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Psychotic illness is a disorder of social interaction unique to humans. However, up to now research has failed to pin down the

exact determinants of the complex and interactive processes associated with the development of trust and reciprocity in

psychosis. Utilizing a novel multi-round version of an interactive trust game experiment, we show that patients with psychosis

and healthy relatives with a heightened risk for the illness exhibit lower baseline levels of trust compared with healthy controls.

This effect partly overlapped with a reduced general intelligence. Furthermore, patients were unable to modify their trusting

behaviour neither in response to information about the general trustworthiness of their interaction partner, nor in response to

their partners’ specific direct behavioural feedback. Relatives, in contrast, modified their trusting behaviour towards similar

levels as healthy subjects in response to both. The results show that behavioural flexibility in response to socially relevant

information is a critical determinant of success in the instantiation and maintenance of social relationships. A lack thereof may

drive social dysfunction and the progression from subclinical symptoms to a full-blown psychosis. This offers a testable

mechanistic hypothesis for progression from prodrome to psychotic illness, and may provide a therapeutic avenue to grapple

the psychotic symptoms of social dysfunction.
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Introduction
Psychosis is marked by severe impairments in social functioning.

This is evident in its core symptoms, such as social withdrawal or

paranoid delusions, which are characterized by hostility and fun-

damental impairment of trust in others. Trust and reciprocity are

essential components of mutually beneficial human interactions.

They critically influence competitive and cooperative behaviour
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and are vital for an individual’s successful functioning in a complex

social environment. Despite its importance, research has failed to

incorporate the interactive character of the social cognitive impair-

ment in psychosis into its experimental paradigms. Most studies

employed ‘off-line’ measures, such as questions about stories or

cartoons with mental characters (Adolphs, 2006). While these

approaches have yielded valuable insights into deficits of emotion

recognition and mentalizing, they cannot capture the dynamic de-

velopment of trust and trustworthiness in actual social interactions.

Trust previously appeared too complex to probe experimentally.

Recently, the development of neuroeconomics and the adaptation

of experimental economics and game theoretical approaches

(Camerer, 2003) have shown that complex social interactions

can be operationalized in economic exchange games (Rilling

et al., 2002; King-Casas et al., 2005).

Such games usually depict situations where mutually beneficial

trust and trustworthiness between two people can be undermined

by a conflict of interest. The classical trust game introduced by

Berg et al. (1995) has been shown to be a good direct behavioural

measure of trust and trustworthiness (Glaeser et al., 2000; Karlan,

2005; King-Casas et al., 2005, 2008; Kosfeld et al., 2005; Fehr,

2009; Houser et al., 2010). It involves the interaction of two an-

onymous persons, an investor and a trustee and comprises the

investment and reciprocation of money between the two.

Various outcomes are possible, depending on whether the players

are trusting and trustworthy, respectively. Mutually beneficial out-

comes occur when the investor trusts and the trustee behaves

trustworthy. However, trusting is risky because the trustee can

achieve the highest earnings when reciprocating untrustworthy

(i.e. keeping most or all of the received money). For healthy in-

dividuals, it has been shown that investor trust is strongly rein-

forced by trustworthiness of the partner (King-Casas et al., 2005,

2008). In addition, healthy individuals base their behaviour on

pre-established perceptions, such as the belief that the partner

has a good moral character (Delgado et al., 2005). These results

make it especially interesting to study psychosis with the trust

game, because there is evidence that the integration of new ex-

periences and information into prior belief systems and decision-

making goes awry in affected patients. First, deficits in the ability

to integrate new evidence and contextual information into

pre-established belief systems have been observed (Cohen et al.,

1996; Mortiz and Woodward, 2006; Woodward et al., 2008;

Veckenstedt et al., 2011). Secondly, patients with psychosis ex-

hibit difficulties using reward and feedback learning to guide de-

cision-making in various settings (Waltz and Gold, 2007; Fletcher

and Frith, 2009). An aberrant sensitivity to the rewarding value of

social interactions and a reduced sensitivity to significant context-

ual information may underlie social dysfunction and the inability to

correct negative beliefs about others on the basis of contradictory

information.

