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Abstract

Background: Reinforcement learning has been proposed to contribute to the development of amotivation in
individuals with schizophrenia (S2). Accumulating evidence suggests dysfunctional learning in individuals with SZ in
Go/NoGo learning and expected value representation. However, previous findings might have been confounded by
the effects of antipsychotic exposure. Moreover, reinforcement learning also rely on the learning context. Few studies
have examined the learning performance in reward and loss-avoidance context separately in medication-naive indi-
viduals with first-episode SZ. This study aimed to explore the behaviour profile of reinforcement learning performance
in medication-naive individuals with first-episode SZ, including the contextual performance, the Go/NoGo learning
and the expected value representation performance.

Methods: Twenty-nine medication-naive individuals with first-episode SZ and 40 healthy controls (HCs) who have no
significant difference in age and gender, completed the Gain and Loss Avoidance Task, a reinforcement learning task
involving stimulus pairs presented in both the reward and loss-avoidance context. We assessed the group difference
in accuracy in the reward and loss-avoidance context, the Go/NoGo learning and the expected value representation.
The correlations between learning performance and the negative symptom severity were examined.

Results: Individuals with SZ showed significantly lower accuracy when learning under the reward than the loss-
avoidance context as compared to HCs. The accuracies under the reward context (90%win- 10%win) in the Acquisi-
tion phase was significantly and negatively correlated with the Scale for the Assessment of Negative Symptoms
(SANS) avolition scores in individuals with SZ. On the other hand, individuals with SZ showed spared ability of Go/
NoGo learning and expected value representation.

Conclusions: Despite our small sample size and relatively modest findings, our results suggest possible reduced
learning bias towards reward context among medication-naive individuals with first-episode SZ. The reward learn-
ing performance was correlated with amotivation symptoms. This finding may facilitate our understanding of the
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underlying mechanism of negative symptoms. Reinforcement learning performance under the reward context may
be important to better predict and prevent the development of schizophrenia patients’ negative symptom, especially

amotivation.

Keywords: Reinforcement Learning, Reward context, Prediction error, Expected value, Negative symptom,

Medication-naive

Background

Amotivation is a core negative symptom of schizophre-
nia (SZ) [1] and closely correlated with poor clinical and
functional outcomes [2—4]. Reinforcement learning (RL)
involves assigning values to stimuli for driving motivated
behaviours, which is believed to contribute to the under-
lying mechanisms for amotivation in SZ [5, 6].

Prediction Error (PE) signal and the expected value
(EV) representation are essential in the operation of
RL [7]. PE signals indicate the difference between the
expected reward value and the received reward value
[7]. Dopamine (DA) neurons located in the basal ganglia
pathway generate PE signals by increasing phasic firing
rates if the actual outcome is better than the expected
outcome (positive PE), or decreasing phasic firing rates
if the actual outcome is worse than the expected out-
come (negative PE). After a serial trials, PE signals could
enhance (Go learning) or reduce (NoGo learning) the
association strength between the stimulus and action [7].
Defective operation of PE signals may result in dysfunc-
tional value assignment. Indeed, patients with SZ have
been found to exhibit altered Go learning but preserved
NoGo learning [8—11]. Neuroimaging studies have also
demonstrated blunted neural responses towards posi-
tive PEs in the striatum, the midbrain and other limbic
regions [12—14]. Impaired Go learning, coupled with
intact NoGo learning, appears to characterize the under-
pinning of amotivation in SZ [6].

The flexible inner representations of the expected value
of the stimuli mainly involve the prefrontal cortex [7].
Clinical patients such as those with SZ have impaired
prefrontal functions, and may assign the same EV to all
positive PEs regardless of whether PEs are associated
with reward or loss-avoidance [15]. In medicated patients
with SZ, impaired EV representation has been found at
both the behavioural [16-19] and brain functioning lev-
els [20].

