earned.

Nonetheless, a profound deficit in reinforcement learning is evident from the learning curve
of patients across blocks of the IGT. Although SZ patients and HCs started off at similar
performance levels, SZ patients did not go on to learn to choose good decks more
frequently, and group differences emerged in the later trials of the task, after HCs had the
chance to learn. The analysis of performance over time offers a more nuanced understanding
of the factors influencing decisions than overall summary scores, which have been the
typical focus of analysis beginning with the seminal work of Bechara et al. (1994). This
finding of an impairment in the ability to use feedback to adaptively update estimations of
expected value fits with the findings and formulations of Brambilla et al. (2013), who used
expectancy-valence modeling (Busemeyer and Stout 2002) of IGT data in reaching the
conclusion that "associative learning underlying the representation of expectancies was
disrupted in SZ". As these and other researchers (Maia and McClelland 2004; Brambilla et
al. 2013) have noted, there are multiple possible paths to impaired performance on the IGT,
and genuine insensitivity to punishments appears to be characteristic of patient groups, such
as those with bipolar affective disorder (Brambilla et al. 2013; Burdick et al. 2014) or
orbitofrontal lesions (Bechara et al. 1994, 1999).

On the BART, by contrast, patients did demonstrate some degree of learning from losses
and gains, as they pumped more as the task progressed. However, SZ patients started off at a
lower level of performance than controls and never caught up, resulting in worse
performance overall, consistent with the findings of previously-reported studies using the
BART in SZ patients (Cheng et al. 2012; Reddy et al. 2014; Fischer et al. 2015).
Importantly, SZ patients showed sensitivity to negative outcomes (balloon pops) to such an
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extent that they earned significantly fewer overall points, relative to controls. Thus, as we
hypothesized, simple insensitivity to punishment does not appear to have been the cause of
performance deficits in SZ, in the context of either task. A more plausible explanation is that
SZ patients effectively utilized information about punishment frequency, while neglecting
information about the magnitude of punishments and rewards.

This is not to say that reduced sensitivity to losses plays no role in RL deficits in
schizophrenia at all; numerous results suggest the opposite. For example, studies of reversal
learning in SZ reveal that patients consistently perform worse than controls (Elliott et al.
1995; Pantelis et al. 1999; Waltz and Gold 2007; Murray et al. 2008b; Leeson et al. 2009).
Reversal learning is thought to depend largely on the ability to modify stimulus-responses
associations by integrating error signals from ventral striatum and OFC (but see Waltz et al.
2013). Furthermore, negative symptoms in SZ have been shown to be associated with
impairments in rapid, trial-to-trial behavioral adjustments during the early phases of
learning, thought to reflect prefrontal cortical dysfunction (Waltz et al. 2007, 2011).

An important question that arises from our findings is whether the deficit on the IGT in
patients is a result of poor working memory (WM), rather than a problem of reinforcement
learning (RL), per se. A recent study from our group (Collins et al. 2014) used a paradigm in
which set size and delay between stimulus repetitions were manipulated experimentally in
order to assess the specific contribution of working memory. Computational modeling of
these data indicated that RL deficits in SZ could be largely accounted for by deficits in WM
capacity. That does not appear to be the case with the IGT performance. As seen in Table 2,
the correlation between working memory (Letter-Number Sequencing) and the number of
disadvantageous choices is more robust in controls than it is in the patient group. That is,
working memory capacity appears to be more rate-limiting for decision making in the
control group than in the patient group. Similarly, the correlation coefficients with Verbal
Intelligence are also substantially higher in controls than in patients. Thus, it appears
unlikely that between-group differences on measures of cognitive ability account for the
observed differences on the IGT.

Importantly, we did not observe meaningful correlations between performance on either task
and the severity of positive and negative symptoms in SZ patients, which may have been
due to the generally low symptom severity of the patients in our sample. However, in one
case there was a positive correlation between affective flattening/blunting on the SANS and
number of patients' average number of pumps on the BART. This was a very counter-
intuitive result, as our group recently found that negative symptoms were associated with a
reduced willingness to expend effort to obtain higher levels of reward (Gold et al. 2013), a
finding replicated by others (Fervaha et al. 2013; Barch et al. 2014). The positive
correlation, observed in patients, between affective flattening/blunting on the SANS and
number of pumps on the BART seems to have been driven by a single outlier in the patient
group. By contrast, we observed more robust associations in the opposite direction between
performance measures from both the IGT and the BART and disorganization symptoms in
patients, and we observed significant correlations between IGT performance measures and
measures of intellectual functioning in both patients and controls. These relationships
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support a role for DLPFC-dependent "cold" cognitive abilities in successful IGT
performance, consistent with previous work (Manes et al. 2002; Fellows and Farah 2005).

Interestingly, correlations between performance on the IGT and the BART were found in
HCs, but not in SZs. This finding could be indicative of the different decision-making
strategies, and underlying neural substrates, which are utilized across the two tasks. The
BART has been associated with impulse control and risk aversion in a context in which loss
is inevitable after a certain number of pumps, whereas losses on the IGT are always
probabilistic, regardless of the response made. Thus, it may be the case that risk-aversion
may have been a factor in the performance of controls on both the BART and the IGT,
whereas patients only behaved in a risk-averse manner on the BART, when losses were
certain. It appears that the uncertainty and infrequency of losses on the IGT did not evoke
the same risk-averse behavior in patients that it did in controls. These discrepant findings on
the two tasks could give further insight into subtler, context-dependent abnormalities in risk-
aversion in SZ. Therefore, future studies in SZ would benefit from the use of multiple
decision-making tasks that assess risk under different circumstances.

