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The ability to use feedback to guide optimal decision-making is essential for goal-directed behaviour. While im-
pairments in feedback-driven decision-making have been associated with schizophrenia and depression, this has
been examined primarily in the context of binary probabilistic choice paradigms. In real-world decision-making,
however, individuals must make choices when there are more than two competing options that vary in the fre-
quency and magnitude of potential rewards and losses. Thus, the current study examined win-stay/lose-shift
(WSLS) behaviour on the lowa Gambling Task (IGT) in order to evaluate the influence of immediate rewards
and losses in guiding real-world decision-making in patients with schizophrenia and major depressive disorder.
Fifty-one patients with schizophrenia, 43 patients with major depressive disorder, and 51 healthy controls com-
pleted the IGT, as well as a series of clinical and cognitive measures. WSLS was assessed by quantifying trial-by-
trial behaviour following rewards and losses on the IGT. Multivariate analyses of variance revealed that patients
with schizophrenia demonstrated intact lose-shift behaviour, but significantly reduced win-stay rates compared
to healthy controls. In contrast, no WSLS impairments emerged in the depressed group. Win-stay impairments in
the schizophrenia group were significantly related to deficits in motivation and cognition. Patients with schizo-
phrenia exhibit impaired reward-driven decision-making in the context of multiple choices with concurrent re-
wards and losses, and this appears to be driven by a reduced propensity for advantageous win-stay behaviour.
With the importance of reward learning and decision-making in generating goal-directed behaviour, these find-
ings suggest a potential mechanism contributing to the motivation deficits seen in schizophrenia.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

2013).Indeed, dysfunctional reinforcement learning, with altered sensi-
tivity to reward and punishment linked to impaired feedback-driven

Goal-directed decision-making is a central component of the
broader reward and motivation system, and requires the ability to dy-
namically integrate both positive and negative feedback from the envi-
ronment in order to maximize rewards and minimize loss over time.
Accordingly, impaired motivation- and goal-directed decision-making
may arise from abnormal reinforcement learning (Gold et al., 2008),
such that reward feedback is not properly learned, integrated and/or
translated into goal-directed behaviour. Such impairments may contrib-
ute to the loss of motivation seen in the context of illnesses such as
schizophrenia (SZ) and major depressive disorder (MDD), where
these motivation deficits significantly contribute to poor functional
and treatment outcomes for affected individuals across these disorders
(Foussias et al., 2009; Strauss et al., 2013; Uher et al., 2012; Vrieze et al.,
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decision making and overall diminutions in motivation has been dem-
onstrated in SZ (Barch et al., 2016; Gold et al., 2008), and to some extent
in MDD (Eshel and Roiser, 2010; Martin-Soelch, 2009).

A more nuanced approach to understanding alterations in reward-
driven decision-making is possible by examining the immediate influ-
ence of positive and negative feedback on decision-making within the
framework of win-stay/lose-shift (WSLS) behaviour (Paulus et al.,
2001; Waltz et al., 2007; Young and Markou, 2015). From an operant
learning perspective, WSLS posits that a rewarded or positively rein-
forced behaviour should be repeated (i.e. win-stay), while an action
that yields a negative outcome should subsequently be adjusted on
the next trial (i.e. lose-shift). This paradigm has been examined in SZ
using behavioural measures such as Go/NoGo (Chang et al., 2016;
Waltz et al,, 2011), probabilistic reversal learning (Culbreth et al.,
2016; Reddy et al., 2016; Waltz et al., 2013), probabilistic reward learn-
ing and choice tasks (Chang et al.,, 2016; Kim et al.,, 2007; Ludewig et al.,
2003; Waltz et al., 2007), as well as the Wisconsin Card Sorting Task
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(WCST; Prentice et al., 2008). The findings, however, are mixed with
some evidence for impairments on both win-stay and lose-shift
(Chang et al., 2016; Reddy et al., 2016; Waltz et al., 2013, 2007), on
win-stay only (Culbreth et al., 2016), on lose-shift only (Prentice et al.,
2008; Waltz et al., 2011), or no impairments at all (Chang et al., 2016;
Ludewig et al., 2003). Examinations of WSLS in MDD are more limited,
though a recent study found that MDD patients made fewer lose-shift
responses on a probabilistic learning task compared to healthy controls
(Bakic et al., 2017).

To date, WSLS behaviour in SZ and MDD has been examined primar-
ily in the context of binary probabilistic choice paradigms, with the ex-
ception of Prentice et al. (2008) who examined the first four pre-shift
trials of the WCST. In real-world decision-making, however, individuals
must also make choices when there are more than two competing op-
tions that vary in the frequency and magnitude of potential rewards
and losses. To this end, the lowa Gambling Task (IGT), one of the most
commonly used measures of goal-directed decision-making, involves
learning from multiple rewards and punishments, and simulates real-
world choices under conditions of uncertainty and risk (Bechara et al.,
1994). Moreover, the IGT taps into ‘hot’ affective decision-making
(Buelow and Suhr, 2013), which affords the opportunity to evaluate be-
havioural responses as a function of emotionally loaded rewards and
losses. Performance on the IGT, however, has typically been evaluated
using a net score of total advantageous minus disadvantageous card se-
lections, which does not provide insight into the specific influence of
positive and negative feedback on trial-by-trial decision-making
(Cassotti et al., 2014), or the process by which rewards and losses are
learned, integrated, and translated into goal-directed behaviour. Thus,
the purpose of the current study was to examine WSLS behaviour by
way of performance on the IGT in order to investigate the influence of
immediate rewards and losses in guiding real-world decision-making
in SZ and MDD. More specifically, we sought to address the following
questions: 1) Do patients with SZ and MDD experience difficulties
using feedback to guide trial-by-trial decision-making on the IGT, and
moreover, are these impairments specific to positive or negative feed-
back; and 2) What are the clinical and/or cognitive correlates of these
impairments? We hypothesized that patients with SZ would exhibit
deficits in both win-stay and lose-shift behaviour, whereas patients
with MDD would only demonstrate impaired lose-shift behaviour.

2. Methods
2.1. Participants

The participants recruited for this study consisted of 51 patients with
SZ, 43 patients with MDD, and 51 demographically-matched healthy
controls (HC), all between the ages of 18-55. As confirmed by the Struc-
tured Clinical Interview for DSM-IV Axis I Disorders (SCID; First et al.,
1997), participants with SZ met criteria for a diagnosis of schizophrenia
or schizoaffective disorder, and MDD participants met criteria for major
depressive disorder in a current depressive episode. Participants in the
SZ and MDD groups were clinically stable outpatients with no change
in treatment for at least 4 weeks. Patients were not eligible if they met
criteria for any other Axis I disorder, with the exception of comorbid
anxiety disorders for the MDD group. Further, all participants were ex-
cluded if they had a history of substance abuse or dependence in the
past 6 months (with the exception of nicotine); a history of neurological
disease; significant akathisia (a rating of >2 on the Barnes Akathisia Rat-
ing Scale Global item (Barnes, 1989)); or significant extrapyramidal
symptoms (a rating of >2 on >2 items of the Simpson Angus Rating
Scale (Simpson and Angus, 1970)). HC participants were also adminis-
tered the SCID, and were excluded if they met criteria for any Axis I dis-
order, were taking psychotropic medications, or had a family history of
mood or psychotic disorders in first-degree relatives. This study was ap-
proved by the local research ethics board, and all participants provided
written informed consent.