There is now ample evidence that the mechanisms that are

associated with symptoms of psychosis also operate in individuals

at lower levels of a hypothesized psychosis continuum, as for ex-

ample, healthy first-degree relatives of affected patients. A lack of

trust may clinically manifest itself as paranoid delusions and social

withdrawal, but at the subclinical level as suspiciousness, feelings

of ill will or resentment (Fenigstein and Vanable, 1992; Langdon

and Coltheart, 1999; Peters et al., 1999; Johns and van Os, 2001;

Krabbendam et al., 2004; Dael et al., 2005). Epidemiological stu-

dies have shown that subclinical psychotic experiences are much

more frequent among the general population (i.e. up to 15%)

than the rates of clinical psychotic disorder (i.e. �1%; Janssen

et al., 2003; Krabbendam et al., 2004; Versmissen et al., 2008).

Investigating the subclinical phenotype is conceptually important

because it will help to elucidate mechanisms of transition over the

psychosis continuum, but also methodologically important, as it

permits the investigation of cognitive processes without the con-

founding effects of antipsychotic medication. If transitory psych-

otic experiences are widely present in the general population, the

question of which factors protect against the transition to clinical

status becomes crucially important (Krabbendam et al., 2005).

Based on cognitive models of psychosis and previous research

on cognitive biases and belief flexibility (Hemsley, 1993; Cohen

et al., 1996; Mortiz and Woodward, 2006; Woodward et al.,

2008; Veckenstedt et al., 2011), we hypothesize that the evolu-

tion from subclinical psychotic symptoms to clinical psychosis

might be associated with a failure in the utilization of bottom–

up (i.e. feedback learning) or top–down reasoning (i.e. integration

of a priori information).

Materials and methods

Participants
The experimental group consisted of 29 patients with diagnoses within

the Diagnostic and Statistical Manual cluster schizophrenia or other

psychotic disorders (16 schizophrenia, 4 schizoaffective disorder, 1

schizophreniform disorder, 5 undifferentiated type and 3 psychotic

disorder not otherwise specified) according to the research diagnostic

criteria (Spitzer, 1978), 24 healthy first-degree relatives of patients

with non-affective psychosis (13 siblings, 2 offspring and 9 parents)

and 35 healthy controls from the general population without a per-

sonal or family history of psychosis. Additionally, 176 students parti-

cipated as trustees in the trust game. Patients were recruited from the

assertive community treatment teams, outpatient clinics of the catch-

ment area or patient associations. Relatives were sampled through

participating patients or associations for relatives of patients. Control

subjects were recruited through adverts in the local area. Students

were recruited via adverts within the university. The study was

approved by the Medical Ethics Committee of the University Medical

Centre Maastricht.

The inclusion criteria for all participants were: (i) ability to give in-

formed consent; (ii) age between 18 and 60 years; (iii) sufficient com-

mand of the Dutch language; (iv) having an IQ4 80; (v) no lifetime

history of psychosis for controls and first-degree relatives; and (vi) no

family history of psychosis for healthy controls. Participants were

excluded if they had: (i) a diagnosis of current drug or alcohol de-

pendence; (ii) brain disease or damage; or if they (iii) used psycho-

tropic medication (except patients).

Measures
Patients’ diagnoses were confirmed with the Comprehensive

Assessment of Symptoms and History (Andreasen et al., 1992). A

more detailed assessment of their symptoms included the Positive
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and Negative Syndrome Scale (PANSS; Kay et al., 1987). The PANSS is

based on findings that schizophrenia comprises at least two distinct

syndromes. The positive syndrome consists of productive symptoms,

such as paranoid delusions and hallucinations, while the negative syn-

drome consists of deficit features, such as emotional withdrawal or

blunted affect. Subclinical psychotic symptoms were assessed with

the Community Assessment of Psychic Experiences (Stefanis et al.,

2002). The Green Paranoid Thought Scale (Green et al., 2008) was

used for a further specification of psychotic symptoms. The exclusion

criterion substance dependence was confirmed with the Composite

International Diagnostic Interview (Robins et al., 1989). The vocabu-

lary subtest of the Wechsler Adult Intelligence Scale III (Wechsler,

1997) was used as indicator of general cognitive ability. Patients

were also interviewed about demographic information.

The trust game
We experimentally investigated trusting behaviour in patients, first-

degree relatives and a healthy control group by means of a modified

version of a multi-round trust game (Berg et al., 1995; King-Casas

et al., 2005, 2008). Participants in the experimental groups were in-

vestors throughout the game. The role of trustees was taken on by

students (see ‘Material and Methods’ section). At the beginning of

each round of the trust game, both the investor and the trustee

received E10 to ensure that investors did not make their initial invest-

ment choice to avoid inequality. Investors were then asked to transfer

any (integer) amount between E0 and E10 to the anonymous trustee.

