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Navigating our complex social world is not an easy task. Perhaps you struggle to ask 

for directions, make small talk or have difficulties responding appropriately to other 

peoples’ social cues. All of us have experienced some form of social awkwardness, 

however, mostly you overcome this discomfort and are able to make sense of the social 

world around you. We are able to learn to successfully integrate social information and 

adequately engage in interpersonal interactions. However, for many patients with a 

disorder in the schizophrenia spectrum, their difficulties in navigating the social world 

go beyond an awkward social encounter once in a while. For them, reading and 

adjusting behaviour to social cues of others does not come naturally. Gaining more 

insight in social interactions and the underlying mechanisms can help understand the 

mechanisms of social dysfunction in patients’ daily-lives. Therefore, the overall aim of 

this dissertation was to investigate social interactions and (social) reward learning, their 

neural underlying mechanisms, the role of the familial risk and whether social 

functioning and symptoms can be improved by means of an ecological momentary 

intervention. 

 

Epidemiology & Phenomenology 

Schizophrenia spectrum disorders, referring to schizophrenia, schizoaffective disorders 

and psychotic disorders not otherwise specified in this dissertation, are among the 

world’s most severe mental disorders, with schizophrenia ranked in the world’s top ten 

causes of long-term disability (World Health Organization, 1992). Within the spectrum, 

schizophrenia is generally considered to have the highest prevalence, with a lifetime 

prevalence rate between 0.4% and 0.9% (Perälä et al., 2007; Saha et al., 2005). 

Schizoaffective disorder has a prevalence rate of around 0.3% (Perälä et al., 2007). 

According to the fifth edition of the Diagnostic and Statistical Manual of Mental 

Disorders (DSM-5) (American Psychiatric Association, 2013) and the tenth edition of the 

International Statistical Classification of Diseases and Related Health Problems (ICD-10) 

(World Health Organization, 1992) schizophrenia spectrum disorders are defined as a 

group of classifications characterized by, among others, a set of positive and/or 

negative symptoms lasting for at least six months and including at least one month of 

active-phase symptoms. Schizophrenia spectrum disorders are characterised by severe 

distortions in recognising and comprehending reality; these are the positive symptoms. 

Core positive symptoms of the disorder are hallucinations, i.e. perception-like 

experiences that occur without an external stimulus, and delusions, i.e. idiosyncratic 
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fixed false beliefs or impressions. Disorganised symptoms, characterised by speech and 

behavioural distortions and disorganised thoughts, are grouped under positive 

symptoms as well. Negative symptoms refer to the absence of functions normally 

present in healthy individuals, such as a lack of motivation, social withdrawal and 

anhedonia. Next to these positive and negative symptoms, patients frequently present 

cognitive symptoms. (American Psychiatric Association, 2013). 

 

Social cognition & the schizophrenia spectrum 

Cognition is defined as the mental action or process of acquiring knowledge and 

understanding through thoughts, experiences and senses. Neurocognition describes 

various processes and domains in the brain, such as executive functioning, memory 

and attention (Heinrichs and Zakzanis, 1998). Social cognition encompasses cognitive 

processes that are related to interpersonal interactions and is defined as the ability to 

infer what other people are thinking and observe and interpret emotions of others (Frith 

and Frith, 2006a; Adolphs, 2001). Processes such as mentalizing and emotion 

perception are essential in the understanding of emotional and interpersonal cues. 

Mentalizing ability, or theory of mind (ToM), is necessary during social interactions, as 

it reflects the ability to infer the intentions, desires and beliefs of other people (Van 

Overwalle, 2009; Frith and Frith, 2006b). 

 Social characteristics are also reflected in the current diagnostic systems, 

although they do not hold any diagnostic specificity. According to the DSM-5, 

schizophrenia spectrum disorders have some important social functional 

consequences: it is associated with social and occupational dysfunction and many 

patients have few or limited social relationships. In addition, social cognitive deficits are 

marked as associated features that contribute to a diagnosis of schizophrenia. 