2.2. Instruments and procedures

A battery of clinical measures was administered to assess for psycho-
pathology and symptom severity. The Scale for the Assessment of Posi-
tive Symptoms (SAPS; (Andreason, 1984) was used to evaluate positive
symptoms for individuals in the SZ group, and all participants were ad-
ministered the Scale for the Assessment of Negative Symptoms (SANS;
(Andreasen, 1982), with the total score calculated as the sum of the
amotivation subdomain (Avolition-Apathy and Anhedonia-Asociality
subscales, excluding global items) and the diminished expression
subdomain (Affective Flattening subscale and the poverty of speech
item, excluding inappropriate affect, poverty of content of speech,
blocking, response latency, and global items) (Foussias et al., 2009).
Amotivation was assessed using the Apathy Evaluation Scale — Clinician
version (AES; (Marin et al., 1991), specifically chosen over the SANS
amotivation subdomain as it does not rely exclusively on functional
proxies, but also evaluates the behavioural, emotional, and cognitive as-
pects of motivation. The Hamilton Depression Rating Scale (HDRS;
Hamilton, 1960) was used to measure depressive symptom severity.
Participants also completed self-report questionnaires including the
Temporal Experience of Pleasure Scale (TEPS; Gard et al., 2006) as a
measure of consummatory and anticipatory pleasure, and the Barratt
Impulsiveness Scale (BIS; Patton et al., 1995) to assess for impulsivity
given its relationship with risky decision-making. For a subset of the
sample (n = 80), we also administered the Beck Anxiety Inventory
(BAI; Beck and Steer, 1993) as anxiety has been shown to impair
decision-making on the IGT (Miu et al., 2008); as well as the Defeatist
Beliefs subscale of the Dysfunctional Attitudes Scale (DAS; Weissman
and Beck, 1978) which measures the extent to which one endorses de-
featist beliefs about their ability to perform goal-directed tasks. In addi-
tion, neurocognition was evaluated using the Brief Assessment of
Cognition in Schizophrenia (BACS; Keefe et al., 2004), with composite
and domain Z scores calculated based on age and sex normative data.
Antipsychotic dosages were converted to chlorpromazine (CPZ) equiv-
alents (Gardner et al., 2010; Leucht et al., 2016)

2.2.1. Computerized tasks

The lowa Gambling Task (IGT; Bechara et al., 1994) requires partici-
pants to make selections from four decks of cards, labelled ‘A’, ‘B’, ‘C’, and
‘D’. Specific instructions were provided as outlined by Bechara et al.
(2000). In the current study, selections from decks A and B yield $50 re-
wards, cards from decks C and D offer $100, and unbeknownst to the
participants, each deck differs in loss magnitude and frequency. Specif-
ically, the losses in deck A are frequent, occurring five times for every 10
selections, with low magnitudes ranging from $25 to $75, and in deck B,
there is an infrequent, high magnitude penalty of $250 that occurs once
for every 10 selections. The losses in deck C are frequent (i.e., in 5/10 se-
lections), with low magnitudes ranging from $100 to $350, and in deck
D, there is an infrequent (i.e., in 1/10 selections), high magnitude loss of
$1250. Decks A and B are considered advantageous as they net $200 for
every 10 selections, whereas decks C and D are considered disadvanta-
geous as they net a loss of $350. The task consisted of 100 trials, and
each card selection was immediately followed by feedback. A reward
was depicted by a cartoon happy face and a slot machine sound, while
this feedback was replaced with a sad face, and an error sound effect
for a loss. Net wins and losses were depicted on a bar at the top of the
screen. This computerized task was programmed and administered on
Open Sesame v. 2.9.4 (Mathot et al,, 2012).

The Wisconsin Card Sorting Task (WCST; Heaton et al., 1993) was
administered as a measure of perseveration in order to ensure that
win-stay/lose-shift performance on the IGT was not related to inflexible
set shifting. In this computerized version of the task, participants are
instructed to match a series of cards according to different stimulus pa-
rameters such as colour, form, and number. Participants are not in-
formed how to match the cards, but are given verbal feedback from
the computer after each trial as to whether they are correct or incorrect.
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After 10 consecutive correct answers, a new sorting rule is implemented
without notice, and participants must deduce the new rule and continue
matching the cards correctly. The variable of interest is the age-
corrected standardized percentage of perseverative errors.

2.3. Statistical analysis

2.3.1. Demographic and clinical characteristics

Statistical analyses were conducted using SPSS v.24 (SPSS Inc.) soft-
ware. Analyses of variance (ANOVAs) or chi-square tests were used to
compare groups across demographic, clinical, and cognitive characteris-
tics, as appropriate.

2.3.2. Win-stay/lose-shift

Our primary outcome of interest was differences in win-stay/lose-
shift behaviour across groups, which was evaluated using a multivariate
analysis of variance (MANOVA). WSLS on the IGT was assessed by quan-
tifying trial-by-trial choice behaviour following immediate wins and
losses, with total win-stay referring to the proportion of times the
same deck was chosen immediately after a reward was received in the
absence of a concurrent loss, and total lose-shift as the proportion of
times a different deck was chosen after receiving a loss of any magni-
tude. Thus, the win-stay variable represents decision-making behaviour
that is positively reinforced by rewarding feedback, whereas lose-shift is
the tendency to modify choice behaviour in response to losses or nega-
tive feedback. The MANOVA was conducted with diagnostic group as
the independent variable, and total win-stay and total lose-shift as the
dependent variables.

Given that a reward may also occur in the presence of a loss
(i.e., where a participant may receive a small loss but still have a net
monetary gain), we also calculated net WSLS rates by defining any net
outcome greater than or equal to zero as a win, and any net outcome
less than zero as a loss (Cassotti et al., 2011). In contrast to the total
WSLS variables above, the net win-stay/lose-shift variables represent
reward-driven decision-making behaviour as a function of monetary
gains or losses rather than just positive or negative feedback. An addi-
tional MANOVA was subsequently computed to compare net WSLS
group differences.

2.3.3. Clinical and cognitive correlates of win-stay/lose-shift impairments

Based on the results of the first MANOVA, exploratory bivariate
correlational analyses were conducted to determine if specific defi-
cits that emerged in win-stay and/or lose-shift behaviour were re-
lated to positive or negative symptoms, amotivation, depression,
neurocognitive function or perseveration, or to self-report measures
of consummatory and anticipatory pleasure, impulsivity, anxiety, or
defeatist beliefs.

2.3.4. Overall IGT performance

To enable comparisons with previously published studies using the
IGT, we also conducted secondary analyses on the traditional IGT perfor-
mance variables. Specifically, a one-way ANOVA was conducted to as-
sess group differences in IGT net score (consisting of the total number
of advantageous minus disadvantageous card choices: [(A + B) — (C
+ D)]), as well as a 3 (group) x 5 (bin) mixed-model ANOVA to evalu-
ate task learning across 5 bins of 20 trials.

The following findings are based on secondary analyses of data col-
lected for a larger parent study examining the multiple facets of the re-
ward system in SZ and MDD.

3. Results
3.1. Demographics and clinical characteristics

Summary demographic and clinical variables are shown in Table 1.
Groups did not significantly differ in age or sex; however, education

level was significantly lower in the SZ group. Further, illness duration
was comparable between patient groups. Not surprisingly, in relation
to the HC group both SZ and MDD participants exhibited significantly
higher severity of clinical amotivation, depressive symptoms, as well
as self-reported anxiety and impulsiveness. Additionally, the SZ group
demonstrated greater levels of diminished expression than the HCs,
and the MDD group endorsed lower levels of consummatory and antic-
ipatory pleasure, as well as greater severity of defeatist beliefs compared
to the HC group.