The transferred amount was tripled by the experimenter. After having

received that amount, the trustee decided whether to honour the

investor’s trust and send all or some of the received money back or

behave untrustworthy and keep all or most of the received money.

In order to examine whether social dysfunction is driven by aberrant

bottom–up feedback learning or top–down processing of socially rele-

vant information, we implemented three conditions. First, the ‘baseline

condition’ (five rounds) was used to get an unbiased estimate of basic

trust. Therefore, the investor was not informed about how much the

trustee reciprocated in a round and feedback about the reciprocated

amounts was given only at the end of the whole experiment. The

investors were aware of this when making their decisions. Second,

the ‘context condition’ (five rounds) was used to investigate the

effects of a priori information about the partners’ trustworthiness.

The investor was matched with a new trustee and, before making

the investments, shown truthful information about this trustees’ trust-

worthiness during the baseline condition. Specifically, the investor was

informed whether the trustee, on an average, returned less, as much

as, or more than the amount invested by the investor. To ensure no

confounds in the investigation of the contextual effect, the investor

received no feedback about the trustees’ actual trustworthiness in the

current condition. Third, the ‘feedback condition’ (10 rounds) was

used to obtain a measure of the effect of bottom–up feedback learn-

ing on prior beliefs and the development of trust and reciprocity in

consecutive interactions. In this condition, the investor received direct

feedback about the amount of money that was reciprocated by the

trustee in response to each investment. Investors interacted with the

same trustee within each condition, but with different trustees across

the three conditions to minimize carry-over effects from one condition

to another. The same set of trustees played with two different invest-

ors in the baseline and context condition, because the lack of feedback

in the former precluded carry-over effects between the conditions. As

information about the average trustworthiness in the baseline condi-

tion was given in the context condition, all investors were paired up

with a new trustee in the feedback condition. All participants were

informed about this before making their decisions in the respective

condition.

Specifically, we hypothesized that psychosis risk would be associated

with a loss of basic trust, a diminished sensitivity to contextual infor-

mation and an inability to engage in trusting interactions. This would

be reflected in smaller invested amounts in the baseline condition, a

reduced effect of information about the counterparts’ trustworthiness

on investment behaviour and reduced reciprocal trust in response to

observed trustworthy behaviour by the partner in the feedback

condition.

Procedure
Participants read the information material and gave written informed

consent during a first testing session that comprised a brief interview

about demographic information, the Comprehensive Assessment of

Symptoms and History, the PANSS, the Composite International

Diagnostic Interview, the Green Paranoid Thought Scale and the

Wechsler Adult Intelligence Scale subtest. The trust game was compu-

terized in z-Tree (Fischbacher, 2007) and conducted in the Behavioural

and Experimental Economics laboratory of the Department of

Economics at Maastricht University in a second session. The lab was

equipped with cabinets that prevented participants from seeing or

communicating with each other in order to circumvent unwanted ef-

fects of confounding factors, such as age, gender, race or patient

status on the trust game behaviour of both players. Computers in

each cabinet were connected to a network, and participants were

paired up anonymously. Experiment instructions for investors and

trustees were presented in the cabinets (see Supplementary

Material). The instructions were identical, except that investors were

told that they would be taking on role A throughout the game, while

trustees were informed that they would take on role B throughout the

game. To make sure that all participants understood the rules of the

experiment correctly, they had to complete a comprehension question-

naire with calculations and questions before the start of the experi-

ment (see Supplementary Material). The earnings depended on the

decisions made. In the baseline and context condition, no feedback

about earnings was given. In the feedback condition, participants’ per-

sonal earnings from each investment round were displayed on the

computer screen once a game round was completed. At the end of

the experiment, the money earned in each of the 20 investment

rounds (including baseline and context condition) was shown to the

participants. The earnings from one randomly chosen round were ac-

tually paid out to each participant. All participants were informed of

the payout procedure before they made their decisions. The average

earnings were E13.19 for investors and E9.09 for trustees. Investors

additionally received vouchers worth E37.50 for attending the first

testing session and the experiment. Trustees had fewer expenses in

terms of time and were compensated with a E10 show-up fee.