According to the ICD-10, a disorder in the schizophrenia spectrum is characterised by 

a significant and consistent change in the overall quality of some aspects of 

interpersonal behaviour, which may manifest as social withdrawal. 

 Extensive research has established that social cognitive impairments are 

common in schizophrenia spectrum disorders, showing, among others, reduced 

mentalising abilities and impaired emotion recognition and perception (Penn et al., 

2008; Green et al., 2015; Green and Leitman, 2008; Sprong et al., 2007b). Social cognitive 

impairments seen in schizophrenia have been associated with positive and negative 
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symptoms (Fett et al., 2011a) and it is hypothesized that social cognitive deficits 

contribute to the development and maintenance of symptoms in the schizophrenia 

spectrum (Garety et al., 2001). Moreover, social cognition has been related to functional 

outcome in the schizophrenia spectrum (Couture et al., 2006; Fett et al., 2011b), which 

points to an important role for social cognition in the schizophrenia spectrum. Research 

has not only provided evidence for social cognitive impairments in patients, studies 

show that social cognition may be related to the familial liability of the disorder. First-

degree relatives demonstrate reduced social cognitive abilities, e.g. mentalizing and 

emotional processing, compared to healthy controls, albeit to a lesser extent than 

patients (Lavoie et al., 2013; Bora and Pantelis, 2013), suggesting that intermediate levels 

of functioning are related to the familial risk. Existing literature on (social) cognition will 

be reviewed in this dissertation, to clarify the nature of impairments, the association 

with symptoms, familial risk and outcome. 

 

Aetiology 

After decades of research into this cluster of disorders, the exact cause of schizophrenia 

spectrum disorders is still unknown. No single cause can be pointed out on why an 

individual with psychotic-like experiences transitions to a full-blown disorder. The 

theoretical model best suited to the aetiology of the schizophrenia spectrum is the 

vulnerability-stress model (Zubin and Spring, 1977). This model states that a complex 

interplay between genetic and environmental factors contribute to the manifestation 

of the disorder (Nuechterlein and Dawson, 1984). Vast literature points to a strong 

genetic component in the development of disorders in the schizophrenia spectrum. 

The diagnosis occurs at a higher rate, up to ten times higher, among first-degree 

relatives of patients compared to the general population. This is further supported by 

twin studies, indicating a concordance rate of 50% in monozygotic twins and 10% for 

dizygotic twins (Tsuang, 2000).  

 First-degree relatives are an interesting population to study, since they have a 

genetic predisposition to the disorder without the expression of the diagnostic 

phenotype. Studies including siblings or other first-degree relatives can elucidate 

whether certain phenomena are part of the familial liability of the disorder (Gottesman 

and Gould, 2003). Candidate endophenotypes, i.e. indicators of vulnerability, are for 

instance neurocognitive mechanisms, such as working memory and executive 
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functioning (Snitz et al., 2005) and social cognition, such as emotion recognition (Eack 

et al., 2009). Next to genetic factors, the vulnerability-stress model entails an interaction 

with environmental factors. Among the most common environmental risk factors are 

obstetric complications, childhood trauma, adverse life events, cannabis use, social 

adversity, e.g. social deprivation and isolation and urbanicity, i.e. living and growing up 

in a city and (Tsuang, 2000; van Os et al., 2010). 

 

The dopamine hypothesis 

Although a lot of research is still needed to unravel the genetic components, multiple 

susceptibility genes, each with a small effect, on for instance dopamine regulation, play 

an important role (Pulver, 2000; Rees et al., 2015). Moreover, environmental risk factors 

have been hypothesised to be related to the development of dopamine dysfunction as 

well (Walker, 1997). These stressors, such as social deprivation and obstetric 

complications, can lead to long-term overactivity in dopaminergic function (Hall et al., 

1999; Boksa, 2004). There are several key hypotheses for the underlying biological 

mechanisms in the development of schizophrenia spectrum disorders and one of the 

most widely described is the dopamine hypothesis (Howes and Kapur, 2009). 