3.2. Win-stay/lose-shift

The MANOVA for WSLS revealed a significant main effect of diagnos-
tic group (F(4, 284) = 2.538, p = .040, 7> = 0.035), specifically for win-
stay rates (F(2,142) = 5.242, p = .006). Post-hoc comparisons revealed
significant pairwise differences, such that the SZ group demonstrated
reduced win-stay behaviour in comparison to the HC group (p =
.003), as well as the MDD group (p = .017). In contrast, the main
group effect for lose-shift was not significant (p = .116) (Fig. 1). An
exploratory mixed-model ANOVA was subsequently conducted in
order to determine if win-stay rates differed according to deck type
(i.e. advantageous vs. disadvantageous) or loss magnitude-frequency
contingencies (i.e. low-magnitude/high-frequency (LMHF) vs. high-
magnitude/low-frequency (HMLF)). Specifically, a 2 (advantageous vs.
disadvantageous x 2 (LMHF vs. HMLF) x 3 (group) mixed-model
ANOVA revealed a non-significant trend for an effect of deck type (F
(1,141) = 3.764, p = .054), with higher rates on advantageous decks,
as well as a significant main effect of magnitude-frequency (F(1,141) =
23.305, p <.001), such that win-stay rates were higher on HMLF decks.
There was also a significant deck type x magnitude-frequency interaction
(F(1,141) = 13.317, p <.001), driven by higher win-stay rates on the dis-
advantageous HVILF deck. Additionally, the deck type x group interaction
was significant (F(2,142) = 6.333, p = .002), with post-hoc one-way
ANOVAs revealing a main effect for the advantageous decks only (F
(2,142) = 4.443, p = .013), such that the SZ group exhibited significantly
lower win-stay rates for advantageous decks compared to the HC group
(p = .007) and MDD group (p = .021). Further, there were no signifi-
cant magnitude-frequency x group, or deck type x magnitude-
frequency x group interactions.

The results of the second MANOVA for net wins and losses similarly
revealed a main effect of group (F(4, 284) = 2.705, p = .031, 1> =
0.037), driven by net win-stay rates (F(2,142) = 5.425, p = .005),
such that patients with SZ exhibited significantly reduced net win-
stay behaviour in relation to individuals in the HC group (p = .002)
and MDD group (p = .015).

3.3. Clinical and cognitive correlates of win-stay deficits in schizophrenia

The win-stay deficits in the SZ group were significantly correlated

with amotivation (r = —0.30, p = .03) and global neurocognition (r =
0.28, p = .048), with a non-significant trend for a correlation with de-
pressive symptoms (r = —0.26, p = .07). An exploratory evaluation of

the cognitive correlates of win-stay deficits in SZ revealed no significant
relationship with working memory, executive function, or verbal flu-
ency; however, significant correlations emerged for verbal memory
and learning (r = 0.31, p = .03) and motor function (token motor: r =
0.30, p = .04; symbol coding: r = 0.33, p = .02). In contrast, win-stay
behaviour was not correlated with positive symptoms, diminished
expression, anticipatory or consummatory pleasure, impulsiveness,
anxiety, defeatist beliefs, perseverative errors, or chlorpromazine
equivalents.

Lastly, optimal IGT performance was significantly correlated with
win-stay rates in the SZ group (r = 0.37, p = .008), as well as in the en-
tire sample (r = 0.47, p <.001).



280 S. Saperia et al. / Schizophrenia Research 206 (2019) 277-283

Table 1
Demographic & clinical characteristics.

Sz MDD HC p value Group differences
(n=>51) (n=43) (n=>51)
Sex (M:F) 28:23 20:23 25:26 0.700
Age M (SD) 34.5(10.4) 323 (11.2) 31.7 (11.0) 0.391
Education 14.9 (3.6) 16.9 (2.5) 17.2 (2.5) <0.000 SZ <HC = MDD
Parental education 15.2 (5.4) 15.6 (4.9) 16.5 (4.7) 0.390
Illness duration (years) 11.8 (7.3) 11.6 (9.0) 0.884
CPZ 529.8 (306.3)
Medications
Antipsychotics (n) 51 4 -
Antidepressants (n) 11 33 -
SAPS 23.4 (16.8)
SANS total 24.6 (12.2) 21.5(7.6) 3.4 (54) <0.001 SZ = MDD > HC
AES 39.7 (6.7) 37.3(4.7) 25.3 (4.6) <0.001 SZ> MDD > HC
HDRS 10.8 (5.6) 17.2 (5.0) 1.8 (1.9) <0.001 MDD > SZ > HC
TEPS-Ant 4.5 (0.8) 3.5(0.9) 4.5 (0.6) <0.001 MDD < SZ = HC
TEPS-Con 4.4(0.8) 4.1 (1.0) 4.7 (0.9) 0.005 MDD < HC
BIS 63.3 (8.6) 66.3 (13.5) 54.1 (8.0) <0.001 HC < SZ = MDD
DAS defeatist beliefs® 48.4 (18.7) 60.6 (15.6) 40.1 (11.0) <0.001 MDD > SZ = HC
BAI® 11.5 (13.5) 22.3 (11.6) 33(5.2) <0.001 MDD > SZ > HC
BACS composite —1.6 (1.3) —0.3(0.9) 0.2 (1.0) <0.001 SZ <MDD <HC
Working memory"” —1.1(1.0) —0.3(1.1) 0.1 (1.0) <0.001 SZ < MDD < HC
Executive function® —0.5(14) 0.3 (0.7) 0.06 (0.8) 0.001 SZ < MDD = HC
WCST perseverative errors 93.5 (24.4) 93.5(184) 90.8 (18.2) 0.756

Abbreviations - CPZ: Chlorpromazine; SAPS: Scale for the Assessment of Positive Symptoms; AES: Apathy Evaluation Scale; SANS: Scale for the Assessment of Negative Symptoms; HDRS:
Hamilton Depression Rating Scale; TEPS-Ant: Temporal Experience of Pleasure Scale - Anticipatory Pleasure; TEPS-Con: Temporal Experience of Pleasure Scale - Consummatory Pleasure;
BIS: Barratt Impulsiveness Scale; DAS: Dysfunctional Attitudes Scale; BAI: Beck Anxiety Inventory; BACS: Brief Assessment of Cognition in Schizophrenia; WCST: Wisconsin Card Sorting

Task.
2 Subset of n = 80.
b BACS Digit Sequencing.
¢ BACS Tower of London.

34. Overall IGT performance

The results of the ANOVA for the IGT net score revealed a main effect
of group (F(2,142) = 5.916, p = .003), such that participants in the SZ
group (M = 1.13, SE = 3.67) made significantly fewer advantageous
deck selections compared to participants in both the MDD group (M =
16.23, SE = 4.39) and HC group (M = 17.96, SE = 3.63). However,
there was no significant main effect of bin (F(4,139) = 1.644, p =
.167) or group x bin interaction (F(8,280) = 0.555, p = .814). A sum-
mary of IGT performance variables is presented in Table 2.

4. Discussion

The purpose of the current study was to investigate feedback-driven
decision-making in individuals with schizophrenia, major depressive
disorder, and healthy control participants by evaluating win-stay/lose-

0.8 rx
mSZ
0.7 EMDD

OHC

Mean Rates
(=]
N

Win-Stay Lose-Shift

Fig. 1. Total Win-Stay/Lose-Shift group differences on the IGT. Error bars represent
standard error of the mean. *p < .05, **p <.01.

shift behaviour on the lowa Gambling Task. Our primary goal was to de-
termine if patients with SZ and MDD demonstrate trial-by-trial
decision-making impairments on the IGT, and whether these impair-
ments were associated with specific abnormal responses to positive or
negative feedback. The examination of WSLS behaviour revealed that
patients with SZ demonstrated significant feedback-driven decision-
making impairments in comparison to both MDD and HC participants,
and this was specifically driven by reduced win-stay rates. In contrast,
lose-shift behaviour was intact in the SZ group, which aligns with a pre-
vious study examining WSLS using a probabilistic reversal learning task
(Culbreth et al., 2016). A similar effect emerged for net WSLS rates, per-
haps suggesting that irrespective of how the reward is defined - that is,
whether the monetary gain is in the presence or absence of concurrent
losses - individuals with SZ experience difficulties using positive feed-
back to optimize behaviour. Given that the type of reward learning re-
quired for optimal IGT performance has been shown to rely on
prediction error processes (Nestor et al., 2014), it is possible that these
win-stay deficits are related to impairments in reward prediction
error signalling that have been demonstrated in individuals with SZ
(Murray et al.,, 2008b). Though speculative, impaired reward prediction
error signalling, resulting in a reduced ability to anticipate positive out-
comes, learn from prediction errors, and use rewarding feedback to
guide decision-making, represents a potential mechanism underlying
win-stay deficits in SZ that warrants further investigation. Overall,
these findings add to a growing body of evidence for selective reward-
driven deficits in schizophrenia (Cheng et al., 2012; Deserno et al.,
2013; Murray et al., 2008a; Nestor et al., 2014; Waltz et al., 2007;
Weiler et al., 2009; Whitton et al., 2015).