Data analysis
The analysis was conducted in STATA 11.0 (Statacorp, 2009).

Investments in the baseline and context condition were skewed to

the left (i.e. the mass of the investments was at the higher end of

the possible investments) and transformed into a three-level variable

(tertile based) for normalization. This transformation was based on the

points that divided the ordered distribution into three parts, each con-

taining one-third of the population. Despite clear hypotheses about

the directionality of the effects, we chose to conduct conservative

two-tailed statistical testing to allow for the possibility of a relationship

in both directions.
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Analyses of the baseline and
context condition
Multilevel random regression analyses were used to investigate differ-

ences in trusting behaviour across groups and conditions, while con-

trolling for multiple observations [investments (Level 1); within subjects

(Level 2)]. In the context condition, only cooperative context was

analysed because in 81% of the cases the trustees reciprocated aver-

age amounts that were equal to or higher than the average invest-

ments of the baseline condition. The effect of context information on

the amount of mean investments (tertile based) in comparison to the

baseline condition was analysed by means of multilevel random re-

gression analyses within each participant group. Age and gender were

included in all analyses as a priori confounders. Associations with

symptoms were analysed using the PANSS-positive and negative

symptom score within patients, and the respective dimensions on

the Community Assessment of Psychic Experiences within relatives

and controls.

Analyses of the feedback condition
For the analysis of the interactions in the feedback condition, we clas-

sified each decision made by the investor in each round as being in

one of the following four categories: (i) trust honouring: the trustee

did not decrease the repaid amount from two rounds ago to the

preceding round and, in response, the investor did not decrease the

investment from the preceding to the current round; (ii) trust repairing:

the trustee did decrease the reciprocated amount from two rounds ago

to the preceding round and the investor, nevertheless, did not de-

crease the investment from the preceding to the current round; (iii)

trust disrupting: the trustee did not decrease the reciprocated amount

from two rounds ago to the preceding round but the investor, never-

theless, did decrease the investment from the preceding to the current

round; and (iv) distrust reciprocating: the trustee did decrease the

reciprocated amount from two rounds ago to the preceding round

and, in response, the investor did decrease the investment from the

preceding to the current round. Table 1 summarizes these behavioural

categories. Multiple regression analyses were used to investigate group

differences in the probabilities of engaging in the four different trust-

ing behaviours. Age and gender were included in all analyses as a

priori confounders. Group differences in the frequency distributions

of the four different trusting behaviours (trust honouring, trust repair-

ing, trust disrupting and distrust reciprocating) were calculated with

chi-square tests.

Depending on the statistical test that has been used, effect sizes are

expressed as the regression coefficient b and the 95% confidence

interval.

Results
The three groups did not differ in age and estimated IQ. There

were significant gender differences. The group of relatives

included a lower percentage of males than the patient group

[�2(1) = 6.47, P5 0.01], but healthy controls did not significantly

differ from patients or relatives [�2(1) = 3.08, P = 0.08 and

�2(1) = 0.96, P = 0.32, respectively, Table 2]. Relatives and con-

trols did not differ in the level of reported psychopathology, as

indicated by the PANSS, the Community Assessment of Psychic

Experiences and the Green Paranoid Thought Scale. Sample char-

acteristics and demographic data are displayed in Table 2.

Table 3 shows means and standard deviations (SD) of the in-

vestments in Euro for the original and transformed (three-level,

tertile based) data by experimental group and condition (see

‘Material and methods’ section).

Baseline and context condition
The descriptive statistics in Table 3 suggest higher baseline trust of

controls (mean = 6.69) in comparison to relatives and patients

(mean = 5.61 and 5.63, respectively). This impression was corro-

borated by multilevel random regression analyses comparing base-

line trust pairwise between the three groups (Table 4). Patients

invested significantly less than controls (� = �0.32, P50.05) and

the investments of relatives were marginally significantly smaller

than those of controls (� = �0.28, P = 0.10). Investments of rela-

tives were similar to those of patients and did not differ signifi-

cantly (� = �0.04, P = 0.86). The difference between patients and

controls was reduced to marginal significance when IQ was added

to the model as a covariate (� = �0.26, P = 0.10). None of the

other effects changed. Investments in the context condition show

an interesting change in pattern. Prior positive information on the

trustees’ trustworthiness significantly increased investments of

both controls (mean = 7.73, � = 0.13, P5 0.05) and relatives

(mean = 6.97, � = 0.19, P50.05), but had no effect on patients’

investments (mean = 5.64, � = 0.07, P = 0.37; Tables 3 and 4). In

line with our hypotheses, the findings support that psychosis risk is

associated with reduced baseline trust. Importantly, however, only

clinical psychosis was associated with a diminished sensitivity to

contextual information.

