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Schizophrenia is generally characterized by various
positive and negative symptoms that are accompanied by
significant social dysfunction. Various researchers
investigated the functional impairments in schizophrenia
including impaired theory of mind (TOM), poor
integration of affective and cognitive information, and
malfunctioning of adaptive and strategic learning process.
However, most of the studies were limited to simplified
cognitive tests or computerized choice games that exclude
real social interaction. The aim of the current study was to
investigate human strategies based on the incentives and
particularly the cognitive and emotional motivations of
free riding. We examined the decision patterns of 41
healthy subjects (HSs) and 37 schizophrenia patients
(SZ) during the public goods game (PGG), one of the
games simulating human cooperation and free riding in
group interactions. Strategic decision processes during
the iterative binary PGG were assessed in terms of cogni-
tive understanding, loss sensitivity, and TOM. We found
that greed and loss sensitivity both motivated free-riding
behavior in the HS, but that they were more vulnerable
to greedy incentives than to possible loss. More signifi-
cantly, the SZ clearly displayed a lower prevalence of
free riding and distinct decision patterns from HS. Non-
strategic and unexpectedly low free ridings in the SZ likely
arise from poor integration of cognitive and affective infor-
mation. We suggest that loss sensitivity and TOM as well
as cognitive understanding are involved in regulation of the
free riding and cooperative behavior.
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Introduction

Schizophrenia is generally characterized by symptoms such
as visual or auditory hallucinations, paranoid or bizarre
delusions, and disorganized speech and thinking and is

commonly accompanied by significant social dysfunction.'
In thelast 2 decades, various researchers have administered
cognitive tasks to individuals with schizophrenia to reveal
the mechanism of their functional impairments, including
impaired theory of mind (TOM)? ®and emotion process-
ing,” '! poorintegration of affective and cognitive informa-
tion,'? and anomalies in strategic decision making.'*'*
However, previous studies had critical limitations in that
the tasks they used were restricted to computerized choice
games or simple cognitive tests that donot require any social
interaction. To our knowledge, only 2 recent studies have
examined the social decision-making performance of
schizophrenia patients (SZ) in a game paradigm that
involves human-human interaction.'*!> Both of these stud-
ies used the Ultimatum Game, one of the classical
bargaining games that involve 2-person interaction but
observed different response patterns to social signals
from the partner (ie, unfair offer). Hence, little is known
about the effect of SZ’s functional impairments on the
social decision-making process (eg, cooperation or free
riding).

In the field of social decision making, the public goods
game (PGGQG) is often used to simulate human cooperation
and free riding as part of a group.'®!” The proportion each
player invests between private and public accounts repre-
sents the amount of the player’s cooperation. The alloca-
tion of the gathered public goods is equal regardless of the
amount of each individual’s investment. Thus, in the
game-theoretic view, a dominant strategy in this game
to maximize one’s own profit is to free ride (ie, invest
none of one’s endowment in the public account) and
earn the extra money shared from the public account,
while a Pareto-efficient outcome (the condition where
no change in the allocation of goods can make some indi-
viduals’ payoft higher without any other individual being
made worse off) is attained by all participants who invest
their entire endowments in the public account.!® Thus,
in theory, 0% of cooperation should be observed.
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However, various empirical studies using diverse designs
(single-trial/repeated-trials/repeated single-trial; linear/
binary PGG; different group sizes; and different marginal
returns) of the PGG have consistently shown that people
choose to contribute (cooperate) 20-40%, on average, in
the first round and tend to free ride more in the later
rounds (converged to nearly 0%).'2* This emergence
of nonkin cooperation has been broadly investigated,
and reciprocity, group selection, and coevolutionary
rule have been suggested as possible mechanisms of
evolution of cooperation.”>*® Apart from the moderately
observed cooperation at the start of the repeated trials, it
has been emphasized that participants’ degrading cooper-
ation through iteration might change mainly according to
their strategic decisions.'®'®?° The strategic decision
making between free riding and cooperation requires
high cognitive functions including both social and nonso-
cial cognition. Thus, investigating the motivations to free
ride and the internal decision process triggering coopera-
tion and free riding is essential to estimate the group
behavior and induce optimal or suboptimal solutions
for allocating public goods.