Further examination of win-stay behaviour, however, revealed a
more complex pattern of impaired reward learning in SZ, such that
patients only demonstrated significant win-stay reductions on advanta-
geous decks. These impairments, therefore, cannot simply be attributed
to reward insensitivity as the win-stay rates on disadvantageous decks
(i.e. high rewards) were comparable between SZ and HC groups. In-
stead, these findings may be better understood in the context of intact
reward responsiveness, with impairments emerging in the translation
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Table 2
Summary of IGT performance across groups.
SZ MDD HC p Group Diff.
Total money earned —402.9 (707.9) —28.5(912.6) 68.6 (896.0) 0.014 SZ <HC = MDD
Total number cards selected:
Advantageous
Deck A 21.4 (8.6) 24.1 (10.5) 24,6 (10.4) -
Deck B 29.1 (8.1) 34.1(8.3) 344 (7.6) 0.001 SZ <HC = MDD
Disadvantageous
Deck C 224 (6.6) 19.1 (7.4) 17.4 (6.2) 0.001 SZ>HC = MDD
Deck D 27.1(9.5) 22.8(9.9) 23.7 (9.5) 0.073
Net scores:
Bin 1 -1.1(7.2) 1.3(10.7) 2.0(8.4) -
Bin 2 —0.4(6.7) 3.4(8.9) 2.9(9.5) 0.055
Bin 3 0.8 (9.5) 4.8 (9.1) 5.2 (10.6) 0.049 SZ <HC = MDD
Bin 4 0.3(9.3) 5.0 (9.5) 3.5(9.8) 0.053
Bin 5 1.6 (9.5) 1.8 (12.9) 44(10.8) -
Total wins (in the absence of losses) 72.7 (3.0) 72.6 (3.2) 73.4(3.2) -
Total net wins 74.8 (2.4) 75.2 (24) 76.0 (2.2) 0.033 SZ <HC
Total shifts 56.8 (25.7) 449 (24.5) 422 (23.9) 0.008 SZ >HC = MDD

of reward feedback into motivated goal-directed behaviour (Barch et al.,
2017) - that is, selecting and staying on the advantageous decks which
result in smaller immediate rewards, but greater long-term outcomes.
To this end, SZ patients' reduced win-stay behaviour was significantly
correlated with severity of clinical amotivation, which aligns with previ-
ous studies that have similarly found reward-driven learning impair-
ments to be related to motivation deficits and negative symptoms,
more broadly (Gold et al.,, 2012; Waltz et al.,, 2011). Thus, our findings
fit well within the current conceptualizations of motivation, which po-
sition reinforcement learning and goal-directed decision-making as
central components of the broader multi-faceted reward system
(Barch and Dowd, 2010; Cuthbert and Insel, 2013). Moreover, while
deficits in working memory and executive function have previously
been implicated in driving reinforcement learning impairments and
poor IGT performance (Collins et al., 2014; Gold et al., 2008; Manes
et al,, 2002) these cognitive domains were not associated with reduced
win-stay rates in the SZ group. It is important to note, however, that
global cognition was significantly correlated with win-stay behaviour
for these individuals, which is not entirely surprising given the higher-
order cognitive processes involved in reward learning and preference-
based decision making. Our results suggest an interconnected and po-
tentially bidirectional relationship between cognitive and motivation
deficits in the context of feedback-driven decision-making that may in-
fluence goal-directed behaviour in schizophrenia.

Contrary to our hypotheses, the MDD group did not demonstrate
any WSLS impairments. Given that depression is typically associated
with reward hyposensitivity and punishment hypersensitivity (Eshel
and Roiser, 2010), it is somewhat surprising that we found no evidence
of reduced win-stay rates or excessive lose-shift behaviour in the MDD
group, despite these individuals also experiencing significant depressive
symptoms, amotivation, and hedonic deficits. That being said, it is im-
portant to note that other studies have similarly failed to find evidence
for abnormal responses to feedback in MDD, as well (Chase et al., 2010;
Dalgleish, 2004; Dickstein et al., 2010; Shah et al.,, 1999). These findings
may suggest that individuals with MDD can experience blunted reward
responsiveness, while still maintaining the capacity to learn from re-
wards and integrate feedback into goal-directed decision-making, pro-
viding further support for the distinction between reward sensitivity
and learning in depression (Huys et al., 2013).

We also evaluated overall IGT performance using the traditional
measure of net card selections, and found that patients with SZ made
significantly fewer advantageous choices compared to the MDD and
HC group. This finding is in line with a number of studies demonstrating
IGT impairments in SZ (Beninger et al., 2003; Brown et al., 2015; Kester
etal.,, 2006; Kim et al., 2012; Nestor et al., 2014; Premkumar et al., 2008;
Ritter et al., 2004; Shurman et al., 2005), though not consistently
(Cavallaro et al., 2003; Evans et al., 2005; Matsuzawa et al., 2015;

Rodriguez-Sanchez et al.,, 2005; Sevy et al., 2007; Turnbull et al., 2006;
Wilder et al., 1998). In contrast, individuals with MDD performed com-
parably to healthy controls, which is consistent with some studies
(Dalgleish, 2004; Gorlyn et al.,, 2013; Han et al., 2012), but not others
(Cella et al., 2010; Must et al., 2006; Smoski et al., 2008).

To our knowledge, the current study is the first to examine WSLS be-
haviour on the IGT concurrently in SZ and MDD. Nevertheless, this work
should be interpreted within the context of the following limitations.
First, patient groups were taking a range of antipsychotic and antide-
pressant medications, both of which have been found to influence re-
ward and punishment sensitivity. We computed chlorpromazine
equivalents for the SZ group and confirmed that they were not statisti-
cally related to WSLS behaviour, but we recognize that although CPZ
equivalents are routinely used for this purpose, they represent a crude
measure of the potential effects of antipsychotic medications on reward
process. At present, however, we are not aware of other routinely used
measures that are able to more comprehensively capture the effects of
antipsychotics on reward system processes. Similarly, to our knowledge
there is not a corresponding approach for dose equivalents in terms of
antidepressant medications that can adequately capture the potential
reward system effects of these medications. In addition, the use of the
HDRS in the SZ group serves as another limitation as it does not evaluate
depressive symptoms independently of negative symptoms. Further,
there are likely individual differences associated with WSLS behaviour
on the IGT that we did not measure such as risk aversion and personal-
ity, though we did examine impulsivity which was not associated with
WSLS across groups. While the groups were matched by age, sex, and
parental education, another limitation is that there were group differ-
ences in participant education. Though there is inconsistent evidence
for a relationship between education and IGT performance, it may be
necessary to consider how these differences may have influenced
WSLS behaviour in the current study. Additionally, while there are
other decision-making strategies and reinforcement learning models,
such as expectancy valence and prospect valence learning that can be
applied to IGT performance, the WSLS strategy has been shown to ac-
count for a large proportion of participants' behaviour (Worthy et al.,
2013). Finally, given the cross-sectional design of the current study,
we cannot fully disentangle the specific influence of cognition versus
motivation on WSLS behaviour. Going forward, it will be important to
evaluate these processes longitudinally in order to better understand
how feedback-driven decision-making impairments develop and
evolve over time.