Across the baseline and context condition, positive psychotic

symptoms (see ‘Material and methods’ section) were associated

with lower investments in patients with marginal significance

(� = �0.35, P = 0.09), but negative symptoms were not

(� = 0.03, P = 0.89). Similarly, in relatives subclinical positive

symptoms were associated with lower investments with marginal

significance (� = �2.2, P = 0.06), while subclinical negative symp-

toms were not (� = 0.12, P = 0.74). Within controls, no association

was present between subclinical positive symptoms and invest-

ments (� = �0.40, P = 0.46). However, a significant association

Table 1 Contingency table of the behavioural categories in
the feedback condition

Trustee

Investor �T(t)5 0 �T(t)5 0

�I(t)5 0 Trust honouring Trust repairing

�I(t)5 0 Trust disrupting Distrust reciprocating

An investment in round t was defined as I(t). The amount the trustee returned in
round t was defined as T(t). For investors, the change in investments from t to
t � 1 was defined as �I(t) = I(t) � I(t � 1). Similarly, the change in the recipro-
cated amount relative to the received amount by the trustee in the preceding

rounds, from t � 1 to t � 2 was defined as �T(t) = T(t � 1)/(I(t � 1) � 3) � T

(t � 2)/(I(t � 2) � 3). The matrix is assumed to be stationary (i.e. probabilities of
contingent behaviours do not change over time). The underlying assumption is a
Markov decision process, where the probability with which the investor executes a
specific behaviour is contingent on the behaviour of the trustee in the preceding
rounds (Sutton and Barto, 1998).

Social interaction in psychosis Brain 2012: 135; 976–984 | 979

 at V
rijeU

niversiteit, L
ibrary on A

pril 10, 2012
http://brain.oxfordjournals.org/

D
ow

nloaded from
 

http://brain.oxfordjournals.org/


was present with negative subclinical symptoms (� = 0.66,

P = 0.02; Table 4).

Feedback condition
During the feedback condition, investors were given immediate

information about the extent of the trustees’ trustworthiness at

the end of each round. For each investor, we calculated an esti-

mate of the conditional probability of engaging in the four differ-

ent trusting behaviours (Table 1 and Fig. 1). The distributions of

the frequencies of these four behavioural contingencies differed

between the experimental groups [�2(6) = 17.37, P5 0.01].

Across the four categories, patients showed a differential invest-

ment behaviour than controls [�2(6) = 16.17, P50.01]. Relatives’

behaviour was intermediate to controls and patients, although not

significantly different from controls [�2(6) = 4.80, P = 0.19] or pa-

tients [�2(6) = 3.76, P = 0.29]. Figure 1 suggests that in contrast to

healthy controls and relatives, patients engage less often in trust

honouring behaviour.

Multiple regression analyses by category showed that patients

honoured trust less frequently compared with controls (� = �0.18,

P50.05). The differences between patients and relatives and

relatives and controls were not significant (� = �0.09, P = 0.28

and � = �0.09, P = 0.35, respectively). The effects did not

change when IQ was added to the regression model as a covari-

ate. No significant differences were found for any of the other

behavioural categories (all P40.11). These findings support our

hypothesis that clinical psychosis is associated with a reduced abil-

ity in the utilization of bottom–up reasoning through feedback

learning of positive social interactions.

Discussion
In this study, we investigated trust and reciprocity in an incenti-

vized multi-round trust game of 20 consecutive real time social

interactions. This method delivers a novel, objective behavioural

measure of the dynamics of social interactions and the subjective

experience of (dis)trust. The findings in the ‘baseline’ and ‘context

condition’ provided support for our hypotheses and are in line

with the real world social functioning deficits that are frequently

seen in patients with schizophrenia (Mathews and Barch, 2010).

The results revealed lower basic trust in patients and first-degree

relatives compared with healthy controls, suggestive of a familial

substrate.

Positive information on the trustees’ trustworthiness had

no effect on the patients’ degree of trust. In contrast, controls

and relatives made significantly higher investments when being

informed that they interacted with a trustworthy counterpart.