Therefore, the aim of the current study was to investi-
gate the strategic mechanism by which healthy subjects
(HSs) and SZ decide to cooperate or to free ride during
the iterative binary PGG. Although participants have
shown similar behavioral trends in previous studies of
the PGG for the last 2 decades,'®2*?7-?® 4 well-controlled
version of the PGG is critically required to investigate the
motivations for cooperation and free riding and to find
solutions for the social dilemma posed by the game. In
this study, first, the options for cooperation were simpli-
fied by utilizing a simple binary PGG*' and providing only
2 alternatives of cooperation for simplicity: cooperation,
in which a player’s entire endowment is invested in the
public account, or free riding, in which a player’s entire
endowment is kept for himself or herself. This form of
the game involves not only binary decisions but also
binary results, ie, success when the group has at least as
many cooperators as the preset threshold or failure
when fewer participants cooperate. Second, the major
incentives for free riding can be modified and differenti-
ated in a multiple-condition design,?' which introduced
3 differentiated conditions of PGG, emphasizing 2 main
motivations of free riding: fear of being ““suckered” (ie, los-
ing money) and a desire to earn more money than others.
Since the PGG itself requires a complex decision process,
the researchers could assess the substitutional environ-
ments (ie, half of the social dilemma) by controlling
each of them separately and found a dominant effect of
greed on free-riding behavior.?! Third, to assess the in-
volvement of TOM, affective or cognitive motivations
in the mechanisms of cooperation and free riding, patients
with schizophrenia were recruited to conduct the PGG.
(The rationale for the experimental design was described
in detail in the online supplementary material).

Impaired Cognitive Motivations in Schizophrenia

Methods

Subjects

FiftySZ (meanage: 37.9 + 6.8; M/F:30/20)and 60 HS (mean
age: 35.8 = 7.9; M/F: 34/26) were initially recruited for the
current study. The SZ were inpatients from Bugok National
Hospital, Gyeongnam, South Korea, and the HS were in-
dependently recruited using the Internet and local newspa-
per advertisements. A comprehensive review of medical
records and the Structured Clinical Interview for Diagnostic
and Statistical Manual of Mental Disorders, Fourth edition,
(DSM-1V) Axis I disorders®® were completed by specialists
under the supervision of 2 psychiatrists. All patients met the
DSM-1V criteria for schizophrenia, except for 3 patients.
Among them, we excluded data obtained from 13 SZ and
19 HS who did not match the age, education, and DSM-
IV criteria (see online supplementary material). The patients
who were included were medicated with stable dosages of
atypical antipsychotics. Positive and Negative Syndrome
Scales (PANSS) positive, negative, general, and total scales
were administered to all participants to assess the severity of
their positive and negative symptoms.>”

According to these exclusion and inclusion criteria, we
finally used data from 37 SZ and 41 HS. The 2 groups
were matched in terms of age (74 = —0.336, P = .738),
sex (x* = 0.307, P = .579), and education length
(t73.567 =1.865, P = .066). The socioeconomic status dif-
ference between the 2 groups was not considered based
on a previous study that showed that individual-level
economic variables (including wealth) cannot explain
cooperation patterns.>’ Table 1 shows the demographic
properties of and clinical information for the 2 groups.

Written informed consent was obtained from all
participants after a description of the experimental
procedure. The current study protocol and the consent
forms were reviewed and approved by both the Bugok
National Hospital institutional review board and the
KAIST institutional review board (KH2008-01).

Experimental Procedures. PGG

In the binary PGG, the participants were given a certain en-
dowment and had 2 alternative choices, to cooperate or to
free ride (figure 1a). The players could invest their money in
the public or the private good. Five participants were
assigned to a group for the PG game (SZ were only assigned
to groups with other patients). For the current study, cards
with “5000” or “0” marked on one side were used. Attheend
of the game procedures, each card with a 5000 mark was
considered as $0.50 (500 Korean won), and each participant
received an honorarium in Korean money according to the
number of cards he gathered. All participants were seated
facing each other and were provided with instructions.
Each condition was repeated for 10 trials, and $5 of prom-
issory notes was given to each participant before starting
each trial. Each player had to choose either to cooperate
or to free ride for the group benefit. A bonus of $50 was
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Table 1. Demographic and Clinical Characteristics of Schizophrenia Patients and Healthy Subjects