Taken together, our findings suggest that individuals with MDD
demonstrate intact WSLS behaviour, whereas patients with SZ experi-
ence selective reward-driven decision-making deficits in the context
of multiple choices with concurrent gains and losses. This impairment
appears to be driven by a reduced propensity for advantageous win-
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stay behaviour, suggesting that individuals with SZ experience specific
difficulties using positive feedback to optimize goal-directed behaviour.
With the importance of reward learning and decision-making in gener-
ating goal-directed behaviour, these findings suggest a potential mech-
anism contributing to clinical amotivation in schizophrenia.

Conflict of interest

SS, SDS, IS, AR, ANV, and KKZ declare no conflicts of interest. OA has received research
support from Pfizer Inc., Janssen-Ortho, Otsuka, Boehringer Ingelheim, Neurocrine Biosci-
ences, Sunovion, serves on the advisory board for Janssen-Ortho, Sepracor, Sunovion,
Roche, Novartis, BMS, Otsuka, Lundbeck, Eli Lilly and Sumitomo Dainippon Pharma, and
has received speaker's fees from Janssen-Ortho, Novartis, Sepracor, Sunovion, Lundbeck,
Eli Lilly, Mylan Pharmaceuticals and Otsuka. ZJD has received research support from
Brainsway Inc. and Magventure Inc., has served on the advisory board for Sunovion,
Hoffmann-La Roche Limited and Merck, and has received speaker support from Eli Lilly.
GR has received consultant fees from Neurocrine Biosciences and Synchroneuron, as
well as research support from Novartis. GF has served as an investigator on research spon-
sored by Medicure Inc., and Neurocrine Bioscience. He has also served on advisory boards
for Hoffman-La Roche and Takeda, and received speaker's fees from Hoffman-La Roche,
Lundbeck and Novartis.

Contributors

SS and GF designed the study, and SS led the data collection, statistical analyses and
preparation of the first draft of the manuscript. SDS and IS contributed to the data collec-
tion and statistical analyses. All other authors subsequently made significant contributions
to the interpretation of the findings, and have approved the final manuscript.

Role of funding source

This work was supported by a research grant through the Ontario Mental Health
Foundation (GF). This source had no further role in the analysis or interpretation of the
data, development of the manuscript or the decision to submit for publication.

Acknowledgements
We thank the participants who took part in this study.

References

Andreasen, N.C,, 1982. Negative symptoms in schizophrenia: definition and reliability.
Arch. Gen. Psychiatry 39, 784-788.

Andreason, N.C., 1984. Scale for the Assessment of Positive Symptoms (SAPS). lowa City
Univ, lowa.

Bakic, J., Pourtois, G., Jepma, M., Duprat, R., De Raedt, R., Baeken, C., 2017. Spared internal
but impaired external reward prediction error signals in major depressive disorder
during reinforcement learning. Depress. Anxiety 34, 89-96. https://doi.org/10.1002/
da.22576.

Barch, D.M., Dowd, E.C,, 2010. Goal representations and motivational drive in schizophre-
nia: the role of prefrontal-striatal interactions. Schizophr. Bull. 36, 919-934. https://
doi.org/10.1093/schbul/sbq068.

Barch, D.M,, Pagliaccio, D., Luking, K., 2016. Mechanisms underlying motivational deficits
in psychopathology: similarities and differences in depression and schizophrenia.
Curr. Top. Behav. Neurosci. 27, 411-449. https://doi.org/10.1007/7854_2015_376.

Barch, D.M., Carter, C.S., Gold, J.M,, Johnson, S.L.,, Kring, A.M., MacDonald, A.W., Pizzagalli,
D.A. Ragland, ].D., Silverstein, S.M., Strauss, M.E., 2017. Explicit and implicit reinforce-
ment learning across the psychosis spectrum. J. Abnorm. Psychol. 126, 694-711.
https://doi.org/10.1037/abn0000259.

Barnes, T.R., 1989. A rating scale for drug-induced akathisia. Br. . Psychiatry 154, 672.
https://doi.org/10.1192/bjp.154.5.672.

Bechara, A., Damasio, A.R., Damasio, H., Anderson, S.W., 1994. Insensitivity to future con-
sequences following damage to human prefrontal cortex. Cognition 50, 7-15. https://
doi.org/10.1016/0010-0277(94)90018-3.

Bechara, A, Tranel, D., Damasio, H., 2000. Characterization of the decision-making deficit
of patients with ventromedial prefrontal cortex lesions. Brain 123, 2189-2202.

Beck, A., Steer, R., 1993. Beck Anxiety Inventory Manual. The Psychological Corporation,
San Antonio, Texas.

Beninger, RJ., Wasserman, J., Zanibbi, K., Charbonneau, D., Mangels, ., Beninger, B.V.,
2003. Typical and atypical antipsychotic medications differentially affect two
nondeclarative memory tasks in schizophrenic patients: a double dissociation.
Schizophr. Res. 61, 281-292. https://doi.org/10.1016/S0920-9964(02)00315-8.

Brown, E.C., Hack, S.M,, Gold, ].M., Carpenter, W.T., Fischer, B.A., Prentice, K.P., Waltz, ].A.,,
2015. Integrating frequency and magnitude information in decision-making in
schizophrenia: an account of patient performance on the lowa Gambling Task.
J. Psychiatr. Res. 66-67, 16-23. https://doi.org/10.1016/j.jpsychires.2015.04.007.

Buelow, M.T., Suhr, J.A., 2013. Personality characteristics and state mood influence indi-
vidual deck selections on the lowa Gambling Task. Personal. Individ. Differ. 54,
593-597. https://doi.org/10.1016/j.paid.2012.11.019.

Cassotti, M., Houdé, O., Moutier, S., 2011. Developmental changes of win-stay and loss-
shift strategies in decision making. Child Neuropsychol. 17, 400-411. https://doi.
org/10.1080/09297049.2010.547463.

Cassotti, M., Aite, A., Osmont, A.,, Houdé, 0., Borst, G., 2014. What have we learned about
the processes involved in the lowa gambling task from developmental studies? Front.
Psychol. 5, 915. https://doi.org/10.3389/fpsyg.2014.00915.

Cavallaro, R, Cavedini, P., Mistretta, P., Bassi, T., Angelone, S.M., Ubbiali, A., Bellodi, L.,
2003. Basal-corticofrontal circuits in schizophrenia and obsessive-compulsive disor-
der: a controlled, double dissociation study. Biol. Psychiatry 54, 437-443.

Cella, M., Dymond, S., Cooper, A., 2010. Impaired flexible decision-making in major depres-
sive disorder. ]. Affect. Disord. 124, 207-210. https://doi.org/10.1016/j.jad.2009.11.013.

Chang, W.C., Waltz, J.A., Gold, ].M., Chan, T.C.W., Chen, E.Y.H., 2016. Mild reinforcement
learning deficits in patients with first-episode psychosis. Schizophr. Bull. 42,
1476-1485. https://doi.org/10.1093/schbul/sbw060.

Chase, H.W.,, Frank, M.J., Michael, A., Bullmore, E.T., Sahakian, BJ., Robbins, T.W., 2010. Ap-
proach and avoidance learning in patients with major depression and healthy con-
trols: relation to anhedonia. Psychol. Med. 40, 433-440. https://doi.org/10.1017/
S0033291709990468.

Cheng, G.LF, Tang, ].C.Y., Li, FW.S, Lau, E\Y.Y., Lee, TM.C,, 2012. Schizophrenia and risk-
taking: impaired reward but preserved punishment processing. Schizophr. Res. 136,
122-127. https://doi.org/10.1016/j.schres.2012.01.002.

Collins, A.G.E., Brown, ].K,, Gold, ].M., Waltz, ].A,, Frank, M.J., 2014. Working memory con-
tributions to reinforcement learning impairments in schizophrenia. ]. Neurosci. 34,
13747-13756. https://doi.org/10.1523/JNEUROSCL.0989-14.2014.