 The dopamine hypothesis in schizophrenia has been implicated as the 

underlying factor causing psychotic symptoms (Howes and Kapur, 2009). Evidence for 

the role of dopamine in schizophrenia comes from neurochemical imaging studies 

showing that, in an acute psychotic state, there are associations with an increase in 

dopamine synthesis and dopamine release. In addition, antipsychotic medication, 

which increases the metabolism of dopamine by blocking the reuptake of dopamine 

through D2 receptors result in a decrease in psychotic symptoms, and provide further 

(indirect) evidence of the dopamine hypothesis in schizophrenia spectrum disorders 

(Guillin et al., 2007; Laruelle, 1998). Furthermore, negative symptoms are thought to be 

a result from frontal hypodopaminergia, which is based on the similarities between 

symptoms seen in frontal lobe lesion studies and the negative symptoms of 

schizophrenia (Davis and Kahn, 1991).  
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Reward processing & the schizophrenia spectrum 

Dopamine, salience and reward 

A central role of dopamine is to appoint salience to environmental and internal stimuli. 

Studies have shown that subcortical, i.e. striatal dopamine, plays a key role in 

motivational and incentive salience and in reward processing (Berridge and Robinson, 

1998; Schultz et al., 1997; Robbins and Everitt, 1996). Studies in schizophrenia have 

hypothesised that abnormal mid-brain dopamine leads to assigning aberrant salience 

to otherwise unimportant stimuli. This aberrant salience model is thought to explain 

the development of positive symptoms, i.e. hallucinations and delusions. One tries to 

make sense of the experience of aberrant salience, resulting in false interpretations of 

internal or external stimuli (Kapur, 2003). This model may also explain the formation of 

negative symptoms; a dysregulation of dopamine may increase the noise in the system, 

which may cause a decrease in the value of motivationally salient stimuli in the 

prefrontal cortex (PFC) (Roiser et al., 2009; Abi-Dargham, 2004). This may for instance 

happen with rewarding stimuli. Rewarding cues may not be processed as such, resulting 

in decreased motivation, which may contribute to the development of symptoms such 

as social withdrawal or avolition. Previous studies indeed have shown that patients with 

a disorder in the schizophrenia spectrum demonstrate abnormalities in reward 

processing and reward learning (Howes and Kapur, 2009; Murray et al., 2008b; 

Schlagenhauf et al., 2014). Moreover, aberrant salience and reward processing 

impairments seem to be related to psychotic symptoms such as paranoia (Howes and 

Kapur, 2009) and negative symptoms, such as the lack of motivation (Strauss et al., 2011; 

Nestor et al., 2014; Waltz et al., 2011; Lewandowski et al., 2016). 

 Investigating reward processing in first-degree relatives offers the possibility to 

eliminate the biological changes secondary to the acute psychotic state and any 

medication effects. Recent studies have shown that first-degree relatives do not 

demonstrate behavioural impairments in reward processing, but reduced activation in 

the striatum on the neural level (de Leeuw et al., 2014; Grimm et al., 2014), while other 

evidence points to intact striatal dopaminergic modulation of reward learning 

(Kasanova et al., 2018). This dissertation will try to elucidate whether reward processing 

and the neural correlates involved are related to the genetic liability of the disorder. 
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Social cognition, reward & the brain 

A specific network in the brain is related to social cognition and (social) reward 

processing, referred to as the ‘social brain’ network. Studies employing functional 

magnetic resonance imaging (fMRI) methods have implicated several brain areas in 

social cognitive processes: prefrontal areas, such as the medial prefrontal cortex 

(mPFC), the dorsolateral prefrontal cortex (dlPFC) and the orbitofrontal cortex (OFC) 

and temporal and parietal areas, such as the posterior part of the superior temporal 

sulcus (STS), the temporoparietal junction (TPJ), temporal poles (TP) and the precuneus 

(Adolphs, 2009; Frith, 2007; Frith and Frith, 2001; Van Overwalle, 2009). Several deeper 

brain structures have been associated with social reward processing in social 

interactions and emotion processing, such as the striatum, more specifically the 

caudate nucleus, and the amygdala (Frith and Frith, 2001; Frith, 2007). These processes 

and related brain structures are required to engage successfully in social interactions. 