When receiving direct behavioural feedback on the partners’

trustworthiness patients were insufficiently able to modify their

trusting behaviour in response. They honoured trustworthiness

of their interaction partner less often than controls. As shown

by the increase of mean investments from baseline, relatives mod-

ified their trusting behaviour towards the level of controls when

they were provided with direct behavioural feedback. In addition,

they showed an intermediate probability of trust honouring

behaviour.

Table 2 Participant characteristics

Variable Group Test statistic

Controls, n = 35 Relatives, n = 24 Patients, n = 29
Mean (SD) Mean (SD) Mean (SD)

Age 41.3 (12.4) 42.3 (11.6) 39.7 (8.41) b = �0.74 (�3.51 to 2.02)

Male gender (%) 43a,†,b 21b,** 55a �2(2) = 6.49; P = 0.04

Wechsler Adult Intelligence Scale vocabulary 13.51a (2.85) 13.21a,b (2.60) 12.31a,†,b (3.04) b = �0.59 (�1.30 to 0.11)

Green Paranoid Thought Scale 34.74a (12.06) 30.66a (7.31) 45.83b (21.64) b = 5.29 (1.35–9.23)

Cape positive 0.22a (0.2) 0.12a (0.10) 0.76b,** (0.48) b = 0.26 (0.17–0.35)

Cape negative 0.64a (0.35) 0.53a (0.34) 1.15b,** (0.44) b = 0.24 (0.14–0.35)

PANSS sum positive 7.08a (0.37) 7.13a (0.34) 11.48b,** (3.63) b = 2.14 (1.57–2.71)

PANSS sum negative 7.46a (1.56) 7.42a (0.97) 9.79b,** (3.69) b = 1.13 (0.53–1.74)

Different superscripts (i.e. a, b versus a, a) indicate group differences that are significant at †P50.10; **P5 0.01; 95% CI = 95% confidence interval for regression
coefficient b.
Values are given as b unless otherwise specified.

Table 3 Means and standard deviations of the
untransformed and transformed investments by
experimental group and condition

Condition Control Relative Patient
n = 35 n = 24 n = 29
Mean (SD) Mean (SD) Mean (SD)

Baseline

Transformed 1.23 (0.81) 0.93 (0.87) 0.92 (0.80)

Euro 6.69 (3.22) 5.61 (3.29) 5.63 (2.87)

Cooperative context

Transformed 1.38 (0.72) 1.18 (0.81) 0.87 (0.76)

Euro 7.73 (2.70) 6.97 (3.08) 5.64 (3.10)

Feedback

Transformed 1.17 (0.83) 1.11 (0.78) 0.89 (0.76)

Euro 6.87 (3.50) 6.81 (3.16) 5.95 (3.35)

Original investments are in Euro. Transformed investments are based on a
three-level variable that has been derived from the tertile split of the investments
in Euro.
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Interestingly, patients’ responses were marginally significantly

associated with their level of subjective positive psychotic symp-

toms, rather than negative symptoms. A similar pattern was pre-

sent in relatives; their subclinical positive symptoms were

associated with lower investments but their subclinical nega-

tive symptoms were not. For the control group, no association

was present between subclinical positive symptoms and invest-

ments. However, their subclinical negative symptoms were asso-

ciated with the investments, indicating a fundamentally different

relationship between these characteristics and investments in the

general population, as compared to those with a liability for

psychosis.