Culbreth, AJ., Gold, ].M., Cools, R., Barch, D.M., 2016. Impaired activation in cognitive con-
trol regions predicts reversal learning in schizophrenia. Schizophr. Bull. 42, 484-493.
https://doi.org/10.1093/schbul/sbv075.

Cuthbert, B.N., Insel, T.R.,, 2013. Toward the future of psychiatric diagnosis: the seven pil-
lars of RDoC. BMC Med. 11, 126. https://doi.org/10.1186/1741-7015-11-126.

Dalgleish, T., 2004. Neuropsychological processing associated with recovery from depres-
sion after stereotactic subcaudate tractotomy. Am. ]J. Psychiatry 161, 1913-1916.
https://doi.org/10.1176/appi.ajp.161.10.1913.

Deserno, L., Boehme, R., Heinz, A., Schlagenhauf, F., 2013. Reinforcement learning and do-
pamine in schizophrenia: dimensions of symptoms or specific features of a disease
group? Front. Psychiatry 4. https://doi.org/10.3389/fpsyt.2013.00172.

Dickstein, D.P., Finger, E.C., Brotman, M.A,, Rich, B.A., Pine, D.S., Blair, J.R., Leibenluft, E.,
2010. Impaired probabilistic reversal learning in youths with mood and anxiety dis-
orders. Psychol. Med. 40, 1089-1100. https://doi.org/10.1017/S0033291709991462.

Eshel, N., Roiser, J.P., 2010. Reward and punishment processing in depression. Biol. Psychi-
atry 68, 118-124. https://doi.org/10.1016/j.biopsych.2010.01.027.

Evans, CE.Y., Bowman, CH., Turnbull, O.H., 2005. Subjective awareness on the lowa gam-
bling task: the key role of emotional experience in schizophrenia. J. Clin. Exp.
Neuropsychol. 27, 656-664. https://doi.org/10.1081/13803390490918354.

First, M.B., Gibbon, M., Spitzer, R.L.,, Benjamin, L.S., 1997. User's Guide for the Structured
Clinical Interview for DSM-IV Axis II Personality Disorders: SCID-Il. American Psychi-
atric Pub.

Foussias, G., Mann, S., Zakzanis, K.K., van Reekum, R., Remington, G., 2009. Motivational
deficits as the central link to functioning in schizophrenia: a pilot study. Schizophr.
Res. 115, 333-337. https://doi.org/10.1016/j.schres.2009.09.020.

Gard, D.E., Gard, M.G,, Kring, A.M., John, O.P., 2006. Anticipatory and consummatory com-
ponents of the experience of pleasure: a scale development study. ]. Res. Pers. 40,
1086-1102. https://doi.org/10.1016/j.jrp.2005.11.001.

Gardner, D.M., Murphy, A.L,, O'Donnell, H., Centorrino, F., Baldessarini, R.J., 2010. Interna-
tional consensus study of antipsychotic dosing. Am. J. Psychiatry 167, 686-693.
https://doi.org/10.1176/appi.ajp.2009.09060802.

Gold, J.M., Waltz, ].A,, Prentice, KJ., Morris, S.E., Heerey, E.A., 2008. Reward processing in
schizophrenia: a deficit in the representation of value. Schizophr. Bull. 34, 835-847.
https://doi.org/10.1093/schbul/sbn068.

Gold, J.M., Waltz, ].A,, Matveeva, T.M., Kasanova, Z., Strauss, G.P., Herbener, E.S., Collins,
A.G., Frank, M J,, 2012. Negative symptoms and the failure to represent the expected
reward value of actions: behavioral and computational modeling evidence. Arch.
Gen. Psychiatry 69, 129-138.

Gorlyn, M., Keilp, ].G., Oquendo, M.A,, Burke, AK., John Mann, J., 2013. lowa Gambling Task
performance in currently depressed suicide attempters. Psychiatry Res. 207,
150-157. https://doi.org/10.1016/j.psychres.2013.01.030.

Hamilton, M., 1960. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 23,
56-62.

Han, G., Klimes-Dougan, B., Jepsen, S., Ballard, K., Nelson, M., Houri, A., Kumra, S.,
Cullen, K., 2012. Selective neurocognitive impairments in adolescents with
major depressive disorder. J. Adolesc. 35, 11-20. https://doi.org/10.1016/j.
adolescence.2011.06.009.

Heaton, RK, Chelune, GJ., Talley, ].L,, Kay, G.G., Curtiss, G., 1993. Wisconsin Card Sorting
Test Manual: Revised and Expanded. Psychological Assessment Resources Inc.,
Florida.

Huys, Q.J., Pizzagalli, D.A., Bogdan, R., Dayan, P., 2013. Mapping anhedonia onto reinforce-
ment learning: a behavioural meta-analysis. Biol. Mood Anxiety Disord. 3, 12.

Keefe, R.S.E., Goldberg, T.E., Harvey, P.D., Gold, ].M., Poe, M.P., Coughenour, L., 2004. The
brief assessment of cognition in schizophrenia: reliability, sensitivity, and comparison
with a standard neurocognitive battery. Schizophr. Res. 68, 283-297. https://doi.org/
10.1016/j.schres.2003.09.011.

Kester, H., Sevy, S., Yechiam, E., Burdick, K., Cervellione, K., Kumra, S., 2006. Decision-
making impairments in adolescents with early-onset schizophrenia. Schizophr. Res.
85, 113-123. https://doi.org/10.1016/j.schres.2006.02.028.

Kim, H., Lee, D., Shin, Y.-M,, Chey, ], 2007. Impaired strategic decision making in schizo-
phrenia. Brain Res. 1180, 90-100. https://doi.org/10.1016/j.brainres.2007.08.049.
Kim, Y.-T., Sohn, H., Kim, S., Oh, ], Peterson, B.S., Jeong, J., 2012. Disturbances of motiva-
tional balance in chronic schizophrenia during decision-making tasks: motivational
imbalance in schizophrenia. Psychiatry Clin. Neurosci. 66, 573-581. https://doi.org/

10.1111/j.1440-1819.2012.02403.x.


http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0005
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0005
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0010
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0010
https://doi.org/10.1002/da.22576
https://doi.org/10.1002/da.22576
https://doi.org/10.1093/schbul/sbq068
https://doi.org/10.1093/schbul/sbq068
https://doi.org/10.1007/7854_2015_376
https://doi.org/10.1037/abn0000259
https://doi.org/10.1192/bjp.154.5.672
https://doi.org/10.1016/0010-0277(94)90018-3
https://doi.org/10.1016/0010-0277(94)90018-3
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf6000
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf6000
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0045
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0045
https://doi.org/10.1016/S0920-9964(02)00315-8
https://doi.org/10.1016/j.jpsychires.2015.04.007
https://doi.org/10.1016/j.paid.2012.11.019
https://doi.org/10.1080/09297049.2010.547463
https://doi.org/10.1080/09297049.2010.547463
https://doi.org/10.3389/fpsyg.2014.00915
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0075
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0075
https://doi.org/10.1016/j.jad.2009.11.013
https://doi.org/10.1093/schbul/sbw060
https://doi.org/10.1017/S0033291709990468
https://doi.org/10.1017/S0033291709990468
https://doi.org/10.1016/j.schres.2012.01.002
https://doi.org/10.1523/JNEUROSCI.0989-14.2014
https://doi.org/10.1093/schbul/sbv075
https://doi.org/10.1186/1741-7015-11-126
https://doi.org/10.1176/appi.ajp.161.10.1913
https://doi.org/10.3389/fpsyt.2013.00172
https://doi.org/10.1017/S0033291709991462
https://doi.org/10.1016/j.biopsych.2010.01.027
https://doi.org/10.1081/13803390490918354
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0140
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0140
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0140
https://doi.org/10.1016/j.schres.2009.09.020
https://doi.org/10.1016/j.jrp.2005.11.001
https://doi.org/10.1176/appi.ajp.2009.09060802
https://doi.org/10.1093/schbul/sbn068
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0165
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0165
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0165
https://doi.org/10.1016/j.psychres.2013.01.030
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0175
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0175
https://doi.org/10.1016/j.adolescence.2011.06.009
https://doi.org/10.1016/j.adolescence.2011.06.009
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0185
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0185
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0185
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0190
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0190
https://doi.org/10.1016/j.schres.2003.09.011
https://doi.org/10.1016/j.schres.2003.09.011
https://doi.org/10.1016/j.schres.2006.02.028
https://doi.org/10.1016/j.brainres.2007.08.049
https://doi.org/10.1111/j.1440-1819.2012.02403.x
https://doi.org/10.1111/j.1440-1819.2012.02403.x