Despite the important role of Go/NoGo learning and
the EV representation, the context in which RL is initi-
ated is also an important factor in determining RL perfor-
mance, since the context value sets the “reference point”
to which an outcome would be compared, for updat-
ing and modifying value assignment [21]. For example,
in contexts which entail an overall negative value (i.e.,
losses), successful trials of loss-avoidance will result in

positive PEs. Evidence from behavioural sciences sug-
gests that the different weightings of loss and reward are
taken as a hardwired feature of people’s decision making
[22]. Various biological mechanisms have been found to
underlie reward—loss asymmetry, including genotypes
[23], hormonal levels [24] and brain activation dur-
ing reward processing [25]. Consequently, if one fails to
adopt a context-dependent strategy, dysfunctional RL
may occur. Indeed, one functional Magnetic Resonance
Imaging (fMRI) study found reduced PE responses in
unmedicated SZ patients in reward but not loss contexts
within various regions including the medial prefrontal
cortex, the striatum, and the medial temporal lobe [21].

The above studies have suggested that SZ patients may
have impaired RL performance and the impairments may
contribute to amotivation symptoms. However, findings
on RL in SZ patients have been confounded by effects
of medications which are DA-blocking agents. Evidence
supports that antipsychotic medications exposure can
affect the DA system and thus RL. Eisenegger et al. [26]
demonstrated that sulpiride, a D2-like DA antagonist,
can disrupt approaching behaviour towards rewards in
healthy volunteers, whereas their loss-avoidance behav-
iour was unaffected [26]. This is also supported by one
fMRI study showing that SZ patients receiving higher
dosages of antipsychotic medications exhibited lower PE
signals in the basal ganglia [27]. Moreover, previous stud-
ies on medicated patients with SZ revealed an association
between negative symptoms and RL impairment [6, 8,
11, 17, 28], while studies recruiting unmedicated patients
with SZ failed to find an association of negative symp-
toms with RL [29].

To address these limitations, this study examined RL
performance in medication-naive patients with first-epi-
sode SZ, using the well-validated paradigm of the Gain
and Loss-Avoidance (GLA) task [17]. The GLA task taps
into all the above three important aspects of RL. It should
be noted that, in the majority of previous studies, the Go/
NoGo learning index was conflated with the reward/loss-
avoidance context. The Go learning was associated with
reward receipt (reward context) and the NoGo learning
was associated with loss (loss-avoidance context) [9]. The
GLA task enables us to disentangle these two indexes.
Given that the previous studies which found impaired Go
learning but intact NoGo learning failed to differentiate
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the effects of reward/loss-avoidance contexts on RL, we
hypothesized that SZ patients would could be showing
impaired RL in the reward context coupled with intact
RL in the loss-avoidance context, but not impaired Go
learning coupled with intact NoGo learning. For EV
representation, based on previous findings in medicated
sample [6, 8, 16, 30], we hypothesized that medication-
naive patients with first-episode SZ would exhibit deficits
in representing EV. We also hypothesized that greater
RL impairment would be correlated with severe negative
symptoms, predominantly in the amotivation dimension
in SZ patients.

Methods

Participants

Twenty-nine patients with medication-native first-epi-
sode SZ diagnosed according to Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)
[31] criteria were recruited from the Shanghai Mental
Health Centre. None of clinical participants were tak-
ing any antipsychotic medications. The exclusion criteria
were 1) history of other psychiatric disorder; 2) history
of any neurological disorders; 3) acute exacerbations of
psychotic symptoms; and 4) history of substance abuse in
the past 30 days. Forty healthy individuals were recruited
as healthy controls (HCs) from the community via dis-
tributing fliers and social media platforms. The exclusion
criteria for HCs were 1) history of psychosis or neuro-
logical disorders; 2) family history of psychotic disorder;
and 3) lifetime history of substance abuse. The study was
approved by the Ethics Committee of the Shanghai Men-
tal Health Centre (2017-19R). All participants provided
written informed consent.
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Gain and loss-avoidance task

The adapted version of the GLA task was developed
based on Gold and colleagues’s [17] paradigm. In our
GLA paradigm, eight landscape pictures (Figure 1) were
used as stimuli.

These pictorial cues were chosen as stimuli (cue)
because we tested the arousal and valence ratings they
could induce in 16 college students, and the results
showed that the 8 pictures were comparable (see Addi-
tional file 1 Table S1).