Our findings suggest that deficits in social functioning may

partly be explained within a framework of social information pro-

cessing (Hemsley, 1993). To initiate social interactions that maxi-

mize mutual individual gains, investor and trustee must induce

trust and trustworthiness by investing high amounts and by reci-

procating trustworthy in a repeated manner. The maintenance and

repair of such a cooperative climate during the course of the

interactions requires subjects to understand social gestures and

their consequences (i.e. mentalizing) and to act upon the signals

by adapting their responses accordingly. Patients did not only

make the lowest investments over all three conditions, they also

were the least successful in adapting their decisions to their part-

ners’ trustworthy behaviour. Research in healthy subjects sug-

gested that the amount of trial-by-trial learning can be altered

by prior information about the moral character of the interaction

partner (Delgado et al., 2005). Deficits in the usage of contextual

information (Servan-Schreiber et al., 1996; Stratta et al., 1998),

impaired top–down processing (Silverstein et al., 2006) and an

impaired ability in the integration of new evidence have previously

been reported in patients with schizophrenia (Mortiz and

Woodward, 2006; Woodward et al., 2008; Veckenstedt et al.,

2011) and recent research suggested that patients had an inflex-

ible decision-making style (Veckenstedt et al., 2011). In line with

this research, patients’ failure to adapt their investment decisions

to the positive contextual information about their interaction part-

ner in our study can be explained by impaired top–down process-

ing and inflexible a priori beliefs about the malevolent nature of

other humans. Our results indicate that deficits in trust may thus

be maintained by a failure to extinguish negative beliefs about

others. In relatives, unimpaired top–down contextualizing ability

may act as a protective mechanism that counteracts the transition

from subclinical psychotic experiences to clinical symptoms. Within

their interactions, patients tended to behave less positive towards

the partner. Specifically, they honoured trustworthiness less than

relatives and controls. Patients’ failure to utilize direct behavioural

feedback of their partner to guide predictive coding as sensitive as

relatives and controls suggests that their social interactions are also

disturbed by aberrant outcome based bottom–up processing of

social cues.

The first question here is whether these differences in trust

game behaviour are due to general cognitive decline in patients.

In our study, general intelligence slightly reduced the group dif-

ference between patients and controls in the baseline condition, so

that it became marginally significant. This does not necessarily

imply that cognitive abnormalities cannot be causally implicated

in the development of psychosis, but rather suggests that social

cognitive impairment, such as apparent in the trust game, overlaps

Table 4 Group differences of the investments in the baseline and context condition and the associations between mean
investments across the conditions with symptoms and context effects by group

Controls versus patients Controls versus relatives Relatives versus patients
b (95%CI) b (95%CI) b (95%CI)

Baseline investment �0.32* (�0.73 to �0.1) �0.28† (�0.71 to 0.16) �0.04 (�0.51 to 0.42)

Context investment �0.52** (�0.88 to �0.17) �0.17 (�0.53 to 0.19) �0.35† (�0.75 to 0.04)

Control Relative Patient

Mean investments—positive symptoms �0.40 (�1.45 to 0.65) �2.2† (�4.42 to 0.09) �0.35† (�0.76 to 0.05)

Mean Investments—negative symptoms 0.66* (0.11–1.21) 0.12 (�0.61 to 0.86) 0.03 (�0.40 to 0.45)

Context effect 0.13* (0.01–0.25) 0.20* (0.01–0.39) 0.07 (�0.08 to 0.22)

†P5 0.10; *P5 0.05; **P50.01; 95% CI = 95% confidence interval for the regression coefficient b.
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Figure 1 Behavioural contingencies within the feedback con-

dition. Distributions of the conditional probabilities of engaging

in the four different trusting behaviours by group. Error bars

represent SEs.
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to some extent with general cognitive impairment in the associ-

ation with psychosis. This is in line with previous research showing

that although overlapping, social and neurocognitive functioning

may still be regarded as, at least partly, independent factors

(Van Hooren et al., 2008).

The other question is whether the deficit in the lack of ‘normal’

responsiveness to new evidence is distinct from deficits in learning

and reasoning evident in non-social cognition or whether it is the

same core deficit but now demonstrated in an active social inter-

action. First, the underlying mechanisms of the trust game are

different from those seen in pure associative learning/probabilistic

reasoning tasks, such as the beads task, because in the trust game

feedback by the trustee is dependent on investor behaviour. For

example, a lower baseline trust sets off less cooperative inter-

actions. Therefore, the current results do not only reflect insensi-

tivity to feedback but also an impaired ability to initiate mutually

trusting relationships. Accordingly, social interactions in the trust

game are associated with the ability to represent the intentions

and goals of others (Sripada et al., 2009). Research has also

shown that this social learning can be differentiated from non-

social learning through modulation using the ‘social’ neuropeptide

oxytocin. Oxytocin enhanced the effects of social learning, while

not affecting learning in a non-social risk game (Baumgartner

et al., 2008).