Healthy Subjects (n = 41)

Schizophrenia (n = 37)

Variables Mean SD Mean SD Significance Level

Age (years) 36.1 7.5 36.6 6.0 t76 = —0.336, P = .738
Sex (male/female) 29/12 24/13 ¥*1 = 0.307, P = .579
Education (years) 13.7 2.1 12.9 1.6 t13.567 = 1.865, P = .066
Duration of illness (years) 12.1 6.5

Onset (year) 24.5 6.3

PANSS-P 19.0 3.6

PANSS-N 20.0 3.4

PANSS-G 41.1 5.3

PANSS-T 80.1 9.0

Note: PANSS, Positive and Negative Syndrome Scales; P, positive; N, negative; G, general; and T, total.

distributed equally to all players, regardless of each one’s
decision, if 3 or more of the 5 players cooperated (ie, extra
$10 each). The participants were instructed to turn in their
cards simultaneously after a countdown from 5 to 0, which
were displayed on a monitor. The number of cooperators
and whether the group had received a bonus were displayed
onthemonitorsequentially. Onlyifthe group succeeded was
a bonus distributed by means of the cards to maintain
a realistic environment.

We employed 2 methods of modifying incentives in
social dilemmas (from condition I explained above; figure
1b) that were introduced in previous studies.?'**> One was
to assure the participants that they would not lose their
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(condition III). By analyzing strategy differences (mean
free-riding rates and responses to the presented results
in the preceding trial) between conditions, we expected
to uncover affective and social motivations to free ride
that are hidden under and interact with greedy motivation
to maximize one’s profit (see online supplementary mate-
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Fig. 1. Schematic diagram of the public goods game (PGG). (a) The game consists of 3 steps. Step 1. After receiving the initial money from the
experimenter, all participants anonymously decide to cooperate or to free ride. Step 2. Whether the group earned the reward is presented
(success/failure). Step 3. The number of cooperators is presented and if the group succeeded, an equal amount of bonus money is distributed to
the group members. (b) Three tables display the payoff matrix of each of the 3 conditions. Each of the 2 main motivations to free ride were
removed from the standard PGG (condition I). Possible monetary loss was controlled (removed) in condition II (fear-free; right-top in
condition IT) and greed was controlled in condition III (greed-free; left-bottom in condition III). Free: free ride; Coop.: cooperate.
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Fig. 2. Mean free-riding ratios in each condition. Healthy subjects
exhibited significantly different free-riding rates in each condition
(condition I > I > III). Schizophrenia patients showed comparable
free-riding rates across all 3 conditions, but showed relatively lower
rates of free riding than the healthy group. Black asterisk: within-
group difference; gray asterisk: between-group difference. SEs of

each condition are represented as error bars. **P < .01; *** P < .001

for each condition to check their understanding of the
game rules. We explained the game rules repeatedly and
provided examples in cases in which the participants incor-
rectly responded to the condition questionnaires. All deci-
sions made by the players and the results of each trial for
each group were recorded for further analysis.

Data Analysis

The participants were provided with information about
group cooperation, but not about individual decisions
from each other player to preserve anonymity. Although
5 participants played as a group, we analyzed each partici-
pantasanindependent player under the assumption that the
group characteristics other than cooperation performance
(eg,age,education,orIQ of other participants) did not affect
the choices made during the game due to the conserved an-
onymity of the game. We used repeated measures ANOVA
toassess performance differences among the 3 conditions in
each group and one-way ANOVA to assess group differen-
ces in each condition and subcase. The alpha level was set at
.05 for all statistical tests (see online supplementary material
for details on statistical analysis).

Results
Free-Riding Behavior in the PGG

To investigate how the differences in performance were
affected by the major incentives to free ride, we firstly
measured cooperation ratios in each condition for the
HS. Not only enforcing cooperation but also removing
the possibilities of loss significantly lessened the free-riding
rates of the participants (condition I, IT > III; figure 2).

Impaired Cognitive Motivations in Schizophrenia

The significantly larger amount of decrease on free riding
induced by omitting the greed factor than by omitting the
fear factor (condition II > III) indicates that greed takes
precedence over fear in the free-riding decisions of HS.