S. Saperia et al. / Schizophrenia Research 206 (2019) 277-283 283

Leucht, S., Samara, M., Heres, S., Davis, .M., 2016. Dose equivalents for antipsychotic
drugs: the DDD method. Schizophr. Bull. 42, S90-S94. https://doi.org/10.1093/
schbul/sbv167.

Ludewig, K., Paulus, M.P., Vollenweider, F.X., 2003. Behavioural dysregulation of decision-
making in deficit but not nondeficit schizophrenia patients. Psychiatry Res. 119,
293-306. https://doi.org/10.1016/S0165-1781(03)00103-3.

Manes, F., Sahakian, B., Clark, L., Rogers, R., Antoun, N., Aitken, M., Robbins, T., 2002.
Decision-making processes following damage to the prefrontal cortex. Brain 125,
624-639. https://doi.org/10.1093/brain/awf049.

Marin, R.S., Biedrzycki, R.C.,, Firinciogullari, S., 1991. Reliability and validity of the apathy
evaluation scale. Psychiatry Res. 38, 143-162. https://doi.org/10.1016/0165-1781
(91)90040-V.

Martin-Soelch, C., 2009. Is depression associated with dysfunction of the central reward
system? Biochem. Soc. Trans. 37, 313-317. https://doi.org/10.1042/BST0370313.
Mathot, S., Schreij, D., Theeuwes, J., 2012. OpenSesame: an open-source, graphical exper-
iment builder for the social sciences. Behav. Res. Methods 44, 314-324. https://doi.

org/10.3758/s13428-011-0168-7.

Matsuzawa, D., Shirayama, Y., Niitsu, T., Hashimoto, K., Iyo, M., 2015. Deficits in emotion
based decision-making in schizophrenia; a new insight based on the lowa Gambling
Task. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 57, 52-59. https://doi.org/
10.1016/j.pnpbp.2014.10.007.

Miu, A.C,, Heilman, R.M., Houser, D., 2008. Anxiety impairs decision-making: psychophys-
iological evidence from an lowa Gambling Task. Biol. Psychol. 77, 353-358. https://
doi.org/10.1016/j.biopsycho.2007.11.010.

Murray, G.K,, Clark, L., Corlett, P.R., Blackwell, A.D., Cools, R., Jones, P.B., Robbins, T.W.,
Poustka, L., 2008a. Incentive motivation in first-episode psychosis: a behavioural
study. BMC Psychiatry 8, 34. https://doi.org/10.1186/1471-244X-8-34.

Murray, G.K,, Corlett, PR, Clark, L., Pessiglione, M., Blackwell, A.D., Honey, G., Jones, P.B.,
Bullmore, E.T., Robbins, T.W., Fletcher, P.C., 2008b. Substantia nigra/ventral tegmental
reward prediction error disruption in psychosis. Mol. Psychiatry 13, 239-276. https://
doi.org/10.1038/sj.mp.4002058.

Must, A., Szabd, Z., Bédi, N., Szdsz, A., Janka, Z., Kéri, S., 2006. Sensitivity to reward and
punishment and the prefrontal cortex in major depression. ]. Affect. Disord. 90,
209-215. https://doi.org/10.1016/j.jad.2005.12.005.

Nestor, P.G., Choate, V., Niznikiewicz, M., Levitt, ] J., Shenton, M.E., McCarley, RW., 2014.
Neuropsychology of reward learning and negative symptoms in schizophrenia.
Schizophr. Res. 159, 506-508. https://doi.org/10.1016/j.schres.2014.08.028.

Patton, J.H., Stanford, M.S., Barratt, E.S., 1995. Factor structure of the Barratt impulsiveness
scale. ]. Clin. Psychol. 51, 768-774.

Paulus, M.P., Hozack, N., Zauscher, B., McDowell, ].E., Frank, L., Brown, G.G., Braff, D.L.,
2001. Prefrontal, parietal, and temporal cortex networks underlie decision-making
in the presence of uncertainty. Neurolmage 13, 91-100. https://doi.org/10.1006/
nimg.2000.0667.

Premkumar, P., Fannon, D., Kuipers, E., Simmons, A., Frangou, S., Kumari, V., 2008. Emo-
tional decision-making and its dissociable components in schizophrenia and
schizoaffective disorder: a behavioural and MRI investigation. Neuropsychologia 46,
2002-2012. https://doi.org/10.1016/j.neuropsychologia.2008.01.022.

Prentice, KJ., Gold, J.M., Buchanan, R.W., 2008. The Wisconsin card sorting impairment in
schizophrenia is evident in the first four trials. Schizophr. Res. 106, 81-87. https://doi.
org/10.1016/j.schres.2007.07.015.

Reddy, L.F., Waltz, ].A,, Green, M.F., Wynn, ].K., Horan, W.P., 2016. Probabilistic reversal
learning in schizophrenia: stability of deficits and potential causal mechanisms.
Schizophr. Bull. 42, 942-951. https://doi.org/10.1093/schbul/sbv226.

Ritter, L.M., Meador-Woodruff, ].H., Dalack, G.W., 2004. Neurocognitive measures of pre-
frontal cortical dysfunction in schizophrenia. Schizophr. Res. 68, 65-73. https://doi.
0rg/10.1016/50920-9964(03)00086-0.

Rodriguez-Sanchez, .M., Crespo-Facorro, B., Iglesias, R.P., Bosch, C.G.-B., Alvarez, M.,
Llorca, J., Vazquez-Barquero, J.L., 2005. Prefrontal cognitive functions in stabilized
first-episode patients with schizophrenia spectrum disorders: a dissociation between
dorsolateral and orbitofrontal functioning. Schizophr. Res. 77, 279-288. https://doi.
org/10.1016/j.schres.2005.04.023.

Sevy, S., Burdick, K.E., Visweswaraiah, H., Abdelmessih, S., Lukin, M., Yechiam, E., Bechara,
A., 2007. lowa Gambling Task in schizophrenia: a review and new data in patients
with schizophrenia and co-occurring cannabis use disorders. Schizophr. Res. 92,
74-84. https://doi.org/10.1016/j.schres.2007.01.005.

Shah, P.J., O'Carroll, R.E., Rogers, A., Moffoot, A.P., Ebmeier, K.P., 1999. Abnormal response
to negative feedback in depression. Psychol. Med. 29, 63-72.

Shurman, B., Horan, W.P., Nuechterlein, K.H., 2005. Schizophrenia patients demonstrate a
distinctive pattern of decision-making impairment on the lowa Gambling Task.
Schizophr. Res. 72, 215-224. https://doi.org/10.1016/j.schres.2004.03.020.

Simpson, G., Angus, J., 1970. A rating scale for extrapyramidal side effects. Acta Psychiatr.
Scand. 45, 11-19. https://doi.org/10.1111/j.1600-0447.1970.tb02066.x.