For instance, lesion studies in monkeys show that lesions to the amygdala can cause 

social isolation and lesions to the OFC were related to aberrant social behaviour (Frith, 

2007). 

 In patients with a disorder in the schizophrenia spectrum studies have revealed 

abnormal brain responses during social cognitive tasks with reduced activation in 

multiple areas of the social brain. During mentalizing tasks, patients show reduced 

activation in the mPFC and the TPJ (Brunet et al., 2003; Pinkham et al., 2008; Green et 

al., 2015; Lee et al., 2004). During emotion recognition patients engage the amygdala 

less can healthy controls (Sugranyes et al., 2011). Caudate activation has been shown to 

be reduced during reward processing (Juckel et al., 2006b; Murray et al., 2008b). 

However, some studies have yielded contrasting results, showing that patients have 

increased activation during for instance emotion recognition in the amygdala (Holt et 

al., 2006; Kosaka et al., 2002), in temporal and parietal areas during mentalizing 

(Pedersen et al., 2012; Taylor et al., 2012) and emotion processing in the mPFC 

(Mothersill et al., 2014). Increased activation seen in patients may, for example, point to 

compensation mechanisms or increased effort. 

 

Reward processing and social interactions 

Research shows that social interactions are perceived as rewarding. Evidence shows 

that mid-brain dopaminergic reward circuits form the primary neural system for 
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processing reward of various social stimuli, such as positive emotional expressions or 

maternal love (Krach et al., 2010), and that this rewarding nature underlies the 

motivation to engage in social behaviour, e.g. participating in social interactions. 

Processing social rewards is more complex than non-social rewards, like money or food, 

as it requires reward processing and social cognitive mechanisms, such as emotion 

perception and mentalising (Behrens et al., 2008). Patients with a disorder in the 

schizophrenia spectrum have difficulties in developing and maintaining social 

relationships with family and friends (Burns and Patrick, 2007; Pinkham and Penn, 2006). 

An aberrant sensitivity to the rewarding nature of interpersonal interactions in 

combination with social cognitive deficits may underlie social impairments in daily life 

seen in schizophrenia. The mechanisms underlying social interaction in the 

schizophrenia spectrum will be examined in this dissertation. 

 

Studying social interactions in real time 

Social interactions can be defined as social exchange between two or more individuals 

and are embedded in our daily lives. Investigating social interactions in a laboratory 

setting is difficult, however, game theoretical exchange games, i.e. social decision-

making paradigms, from neuroeconomics offer a possibility to examine social reward 

processing and constructs like trust and cooperation during real time interactions. 

Examples of social decision-making tasks are the ultimatum game (Güth et al., 1982), 

the prisoners dilemma (Rapoport et al., 1965), the trust game (Berg et al., 1995) and the 

public goods game (Ledyard, 1994). Paradigms like these have been extensively studied 

in healthy individuals to elucidate behavioural and neural underpinnings of social 

decision-making. These have recently been applied in psychiatric samples as well, to 

investigate the underlying mechanisms such as social cognition, social reward 

processing and learning and their relation to psychopathology (Sharp et al., 2012; Fett 

et al., 2015). In this dissertation, the trust game and the public goods game were used 

to investigate trust, cooperation and social reward learning during two-way and group 

interactions. 