We used the same measurement (free-riding ratio) for
the SZ to investigate if the incentives, ie, fear and greed,
affect their free-riding performance in the same way that
they affected the HS. The SZ showed relatively low free
riding, on average, in all 3 conditions compared with the
HS, around 35% in condition I (35.1 = 5.1%) and condi-
tion II (35.7 = 5.6%) and around 25% in condition III
(25.4 = 4.9%). However, they did not show any statistical
difference between conditions (F)e35865 = 3.014,
P = .067). Neither of the incentive modifications, elimi-
nating the fear factor in condition II and the greed factor
in condition III had a significant effect on changing SZ’s
decisions. Compared with the behavioral differences
observed in the HS throughout the 3 conditions, these
results indicate that few SZ were affected by the fear
of losing money or greed.

The free-riding ratios of the 2 groups were compared
with examine their behavioral differences in each condi-
tion. The SZ showed a relatively lower rate of free riding
than the HS for all conditions, but this difference was
only significant for the first condition (F; = 12.338,
P < .01; figure 2). We did not observe any statistical
differences between groups in conditions II and III, in
which both the SZ and the HS showed lower rates of
free riding than in condition I. These results provide
statistical evidence that the SZ were not only less affected
by fear and greed but also more cooperative in the con-
dition with both motivations to free ride.

Sequence Effect on Free-Riding Performance

We could estimate motivation underneath revealed free-
riding behavior by analyzing sequential choices that
respondtotheresultinthe precedingtrial. Tocomparesstrat-
egies between 2 groups, we categorized free-riding decisions
according to the result obtained for whether the group suc-
ceeded or failed to earn a bonus in the preceding trial. We
compared categorized free-riding ratios for success vs fail-
ure. No statistical differences were found between the 2 out-
comes for HS in conditions I (figure 3a) and II (figure 3b).
Interestingly, in condition III only, the HS free-rode less in
the trial after earning a bonus compared with the opposite
case (ie, after failing to earn a bonus; F; = 5.085, P < .05;
figure 3¢). Unlikein condition II, which includes guaranteed
pay-back in failed cases, cooperators among the partici-
pants risked losing their invested money in conditions I
and III. The increased free riding of the HS after a failure
in condition III, the only condition of the 3 that is indepen-
dent of greed as a motivation, indicates that the HS were
averse to losing their money during the game.

In contrast to the HS, the results of the preceding trial did
not affect the SZ’s behavior enough to cause any statistical
differences, regardless of the type of condition (figure. 3a—).
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Fig. 3. Mean free-riding ratios in the trials preceded by successful or failed trials. Both groups displayed comparable free-riding rates
regardless of the result of the preceding trial in (a-b) condition I and I1. (c) Only healthy subjects exhibited significantly less free-riding ratios in
trials following successful vs failed trials in condition II1. SEs of each condition are represented as error bars; **P < .01

Thisresultshows that the SZ were insensitive to failurein the
preceding trial. Another way to explain this result is that the
SZ might not have recognized the possible influence of the
preceding result on the current decision.

We also compared the free-riding ratios between and
within the groups to test whether the number of free
riders in the preceding trial affects free-riding behavior.
A participant can roughly anticipate the other players’
decisions in a given round from the number of free riders
in the preceding round. To go one step further, a player
could estimate how the other players would react to the
information given and expect him or the group to behave.
For comparison purposes, we categorized players’ deci-
sions into 5 subcases based on the number of players
among the 5 participants in each group who free-rode
in the previous trial; categories ranged from 0 to 4, ex-
cluding the player’s own free riding.

In condition I, we found no significant differences
within the HS (F; = 0.548, P = .701; figure 4a). The
free-riding rates in the 5 subgroups were also comparable

contrast to the other 2 conditions, we observed that
the HS showed statistically significant differences in their
decision patterns according to others’ free riding in
condition III (F; = 3.296, P < .05; figure 4c). The HS
showed relatively less, although not statistically different,
free riding following trials in which 3 other players
free-rode than they did following trials in which all other
players free-rode. Their free riding was significantly more
frequent following trials in which 4 other players
free-rode than they did following trials in which 0, 1,
or 2 other players free-rode (¢4 = —2.872, P < .0l;
118.091 = —3780, P < 01, and 11627 = —3196, P < 01
for 0, 1, and 2 free riding players, respectively). The dif-
ferentiated free-riding rates in condition III, affected by
the number of free riders in the preceding trial in addition
to success/failure result, revealed the ability of HS to pre-
dict others’ behavior, which can also be thought of as
TOM or mentalizing.