The GLA contained two phases: the acquisition phase
and the transfer phase. In the acquisition phase, four dif-
ferent pairs of cues were presented pseudo-randomly.
Two pairs were associated with potential rewards, the
other two with potential losses. Once presented with a
pair of cues, participants were instructed to select the
picture that was most likely to either (1) earn money
(reward trials) or (2) avoid losing money (loss-avoidance
trials). Feedback regarding the outcome was delivered
based on the designated reinforcement property of each
cue (e.g., Frequent-winner, 90% win: 90% chance of win-
ning ¥5 and 10% of getting ¥0 (Figure 1)). Each pair of
cues was presented 10 times in each block. There were
four blocks, which resulted in a total of 160 trials. In the
transfer phase, the previously learned four pairs of cues
and 24 novel pairs of cues were pooled together and pre-
sented randomly (see Additional file 2 Table S2). Partici-
pants were instructed to select the optimal cue in each
pair. In this phase, no feedback would be delivered. Each
original pair was presented four times, and each novel
pair presented twice. Monetary reward was calculated
based on task performance in the Transfer phase, and
could range from ¥30 to ¥50 (US$4-7).

a 90% win 10% win

— Win
+¥5

105Total
Feedbacks

b 80% win

20% win

Not a Winner

+¥0

100Total
Feedbacks

C 90%lose 10% lose Keep Your

" Money - ¥0
- = 100Total
Feedbacks

Stimulus presentations

Fig. 1 Stimuli and feedbacks in the Acquisition Phase of the GLA task. a Feedback delivered after a correct choice (indicated by a red border) in
the reward trials. b Feedback delivered following an incorrect choice in the reward trials. ¢ Feedback delivered following a correct choice in the
loss-avoidance trials. d Feedback delivered following an incorrect choice in the loss-avoidance trials

20°/_o rlose

d 80% lose

Lose

-¥5

95Total
Feedbacks

Stimulus presentations
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Cognitive and clinical measures

All participants completed the information, arithmetic,
similarities and digit span (forward and backward) sub-
tests of the Wechsler Adult Intelligence Scale—Chinese
version (WAIS-RC) for estimation of intelligence quo-
tient (IQ). We also administered the Positive and Nega-
tive Syndrome Scale (PANSS) [32] and the SANS [33] to
patients.

Statistical analysis

The task performance accuracy was calculated as the per-
centage of correct responses in choosing an item from
the pair which could generate more reward or avoiding
more loss in the acquisition and transfer phases. Trials
with response time (RT) shorter than 100ms (0.5% trials
on average) were deemed invalid and were excluded from
the analysis.

Participants’ performance accuracy in the acquisition
phase was analyzed using a four-way repeated-measure
Analysis of Variance (ANOVA), with Context (reward vs.
loss-avoidance), Probability (80% vs. 90%), Block (1 - 4)
and Group (SZ vs. HC) as independent variables.

During the transfer phase, two indices (i.e., the Go
learning and the NoGo learning) were generated, based
on the accuracy of performance across contexts. Pairs
consisting of a most frequently reinforced item (i.e., 90%
win / 90% loss-avoidance) but not a most infrequently-
reinforced item (i.e., 10% win / 10% loss-avoidance) were
defined as “Go learning” pairs, which including 90% win
vs 80% win, 90% win vs 20% win, 90% loss-avoidance vs
80% loss-avoidance and 90% loss-avoidance vs 20% loss-
avoidance; whereas pairs which contained one most
infrequently-reinforced item (10% win / 10% loss-avoid-
ance) rather than most frequently reinforced item (i.e.,
90% win / 90% loss-avoidance) were defined as “NoGo
learning” pairs (i.e., 10% win vs 80% win, 10% win vs
20% win, 10% loss-avoidance vs 80% loss-avoidance and
10% loss-avoidance vs 20% loss-avoidance). Based on
the accuracy of the Go and NoGo learning index, we
conducted a repeated-measure ANOVA with Go/NoGo
(Go vs. NoGo) as within-subject factor and Group as
between-subject factor. To further examine the different
performance of Go/NoGo learning, the difference scores
in Go and NoGo learning accuracy were also extracted
and tested for group differences.