 In the trust game, two players, i.e. the investor and the trustee, take part in a 

two-person investment game. The investor receives an endowment (for example €10 

or £10) and gets to share a chosen amount with the trustee. The shared amount is 

tripled and subsequently the trustee decides how much money to return to the 

investor. During the investment decision, the investor has to trust the other player to 
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reciprocate. A single-shot trust game investigates baseline trust, as there is no 

behavioural feedback from the other player, and a multi-round trust game taps into 

social reward learning mechanisms, since one has to use the behavioural feedback to 

adapt trust. This is also reflected in activation in reward related brain areas, such as the 

caudate during repayments (Delgado et al., 2005; King-Casas et al., 2005). Research in 

healthy individuals on the effects of social contextual information on trust determined 

that levels of trust increased after receiving positive social information, i.e. positive 

information about the partners’ trustworthiness, compared to a negative or neutral 

partner (Delgado et al., 2005). This indicates that top-down information has a strong 

impact on trusting behaviour in pairwise interactions. 

 In addition to two-way interactions, modelling social dilemmas in groups 

provides additional information because interpersonal interactions often occur among 

more than two individuals simultaneously (Archetti and Scheuring, 2012) and the signals 

of more people need to be interpreted, leading to a greater complexity in the social 

dynamics (Sigmund, 2007; Brandt et al., 2003). In the public goods game, a social 

dilemma is tested: participants have to make a choice between maximizing the benefits 

of the group (at a cost to their personal payoff) and maximizing their personal payoff 

(at the expense of the group). Players are given an initial endowment and have to make 

the decision whether to invest the money in a public good (i.e. cooperating) for mutual 

benefit or whether to keep the money for themselves (i.e. defecting) yet still benefit 

from the other players’ contributions. To engage in social interactions, one has to trust 

the other individuals’ willingness to cooperate, which seems to be a key precursor in 

the development of cooperation in a public goods game (De Cremer, 1999). 

 

Social interactions & the schizophrenia spectrum 

Studies employing the trust game in schizophrenia spectrum samples have shown that 

patients demonstrate reduced levels of baseline trust, i.e. first investments, where no 

partner feedback has been received. Chronic patients fail to use social feedback to 

adapt trust over repeated interactions (Fett et al., 2012b; Gromann et al., 2013; 

Lemmers-Jansen et al., 2019), whereas adolescents with a first episode were able to 

learn to increase trust with a cooperative partner (Fett et al., 2016; Lemmers-Jansen et 

al., 2019). Research in patients points to, reduced sensitivity to prior contextual 

information, i.e. top-down processing next to impairments in processing behavioural 

feedback from other people, i.e. bottom-up processing, (Green et al., 2005; Chung et 
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al., 2010; Baez et al., 2013; Hooker et al., 2011). In addition, literature shows that patients 

have a diminished sensitivity to prior positive social information about the interacting 

partner on trust (Fett et al., 2012b). However, it remains unclear whether this reflects a 

bias against positive social information or a general context processing deficit. This 

dissertation aims to elucidate the impact of social contextual information on trust and 

social reward learning and its neural underpinnings. Because little is known about how 

neural findings translate to the real world, the association with real life social 

engagement will be examined. In addition, the mechanisms of the more complex 

nature of interactions in social groups in schizophrenia spectrum disorders remain 

unclear, therefore this dissertation used a public goods paradigm to elucidate 

cooperation and sensitivity to feedback from others in social groups. 

 Contrasting results on social reward learning have been found for first-degree 

relatives of patients with a schizophrenia spectrum disorder. One study found reduced 

trust at baseline, but trust levels normalized when positive social feedback was given 

(Fett et al., 2012b), while another study did not show normalization of trust levels, i.e. 

social reward learning (Gromann et al., 2014). Therefore, it is not yet known whether 

social reward learning deficits are associated with the familial liability of the disorder. 

This dissertation will examine whether there is a general reward processing deficit or 

whether this is aggravated by social rewards in patients and what the impact of the 

genetic liability is on social and non-social reward learning. 

 

 

Social functioning & the schizophrenia spectrum 

Social functioning in daily life 

Social dysfunctions seen in schizophrenia in daily life are amongst the core features of 

the disorder. Social impairments are reflected in some of the key symptoms of the 

disorder, e.g. social withdrawal and isolation, distrust and paranoia, and a lack of 

motivation to engage in interpersonal interactions (American Psychiatric Association, 

2013; Penn et al., 2008) and are reflected in patients’ difficulties to maintain social 

relationships, sustain employment and live independently (Burns and Patrick, 2007; 

Pinkham and Penn, 2006; Harvey, 2014). 