Smoski, MJ., Lynch, T.R, Rosenthal, M.Z., Cheavens, ].S., Chapman, A.L, Krishnan, RR,,
2008. Decision-making and risk aversion among depressive adults. J. Behav. Ther.
Exp. Psychiatry 39, 567-576. https://doi.org/10.1016/j.jbtep.2008.01.004.

Strauss, G.P., Horan, W.P., Kirkpatrick, B., Fischer, B.A., Keller, W.R., Miski, P., Buchanan,
R.W.,, Green, M.F,, Carpenter, W.T., 2013. Deconstructing negative symptoms of
schizophrenia: avolition-apathy and diminished expression clusters predict clinical
presentation and functional outcome. J. Psychiatr. Res. 47, 783-790. https://doi.org/
10.1016/j.jpsychires.2013.01.015.

Turnbull, O.H., Evans, C.EY., Kemish, K., Park, S., Bowman, C.H., 2006. A novel set-shifting
modification of the lowa gambling task: flexible emotion-based learning in schizo-
phrenia. Neuropsychology 20, 290-298. https://doi.org/10.1037/0894-4105.20.3.290.

Uher, R, Perlis, R.H., Henigsberg, N., Zobel, A., Rietschel, M., Mors, O., Hauser, ]., Dernovsek,
M.Z., Souery, D., Bajs, M., Maier, W., Aitchison, KJ., Farmer, A., McGuffin, P., 2012. De-
pression symptom dimensions as predictors of antidepressant treatment outcome:
replicable evidence for interest-activity symptoms. Psychol. Med. 42, 967-980.
https://doi.org/10.1017/S0033291711001905.

Vrieze, E., Pizzagalli, D.A.,, Demyttenaere, K., Hompes, T., Sienaert, P., de Boer, P., Schmidt,
M., Claes, S., 2013. Reduced reward learning predicts outcome in major depressive dis-
order. Biol. Psychiatry 73, 639-645. https://doi.org/10.1016/j.biopsych.2012.10.014.

Waltz, J.A., Frank, M.J., Robinson, B.M., Gold, ].M., 2007. Selective reinforcement learning
deficits in schizophrenia support predictions from computational models of striatal-
cortical dysfunction. Biol. Psychiatry 62, 756-764.

Waltz, J.A., Frank, M.J., Wiecki, T.V., Gold, ].M., 2011. Altered probabilistic learning and re-
sponse biases in schizophrenia: behavioral evidence and neurocomputational model-
ing. Neuropsychology 25, 86-97. https://doi.org/10.1037/a0020882.

Waltz, J.A., Kasanova, Z., Ross, TJ., Salmeron, B.J., McMahon, R.P., Gold, J.M., Stein, E.A.,
2013. The roles of reward, default, and executive control networks in set-shifting im-
pairments in schizophrenia. PLoS One 8, e57257. https://doi.org/10.1371/journal.
pone.0057257.

Weiler, J.A., Bellebaum, C., Briine, M., Juckel, G., Daum, 1., 2009. Impairment of probabilistic
reward-based learning in schizophrenia. Neuropsychology 23, 571-580. https://doi.
org/10.1037/a0016166.

Weissman, A.N., Beck, AT., 1978. Development and Validation of the Dysfunctional Atti-
tude Scale: A Preliminary Investigation.

Whitton, A.E., Treadway, M.T., Pizzagalli, D.A., 2015. Reward processing dysfunction in
major depression, bipolar disorder and schizophrenia. Curr. Opin. Psychiatry 28,
7-12. https://doi.org/10.1097/YC0.0000000000000122.

Wilder, K.E., Weinberger, D.R., Goldberg, T.E., 1998. Operant conditioning and the
orbitofrontal cortex in schizophrenic patients: unexpected evidence for intact func-
tioning. Schizophr. Res. 30, 169-174.

Worthy, D.A., Hawthorne, M., Otto, AR,, 2013. Heterogeneity of strategy use in the lowa
gambling task: a comparison of win-stay/lose-shift and reinforcement learning
models. Psychon. Bull. Rev. 20, 364-371. https://doi.org/10.3758/s13423-012-0324-
9.

Young, JW., Markou, A. 2015. Translational rodent paradigms to investigate
neuromechanisms underlying behaviors relevant to amotivation and altered reward
processing in schizophrenia. Schizophr. Bull. 41, 1024-1034. https://doi.org/10.1093/
schbul/sbv093.


https://doi.org/10.1093/schbul/sbv167
https://doi.org/10.1093/schbul/sbv167
https://doi.org/10.1016/S0165-1781(03)00103-3
https://doi.org/10.1093/brain/awf049
https://doi.org/10.1016/0165-1781(91)90040-V
https://doi.org/10.1016/0165-1781(91)90040-V
https://doi.org/10.1042/BST0370313
https://doi.org/10.3758/s13428-011-0168-7
https://doi.org/10.3758/s13428-011-0168-7
https://doi.org/10.1016/j.pnpbp.2014.10.007
https://doi.org/10.1016/j.pnpbp.2014.10.007
https://doi.org/10.1016/j.biopsycho.2007.11.010
https://doi.org/10.1016/j.biopsycho.2007.11.010
https://doi.org/10.1186/1471-244X-8-34
https://doi.org/10.1038/sj.mp.4002058
https://doi.org/10.1038/sj.mp.4002058
https://doi.org/10.1016/j.jad.2005.12.005
https://doi.org/10.1016/j.schres.2014.08.028
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0275
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0275
https://doi.org/10.1006/nimg.2000.0667
https://doi.org/10.1006/nimg.2000.0667
https://doi.org/10.1016/j.neuropsychologia.2008.01.022
https://doi.org/10.1016/j.schres.2007.07.015
https://doi.org/10.1016/j.schres.2007.07.015
https://doi.org/10.1093/schbul/sbv226
https://doi.org/10.1016/S0920-9964(03)00086-0
https://doi.org/10.1016/S0920-9964(03)00086-0
https://doi.org/10.1016/j.schres.2005.04.023
https://doi.org/10.1016/j.schres.2005.04.023
https://doi.org/10.1016/j.schres.2007.01.005
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0315
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0315
https://doi.org/10.1016/j.schres.2004.03.020
https://doi.org/10.1111/j.1600-0447.1970.tb02066.x
https://doi.org/10.1016/j.jbtep.2008.01.004
https://doi.org/10.1016/j.jpsychires.2013.01.015
https://doi.org/10.1016/j.jpsychires.2013.01.015
https://doi.org/10.1037/0894-4105.20.3.290
https://doi.org/10.1017/S0033291711001905
https://doi.org/10.1016/j.biopsych.2012.10.014
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0355
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0355
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0355
https://doi.org/10.1037/a0020882
https://doi.org/10.1371/journal.pone.0057257
https://doi.org/10.1371/journal.pone.0057257
https://doi.org/10.1037/a0016166
https://doi.org/10.1037/a0016166
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0375
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0375
https://doi.org/10.1097/YCO.0000000000000122
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0385
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0385
http://refhub.elsevier.com/S0920-9964(18)30634-0/rf0385
https://doi.org/10.3758/s13423-012-0324-9
https://doi.org/10.3758/s13423-012-0324-9
https://doi.org/10.1093/schbul/sbv093
https://doi.org/10.1093/schbul/sbv093

	Reward-�driven decision-�making impairments in schizophrenia
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Instruments and procedures
	2.2.1. Computerized tasks

	2.3. Statistical analysis
	2.3.1. Demographic and clinical characteristics
	2.3.2. Win-stay/lose-shift
	2.3.3. Clinical and cognitive correlates of win-stay/lose-shift impairments
	2.3.4. Overall IGT performance


	3. Results
	3.1. Demographics and clinical characteristics
	3.2. Win-stay/lose-shift
	3.3. Clinical and cognitive correlates of win-stay deficits in schizophrenia
	3.4. Overall IGT performance

	4. Discussion
	Conflict of interest
	Contributors
	Role of funding source
	Acknowledgements
	References