We also recalculated the free-riding rates of the SZ into 5
subcases. In condition I, no statistical difference was

in condition II (F4 = 1.075, P = .371; figure 4b). In  detected within the group (F; = 0297, P = .879;
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[_1Healthy Subjects r P 1
100 Schizophrenia ] 1004 T r 1
1 100 1
£ 807 £ g0 £ 807
L ] .2 1 .2 ]
T 60 T o] € 60
(=2} J (=2 (=] 4
£ £ 1 £
2 404 2 40 2 404
@ i & ] @ i
e 2 o
w204 w20 w20
0 0 A 0- A
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Number of free-riders in the preceding trial Number of free-riders in the preceding trial Number of free-riders in the preceding trial
Condition | Condition Il Condition llI

Fig. 4. Mean free-riding ratios in the trial following a trial with the indexed number of free riders. Both groups displayed comparable free-
riding rates within their groups in (a-b) condition I and II. (¢) In condition III, healthy subjects showed significantly higher free-riding rates
when all participants defected than when 0, 1, or 2 players free-rode in the preceding trial. Black asterisk: within-group difference; gray
asterisk: between-group difference. SEs of each condition are represented as error bars. ¥P < .05; **P < .01; ***P < .001
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Fig. 5. Correlations between total earnings and PANSS scales. (a-b) Positive correlations were observed between total earnings and PANSS-P

scale in condition I and III.

figure 4a). The SZ tended to free ride relatively less imme-
diately after trials with 3 free riders than after other subcases
in condition II but did not show significant difference
(F4=2.233, P=.070; figure 4b). In condition III, compared
with the HS group, the SZ showed comparable free-riding
rates between subgroups regardless of the number of free
riders in the preceding trial (F4; = 0.468, P = .759;
figure 4c). These results indicate that the SZ have difficulties
in reading others’ intentions, ie, to cooperate or to free ride.
Several local differences between each subcase of the
2 groups were observed that can be considered as by-
products that are dependent on the global group behavior
(see online supplementary material for details).

Correlation Between Performance and Clinical Features

We examined if the patients’ performance (ie, free-riding
ratio and total earning) was correlated with their symptom
severity using PANSS. No significant correlation was
found between the free-riding ratio in each condition
and each of the PANSS scales in all pairs. However, we
found a positive correlation between the PANSS positive
(PANSS-P) and the participants’ total earnings in condi-
tion I (Adjusted R* = .083, P = .047; figure 5a) and
a significant positive correlation with both PANSS-P
and PANSS total (PANSS-T) scales in condition III
(Adjusted R* = 227, P = .002; Adjusted R*> = .117,
P = .022; respectively, figure 5b and figure S6(a) in online
supplementary material). No significant correlation was
observed between the participants’ total earnings from
condition II and each of the PANSS scales. These signif-
icant correlations indicate that the patients’ symptom
severity might be associated with loss sensitivity. Finally,
we found the only significant correlation between the stay
rates following failure of the cooperators in condition I
and their PANSS negative (PANSS-N) scales (Adjusted
R? = 236, P = .028; figure S6(b) in online supplementary
material). No significant correlations were found between

the game performances and other clinical features, such as
duration of illness, onset of illness, or medication dosage
(see online supplementary material for details).

Discussion

The objectives of the current study were, first, to unravel
the strategic mechanisms by which healthy participants de-
cide whether to invest or not in public goods and, second,
to investigate whether SZ show intact performance in
a social decision-making task and to clarify the causal de-
ficiency behind any abnormal behavior observed during
the PGG. We observed that fear of losing money and greed
for earning more money than others both induced HS to
free ride. The HS showed notable sensitivity of loss and
TOM behavior through repeated trials of the PGG. In
contrast, the SZ had low sensitivity to both fear of losing
money and greediness—no free-riding rate difference was
made with modified incentives—which result in highly
cooperative behavior in the PGG. Furthermore, the SZ
showed dysfunction of TOM on iterated PGG trials.
(The significance of the current study was described in
detail in the online supplementary material).