 Social functioning shows stable long-term impairments in schizophrenia 

spectrum disorders and is indicated as an important treatment target that could 

possibly lead to improvements in other areas of functioning as well (Velthorst et al., 
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2016). However, functional and social impairments seen in patients remain a challenge 

to treat successfully and social functioning is often not a specific target to treat in 

standard approaches (Robinson et al., 2004; Wykes et al., 2008). Moreover, if social 

functions are targeted specifically in interventions, they often do not transfer to daily 

life (Roberts and Velligan, 2012; Couture et al., 2006; Pos et al., 2019), which may be 

related to the low social motivation associated with schizophrenia (Rector et al., 2005). 

Adding support in real life to treatment may lead to better functional and social 

improvement (Berry and Haddock, 2008; Bradshaw et al., 2007). Mobile health 

(mhealth) applications could useful to provide support in the context of daily life in 

schizophrenia spectrum disorders. 

 

The promising possibilities of mHealth 

Research shows that up to 81% of psychiatric patients own a smartphone and that 

patients are willing to engage with mobile health (Firth et al., 2015; Lim and Penn, 2018). 

One of the most widely-used and validated methods to monitor experiences and 

behaviour in the flow of daily life with mhealth technology is the Experience Sampling 

Method (ESM) (Granholm et al., 2007; Granholm et al., 2011; Myin-Germeys et al., 2009). 

In ESM, participants answer a set of questions several times a day at random intervals, 

which allows for real-time monitoring of behaviour, mood, and symptoms. This 

technique can be easily integrated in smartphone applications. Monitoring ESM entries 

has yielded successful results in identifying prodromal symptoms of relapse, 

contributing to a decrease in unnecessary hospitalizations (Španiel et al., 2008), 

decreasing in psychotic symptoms, depression and general psychopathology (Ben-

Zeev et al., 2014). In addition, incorporating personalized feedback according to ESM-

entries, i.e. an ecological momentary intervention, was effective to increase social 

interactions (Granholm et al., 2011), motivation and pleasure (Schlosser et al., 2018) and 

had a positive impact on attitudes and community functioning (Depp et al., 2018). 

However, most studies did not include a control group and did not examine subtle 

changes in symptoms and functioning in daily life. Therefore, an ecological momentary 

intervention study incorporating personalised feedback in daily life, including an ESM 

control group, was conducted in this dissertation. 
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Aim and outline of this dissertation 

The aims of the research presented in this dissertation were to investigate: a) 

mechanisms of social interactions, trust, social context processing and social reward in 

patients with a schizophrenia spectrum disorder, b) the familial liability to non-social 

and social reward processing and learning, and c) the feasibility and effectiveness of a 

mhealth application to improve symptoms and social functioning in daily life. In total, 

the studies in this dissertation included 150 patients with schizophrenia spectrum 

disorders, 104 healthy first-degree relatives of patients, and 158 healthy controls. 

Chapter 2 gives an introductory review of literature on cognition in schizophrenia, 

making a distinction between neurocognition and social cognition. This chapter will 

discuss the domains in which cognitive impairments have been identified in the 

schizophrenia spectrum, whether they can be identified in genetic risk groups and how 

these deficits relate to clinical symptoms and outcome. 

Chapter 3 describes differences in reward processing and the underlying neural 

correlates between healthy siblings of patients with a schizophrenia spectrum disorder 

(N = 94) and healthy controls (N = 57). The results of this study shed light on whether 

reward processing impairments and aberrant activation in reward related brain areas 

seen in schizophrenia are possibly related to a familial risk of the disorder. 

Chapter 4 investigates trust and social and non-social reward learning in a sample of 

50 patients with schizophrenia spectrum disorders, in 20 healthy first-degree relatives 

of patients and in 49 healthy controls. Two interactive game-theoretical investment 

paradigms, one social and one non-social, were used, to examine whether (social) 

reward learning impairments are part of a familial risk in the schizophrenia spectrum. 