For the reward context index, we averaged all the novel
pair with both winning cues (i.e., 90% win vs 80% win, 90%
win vs 20% win, 80% win vs 10% win and 10% win vs 20%
win). Similarly, for the loss-avoidance context, four pairs
including 90% loss-avoidance vs 80% loss-avoidance, 90%
loss-avoidance vs 20% loss-avoidance, 80% loss-avoid-
ance vs 10% loss-avoidance and 10% loss-avoidance vs
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20% loss-avoidance were averaged. A repeated-measure
ANOVA was then conducted with Context (Reward vs.
Loss-avoidance) as the within-subject factor and Group as
the between-subject factor. The difference scores in reward
and loss-avoidance context accuracy were also calculated
in order to examine the contextual learning bias towards
either context. Group differences were tested using inde-
pendent t tests.

To estimate participants’ ability in representing the EV,
we calculated the accuracy of performance in four types of
pairs in the transfer phase (i.e., 80% loss-avoidance vs 80%
win, 90% loss-avoidance vs 90% win, 20% win vs 20% loss-
avoidance and 10% win vs 10% loss-avoidance). Notably,
these four pairs contained cues having same valence and
probability of PE, but different EVs. Given that participants
likely encountered items with high probability more often
rather than those with low probability during the Acquisi-
tion phase, we generated two separate indices for EV (ie.,
high probability EV index and low probability EV index).
Moreover, given that the expected value indices are relied
on the assumption of equal utilization of the positive/nega-
tive PEs in the reward and loss-avoidance context, the dif-
ference scores between reward and loss-avoidance context
accuracy was taken as a covariate in the univariate ANO-
VAs to determine the group difference.

Given the gender difference in RL [34] and the close rela-
tionship between working memory (WM) and RL [35, 36],
participants’ gender and WM performance (backward digit
span) were entered as covariates in all the analyses. We took
the WM performance so as to ascertain the effect of diag-
nosis on reinforcement learning without the confounding
effect of poor WM associated with SZ patients. However, it
is possible that covarying will reduce the ability of detecting
diagnosis effects. Thus, we also did an exploratory analysis
without the covariates and the results remained significant.

Partial correlations were used to examine the relationship
between RL and clinical symptoms in terms of amotivation
and anhedonia severity (Scale for the Assessment of Nega-
tive Symptoms (SANS) avolition and anhedonia subscale
scores) in SZ participants, while controlling for gender and
WM (backward digit span). We also examined the relation-
ship between RL indices and WM in clinical participants,
while controlling for the gender effect. The False Discovery
Rate (FDR) corrections were applied. Greenhouse-geisser
correction was used for results that did not meet the sphe-
ricity assumption.

Results

Demographics, cognitive functions and clinical
characteristics

As shown in Table 1, the two groups did not differ in age,
gender, education level, IQ estimates and WM perfor-
mance (ps > .05).
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Participants’ performance in the acquisition phase

The four-way ANOVA revealed a significant main effect
of Block (Fys; ;7,3 = 19.32, p <.001, * = 0.22), indicat-
ing that participants’ learning accuracy improved steadily
over time (Figure 2).

The main effect of Probability was significant (F,
=6.16, p = .02, ° = 0.08), suggesting the accuracies
improved as the probability increased. Both groups’ per-
formances in Block 4 were significantly better than ran-
dom level (ps <.001). The Group-by-Context interaction
failed to reach significance (F;¢, = 1.25, p = .27, 1> =
0.02). Main effect of Context (F, 4, =0.26, p = .62, i° =
0.004) and Group (F; ¢, <0.001, p = .99, #° < 0.001) also
failed to reach statistical significance. The Context-by-
Block interaction (Fysg ;7509 = 3.44, p = .02, ° = 0.05)
and the Probability-by-Block interaction (F,4; ;65,7 =
4.13, p = .007, ;72 = 0.06) were significant. None of the
other 3-way interactions and the 4-way interaction were
significant.

Participants’ performance in the transfer phase

When the Go and NoGo learning indices were sub-
jected to repeated measure ANOVA, the main effect
of Group was not significant (F1,63 = 0.46, p =.50,
n? = 0.01), suggesting that participants with SZ did
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not show a general learning impairment relative to
controls. The Group-by-Go/NoGo interaction was
not significant (F} ¢ = 1.89, p =0.17, n* = 0.03, Fig-
ure 3A), showing that both groups have comparable
performance in the Go and NoGo learning. Also, no
significant group difference was found on the dif-
ference scores between Go-NoGo learning accuracy
(Fie3 = 1.89, p =17, 172 = 0.03). However, the dif-
ference scores between the reward to loss-avoidance
context yield a significant group difference (F, 4, =
5.60, p =.02, n° = 0.08, Figure 3C). Participants with
SZ showed significantly reduced learning bias from
reward context than HCs. The Group-by-Context
interaction was also found significant (F, 4, = 5.60,
p =.02, 77 = 0.08, see Figure 3B). Further analy-
sis indicated HCs, but not SZs, performed better in
the reward context than loss-avoidance context. The
main effect of Context (F,¢, = 0.19, p =.66, 7> =
0.003) and Group (F, ¢, = 0.05, p =.83, ° = 0.001)
were not significant.