One main limitation of this study is the potential confounding effect of antipsychotic
medication on reinforcement learning performance. There is some evidence to suggest that
SZ patients using second-generation antipsychotics (SGAS) relatively-worse performance on
the IGT, when compared with those taking first-generation antipsychotics (FGAs; Beninger
et al. 2003). The study from Reddy and colleagues (2014) also found that bipolar patients
who were taking antipsychotic medication were more risk averse on the BART, compared to
those not taking antipsychotics. However, other evidence points to the presence of
reinforcement learning deficits in unmedicated patients with schizophrenia (Murray et al.
2008a; Schlagenhauf et al. 2009), and some data suggest that SGAs do not negatively
impact feedback signals in the human brain, perhaps enhancing them (Bates et al. 2004;
Schneider et al. 2013). An adequate assessment of this issue is, in any case, only possible in
the context of a controlled clinical trial, with random assignment to drug.

We also acknowledge, as a limitation of the study, that socioeconomic status (SES) may
have exerted an influence on tasks subject to monetary performance bonuses, such as the
ones we used. In the case of our particular study, however, we believe the influence to be
negligible, in that patients and controls did not differ in mean parental educational
attainment, which served as a proxy for SES. Finally, our study lacked an explicit
debriefing, where participants were asked to specifically state their relative preferences for
decks; thus, we were unable to ascertain associations between explicit and implicit
preferences.

In conclusion, we demonstrate that SZ patients are able to effectively use information about
outcome frequency, but simultaneously neglect information about the magnitude of
outcomes, and that this is not specific to gains or losses. These findings suggest that a deficit
in integrating information about outcome magnitude and frequency, can lead to problems in
accurately representing and updating the expected value on a trial-by-trial basis, and
consequently lead to overall impairments in reinforcement learning. These findings suggest
an alternative explanation for the performance deficits seen in people with SZ on risky
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decision-making tasks, particularly the IGT, and may also account for some inconsistencies
seen in the literature. Future neuroimaging studies using the IGT in conjunction with other
decision making tasks, such as the BART, would help to clarify the neural substrates
underlying deficits in risky decision making seen in SZ.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Weighted averages of individual deck choices on the lowa Gambling Task (IGT) by patients

and controls across 8 previous studies reporting individual deck choices. Error bars reflect
one standard error. Relative to controls, patients show an increase in the number of
selections from both disadvantageous decks (for Deck A, mean Cohen’s d = 0.421; 95% ClI
of Cohen’s d: [0.23, 0.61]; for Deck B (mean d = 0.670; 95% CI of d: [0.48, 0.86]). Relative
to controls, patients show a decrease in the number of selections from both advantageous
decks (for Deck C, d = —-0.202; 95% CI of d: [-0.39, —0.01]; for Deck D, d = —0.703; 95%
Cl of d: [-0.90, —-0.51]).
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Performance measures from the IGT: current study participants. (a) Percentages of choices
from advantageous decks (C and D) across blocks of trials by healthy controls and
schizophrenia patients. As participants performed 100 trials of the task, each block
represents 20 trials. (b) Percentages of choices from Decks with infrequent punishments (B
and D). (c) Percentages of choices from each individual deck of the IGT. Error bars reflect

one standard error. (*p<0.05)
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Figure 3.
Performance measures from the Balloon Analogue Risk Task (BART): current study

participants. (a) Average numbers of balloon pumps by patients with schizophrenia and
healthy controls, across the 3 experimental blocks of trials. (b) Number of explosions
experienced and (c) total money earned on the BART by patients with schizophrenia and
healthy controls. Error bars reflect one standard error. (**p<0.01)
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Group demographics, neurocognitive test scores, and results of statistical group comparisons. Values shown

represent group means and standard deviations in parentheses.

Schizophrenia Healthy

Patients Controls Test

(N=59) (N=43) Statistic
Female/Male 17/42 17/26 X2=1.28
Age 422 (11.8) 41.1(11.8) t=0.50
Education 12,6 (2.7) 148(22)  za30***
BPRS Anxiety 2.1(0.9) - -
BPRS Negative 1.9(0.8) - -
BPRS Psychosis 24(11) - -
BPRS Disorganization 1.3(0.5) - -
SANS Global Sum 5.8 (4.0) - -
RBANS Total Score 785(135)  98.3(13.6) =728
LNS 8.8 (3.4) 11.1(34)  =5g83***
WAIS I11 Digit Symbol 7.7 (3.4) 10.3(35)  t=5.93***
WASI Verbal |Q’r 94.1(14.3) 110.7 (13.1)  {=5.94***
WASI Performance 1Q*  926(15.2) 1100 (125) =g 09™**

*

= One control did not receive the WAIS

*%

*
=p<0.001

Abbreviations: BPRS, Brief Psychiatric Rating Scale; SANS, Scale for the Assessment of Negative Symptoms; RBANS, Repeatable Battery for the
Assessment of Neuropsychological Status; LNS, University of Maryland Letter-Number Sequencing Test; WAIS, Wechsler Adult Intelligence
Scale; WASI, Wechsler Abbreviated Scale of Intelligence.
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