Loss Sensitivity in the PGG

In contrast to HS, we confirmed the absence of loss sensitiv-
ity on SZ’s behavior by testing whether they made any
changes in their decisions depending on the result of the pre-
vious trial. In particular, we observed a significant positive
correlation between the symptom severity (ie, PANSS
scores) of the SZ and the average total earnings. On average,
patientswith higher PANSS scoresearned greater monetary
rewards. Interestingly, these correlations were observed
only in conditions I and III, both of which require loss sen-
sitivity to process the circumstances to maximize one’s
profit. Because condition II involves no risk of losing, the
success/failure result does not affect the participants’
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decision in the following trial. In the conditions in which sig-
nificant correlations were found, patients who earned more
also had more severe symptoms. It could be inferred from
these results that severely impaired patients mutually coop-
erated due to reduced sensitivity of loss.

Previous studies have shown loss sensitivity findings that
are consistent with the current study.!®!? The current study
provided a risky paradigm that requires intact sensitivity of
loss and risk to avoid possible wasting of resources (ie, en-
dowment) and to maximize one’s own profit. In general,
emotional or social malfunctioning (eg, omitted loss aver-
sion) has a high correlation with the PANSS-N score,*
whereas no significant correlation between PANSS-N
and performance was found in the current study. Instead
of a correlation with PANSS-N, we found a significant cor-
relation between monetary earning performance and the
PANSS-P score, which generally reveals the severity of hal-
lucination and delusion. Previously, Suhara et al* found
a significant negative correlation between PANSS-P and
dopamine D2 receptor bindingin the anterior cingulate cor-
tex (ACC). In other words, SZ with a high PANSS-P score
have defective ACC activation. We speculate that SZ with
a high PANSS-P might not be able to process the conflict
between the given alternatives,™® which is consequently
revealed as a weak ability to estimate the risk of loss.

We cannot ignore that there is also some evidence that
SZ have intact loss sensitivity. Patients have shown an
intact ability to avoid the negative rewards (loss)*>> and
their neural response to unexpected loss has been demon-
strated as intact.®® These previous studies appear to
contradict the results in the current study. However,
the PGG in the current study required rapid trial-by-trial
learning, not gradual learning, which refers to a different
aspect of ““sensitivity.”” Thus, in the point of view of mea-
suring the ability on rapid feedback-driven learning, the
behavioral pattern that we observed from SZ in this study
is consistent with the results from previous studies.*>*’

TOM in the PGG

TOM has been established to be a fundamental ability for
social decision making.*® *° In the current study, we were
able to see the HSs using TOM during the PGG. However
in SZ, we failed to observe TOM during game performance.
Not only in condition III, during which the HS exhibited
consideration of TOM, but also in conditions I and II,
the SZ did not seem to be affected by the preceding rounds
(figure S3in online supplementary material). [tcould be that
the patients’ impaired loss sensitivity, not their defective
TOM, might have induced the behavior in condition III.
However, we must note that if the SZ had intact TOM func-
tioning during the game, their free-riding rates would have
increased through iterations, as we observed in the HS in the
pay-back guaranteed condition (ie, condition II) indepen-
dent to presence of the loss sensitivity. Thus, one can infer
that the SZ showed unexpected behavior not only due to
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reduced loss sensitivity but also as a consequence of
TOM malfunction. This result agrees with previous studies
suggesting that psychiatric patients with schizophrenia
show poor social abilities due to TOM dysfunction.> ®

To the best of our knowledge, this study is the first to in-
vestigate free-riding and cooperative behaviors in
psychiatric patients and to show that the 3 condition,
iterative binary PGG is useful for assessing social deci-
sion-making impairments in psychiatric diseases such as
schizophrenia, although there are several limitations (see
online supplementary material). Nonstrategic and unex-
pectedly low free riding in the SZ likely arise from poor in-
tegration of cognitive and affective information. Future
studies should further investigate the dynamic interaction
and integration of cognitive and affective origins, such as
profitmaximizing, TOM, and loss/risk aversion, thatunder-
lie complex social decision-making skills. Neuroimaging
studies using functional magnetic resonance imaging or
electroencephalogram could determine brain regions corre-
lated with enhanced or inhibited motivations and provide
more clues to understand the brain mechanisms of patients
with schizophrenia and autism who suffer from poor social
decision making.

Supplementary Material

Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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