When the EV indices were subjected to ANOVAs, SZ
participants and HCs showed comparable EV indices
both in the low (F, ¢, = 0.001, p=.97, #° < 0.001) and
high probability conditions (F; 4, = 1.66, p=.20, 0=
0.03).

Table 1 Demographics, cognitive functions and clinical characteristics

Variables? Sz HC X2/t (df) p-value Cohen’sd
(n=29) (n=40)

Age (years) 24.69 (6.16) 25.78 (3.54) -0.85P (41.32) 040 -0.23

Male gender, n (%) 19(65.5) 17(42.5) 3.57°(67) 0.06 0.23¢

Length of Education (years) 13.59 (2.72) 14.15(4.12) -0.68° (66.5) 0.50 -0.17

|Q estimates 107.52 (12.74) 111.55 (15.54) -1.15° (67) 0.26 0.28

Digit span_forward 8.93(1.13) 877 (1.11) 0.59° (66) 0.56 014

Digit span_backward 6.03 (1.57) 6.23 (1.69) -0.49° (66) 0.63 -0.12

Duration (months) 10.76 (10.08)

SANS_Flattened Affect 12.38 (9.09)

SANS_Alogia 5.48 (5.24)

SANS_avolition 9.48 (3.36)

SANS_ anhedonia 13.24 (4.95)

SANS_attention 483 (3.10)

SANS_Total 4541 (20.58)

PANSS_negative 23.55(8.83)

PANSS_positive 18.76 (7.57)

PANSS_disorganize 4434 (10.01)

PANSS_Total 86.66 (21.10)

Note: SZ schizophrenia patients, HC healthy control, IQ Intelligence Quotient, SANS Schedule for the Assessment of Negative Symptoms, PANSS Positive and Negative

Syndrome Scale

2Variables were presented in mean and SD except gender. Gender was presented in number and percentage

P Independent sample t test
€ Chi-square
4 ¢ (phi)
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Fig. 2 Performance at each block in the Acquisition Phase. a Performance at pair of 90% win vs 10% win. b Performance at pair of 80% win vs 20%
win. ¢ Performance at pair of 90% loss-avoidance vs 10% loss-avoidance. d Performance at pair of 80% loss-avoidance vs 20% loss-avoidance

Acquisition Block

Correlations between RL performance and clinical
measures in medication-naive participants

with first-episode SZ

A significant and negative correlation was found between
the accuracy of learning in reward context (10% win
- 90% win) across the acquisition phase and the avoli-
tion subscale score of the SANS (ry5 =-0.54, Prpr_corrected
=.004).

Discussion

The present study investigated the multiple aspects of
RL in medication-naive patients with first-episode SZ.
Despite the limited sample size and modest findings,
we found preliminary evidence of SZ patients showing
reduced contextual bias towards the reward context.
Furthermore, the reward context learning performance
was correlated with avolition symptoms of individuals
with SZ. We found no evidence for dysfunction in Go/
NoGo learning and EV representations in patients with
SZ.

In medication-naive SZ patients, the results showed
intact Go and NoGo learning relative to controls. Simi-
larly, recent studies also found intact positive and nega-
tive PE-driven learning in patients with chronic SZ [37].
On the other hand, a few previous studies on chronic
SZ reported that both the Go and NoGo learning were
impaired [38, 39]. However, the proposed selectively
impaired Go but intact NoGo learning was not consist-
ently found in patients with SZ. Compared with previous
evidence, our findings were unlikely to be confounded by
medication effect on the DA systems, and suggested that
the Go and NoGo learning in SZ patients were largely
intact. The role of Go and NoGo learning in SZ could
vary among different stages of schizophrenia.