To the extent that behaviour in the trust game is influenced by

deficits in feedback learning, it is important to note that these are

dependent on the type of stimuli used. For example, data from a

study of probabilistic learning and inference in schizophrenia using

a stochastic sequence learning and the beads task (Averbeck et al.,

2011) suggests that patients demonstrate decreased performance

during the learning task; however, they were able to use feedback

to change behaviour—but more slowly than healthy subjects. In a

similar vein, previous work looking at a stochastic reward learning

task (Evans et al., 2011) found that patients with schizophrenia

were able to use feedback to improve their performance, evident

in significantly above chance performance. In summary, the trust

game is associated with specific social mechanisms that are not

evident during non-social tasks. Furthermore, the lack of ‘normal’

responsiveness to feedback is not a consistent finding throughout

non-social conditions, and when it is evident, it varies depending

on the nature of the stimuli. This suggests that the deficits evident

in our study presented here are not driven by a non-specific

non-social core deficit, but are specific to the social interaction

in this study.

A question that can be raised is whether the patients’ failure to

adjust their trusting behaviour to their interaction partner may

ground in alterations in brain functioning, which are associated

with psychotic illness. Neuroimaging studies in healthy populations

have showed associations between trust game performance and

the activation in brain areas that have been related to reward

learning and the ability to adapt behaviour to changing circum-

stances (Rolls, 2000; Rahman et al., 2001; Rilling et al., 2002;

King-Casas et al., 2005, 2008; Sanfey, 2007; Phan et al., 2010).

A deregulation of dopamine, the main neurotransmitter in these

processes, is thought to play a key role in the pathophysiology of

psychosis by altering reward learning mechanisms (Carlsson, 1988;

Berridge and Robinson, 1998; Kapur et al., 2005; Smith et al.,

2006). Possibly, the observed association between positive symp-

toms and reduced contextual sensitivity is due to aberrant social

reward learning, i.e. insensitivity to the motivational aspects of

social cues. As a consequence, the ability to make predictions of

the partners’ behaviour and the translation of these predictions

into optimal decisions could be impaired and may give rise to

the formation and instantiation of psychotic symptoms. Future

neuroimaging studies may help to identify the neural basis of

these processes.

Our paradigm allowed for an investigation of trust in consecu-

tive real time interactions. It enabled us to investigate the effects

of contextual information and direct behavioural feedback of the

interaction partner, while isolating other contextual factors that

could have influenced decision-making (e.g. gender, nationality

or verbal ability). It has proven useful as a means to investigate

social interaction in patients and healthy individuals and can aid

the understanding of the association between social cognitive im-

pairment and social dysfunction and, possibly, psychotic symp-

toms. As a direct behavioural measure, the trust game has clear

advantages over self-report and it also allows for manipulations of

‘online’ social behaviour. It offers a more objective way to assess

social interactions and the subjective experience of distrust and is

sensitive enough to pick up plain behavioural signs independent of

frequently impaired verbalizing abilities. Being more objective than

self-report, the trust game results also do not suffer the potential

confounds of under-reporting of patients and family members that

may be caused by pressure to act normal.

This first of a kind investigation linked psychosis liability to im-

pairments in trust by establishing different behavioural patterns

among patients, relatives and healthy controls. We see this as a

first necessary step to explore the underlying mechanisms of (dis)-

trusting behaviour and social malfunctioning in these groups.

In line with earlier research, our findings indicate an underlying

familial substrate of disturbed trusting behaviour (Cesarini

et al., 2008). Yet, psychotic illness is also associated with negative

social experiences, which may further reinforce distrusting behav-

iour. To clarify the role of trust and reciprocity in the onset and

maintenance of specific symptoms, it is important to examine

whether these behavioural alterations are present at illness onset

or whether they are associated with a prolonged illness duration

and symptom fluctuation.

In conclusion, healthy social interactions and partnership build-

ing are characterized by behavioural flexibility in response to

socially relevant cues. Crucially, a lack of flexibility differentiated

patients with psychosis from those at risk of the illness. While

lower levels of trust were initially present in those at risk, they

showed a comparable sensitivity to contextual information and

direct behavioural feedback as controls. Hence, behavioural

flexibility in response to social cues does not only determine

the success of social interactions in healthy people but also

in those with subclinical psychotic experiences. These results

strongly suggest that behavioural flexibility may act protectively

against the transition from a subclinical into a clinical state.

A lack thereof could underlie social dysfunction in patients and

may also contribute to the instantiation and maintenance of posi-

tive symptoms. This offers a testable mechanistic hypothesis for

progression from prodrome to psychotic illness, and may provide a
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therapeutic avenue to grapple the psychotic symptoms of social

dysfunction.
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