Our findings indicated a possible deficit in reduced
learning bias towards the reward context in patients
with SZ, which is consistent with previous study found
more pronounced impairment in reward context
among unmedicated SZ patients [40]. Indeed, previ-
ous fMRI results suggested that attenuated PE response
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Fig. 3 Group difference in the Transfer phase. a Accuracies of Go/NoGo learning. b Accuracies of reward/loss-avoidance context learning. ¢
Difference scores in reward and loss-avoidance context learning accuracy. * p < 0.05

in unmedicated patients with SZ in the medial prefron-
tal cortex under the reward but not loss-avoidance con-
text [21, 41]. It also dovetails with studies using the same
GLA task on medicated patients with chronic SZ, which
were found to have poorer performance in reward than
loss-avoidance trials [17, 42, 43]. The attenuated learning
from rewards than loss-avoidance context in medication-
naive SZ patients, together with similar findings observed
in chronic medicated SZ patients, may suggest a persis-
tent dysregulation throughout the course of illness. Our
findings of correlation analysis also suggest a positive
relationship between the learning performance under the
reward context and avolition symptom. This finding may
indicate that reduced learning bias toward reward may
related to the more severe amotivation symptoms.
Regarding EV representation, we found no evidence
for impaired EV representation in medication-naive
first-episode SZ patients, consistent with earlier results
using medicated SZ samples [28]. Our participants with
SZ showed comparable preferences for reward stimuli
over loss-avoidance stimuli as controls. Similar findings
have been reported in individuals with ultra-high risk
for SZ of their intact prefrontal activity during PE sign-
aling and reward anticipation [44—46], suggesting that
people at the very early stage of the SZ spectrum are
capable of representing EV. EV performance and pre-
frontal activation while evaluating reward outcomes

have repeatedly been found to be correlated with the
severity of negative symptoms [29]. However, in our
study, as negative symptoms were unlikely to attrib-
utable to medication effects, this relationship was not
found. A similar study on brain activity in medication-
naive SZ patients during reward anticipation also did
not find any significant correlation between prefrontal
activation and negative symptoms [29]. According to
the theory proposed by Waltz and Gold [15], although
both unmedicated and medicated SZ patients have
disrupted RL, the aberrant learning observed in medi-
cated chronic SZ may more likely be due to faulty EV
representation rather than dysfunctional PE utilization,
while the latter mechanism may be more applicable to
unmedicated SZ patients. Such an account posits that
EV is strongly linked to negative symptoms in chronic
SZ, leading to persistence of these symptoms through-
out the illness. Although our sample size was relatively
small, our preliminary results suggested that EV may
play an important role in maintaining the negative
symptoms rather than causing them.

This study has several limitations. First, the sample size
was relatively small many of our results were modest in
magnitudes, which might have limited statistical power.
Moreover, given the limited sample size, it is possible that
the current sample may not cover the full populations
within the medication-naive first-episode schizophrenia
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patients. Our sample was biased by a certain degree of
highly-educated and young patients and we encouraged
the readers to interpret the results with cautious. Future
studies with larger sample size and a more representative
sample are in great need to verify and replicate the pre-
sent results. Second, our paradigm was limited by hav-
ing a small number of trials. Future studies are required
to verify the results with more trials. The GLA task was
monetary in nature. Future developments of experi-
mental paradigms imbedded in the social and interper-
sonal context may further promote the investigation of
patients’ learning from social reward and social pleas-
ure. Third, our sample of medication-naive first-episode
SZ patients apparently had a low level of anhedonia and
amotivation. In order to understand the role of reinforce-
ment learning in the formation of amotivation, future
studies should recruit first-episode SZ patients with
prominent negative symptoms.

Conclusions

In conclusion, we found preliminary evidence of a lack
of learning bias towards the reward context in medica-
tion-naive first-episode SZ patients. Performance under
the reward context was negatively correlated with avoli-
tion symptoms measured by the SANS. In addition, we
find patients with SZ demonstrated preserved EV rep-
resentation and Go/NoGo learning in the early stages of
the disease. Impaired reinforcement learning under the
reward context in this very early case of SZ may indicate
that it could serve as a viable starting point to better pre-
dict and prevent the developments of patients’ negative
symptoms.
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