Chapter 5 aims to elucidate whether patients with a disorder in the schizophrenia 

spectrum show reduced cooperation and less sensitivity to social cues in social group 

interactions, as was demonstrated in previous research in pairwise interactions. Because 

interpersonal interactions often occur among more than two individuals 

simultaneously, a public goods paradigm was played by 27 patients and 27 healthy 

controls to assess differences in cooperation and sensitivity to social feedback in social 

groups. 

Chapter 6 examines the impact of prior social contextual information on social 

interactions and trust (i.e. top-down processing) and the influence of behavioural 

feedback on trust, as a measure of social reward learning (i.e. bottom-up processing). 

Three interactive trust games using either no, negative or positive contextual 

information were played by 23 individuals with schizophrenia spectrum disorders and 
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25 healthy control subjects, while measuring brain activity with functional magnetic 

resonance imaging (fMRI). Neuroimaging is included to clarify which neural 

mechanisms might play a role in reduced social context processing during social 

interactions in the schizophrenia spectrum. In addition, to increase ecological validity, 

correlations between possible neural abnormalities in patients and social engagement 

in daily life, assessed with ESM, were examined. 

Chapter 7 describes the feasibility and effectiveness of an mhealth intervention 

incorporating personalised feedback according to the ESM entries and examining their 

effect on symptoms and social functioning in the flow of daily life of patients with a 

disorder in the schizophrenia spectrum. Twenty-seven patients received ESM-derived 

personalized feedback for a duration of 3 weeks. Twenty-three patients were included 

in the ESM control group, who responded to the ESM questionnaires for a duration of 

3 weeks, without receiving tailored feedback. 

Chapter 8 presents a general discussion of the main findings in chapters 2 to 7 and 

construes conclusions within a broader perspective. The general discussion concludes 

with implications for clinical practice and future research. 
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Introduction 

There is little doubt among clinicians and scientists about the fact that patients with a 

disorder in the schizophrenic spectrum experience problems in cognitive functioning. 

Opinions differ, however, about the importance of these cognitive impairments for 

clinical practice. Does cognitive functioning have diagnostic specificity? Does 

performance on cognitive tasks predict functioning in daily life? This chapter will 

address these questions. First, we will discuss the domains in which cognitive 

impairments may be identified, making a distinction between neurocognition, social 

cognition and metacognition. We will then discuss how these deficits relate to clinical 

symptoms. 
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Neurocognitive functioning 

When seeking to understand the nature and extent of neurocognitive impairments 

accompanying schizophrenia spectrum disorders, it is easy to lose sight of the wood 

for the trees due to the large number of publications on this topic. Nevertheless, a fairly 

consistent picture does emerge from the literature (Fett et al., 2011b; Reichenberg and 

Harvey, 2007). Six cognitive domains are systematically associated with the 

schizophrenia spectrum: speed of information processing, attention, working memory, 

declarative memory, verbal comprehension, and executive functions. Moreover, 

impairments in these domains persist even when corrected for general cognitive 

decline (see also the research carried out within the framework of the MATRICS 

initiative: www.matrics.ucla.edu). 

 Nevertheless, considerable heterogeneity must be taken into account: some 

patients are capable of normal performance, whereas others score 2 standard 

deviations below the norm average on all aspects of cognitive functioning. This can be 

explained in part by clinical and functional heterogeneity, but unfortunately, it is also 

partly due to methodological heterogeneity (Fioravanti et al., 2012). As such, it is not 

yet possible to use cognitive functioning as a diagnostic marker. There is too little 

diagnostic specificity to distinguish a patient with a disorder in the schizophrenic 

spectrum from a healthy individual and even to distinguish between different disorders 

within the spectrum (Barch et al., 2013), even though the distributions of patients and 

healthy controls have less than a 40% overlap (Heinrichs et al., 2013). This may be the 

reason why cognitive functioning was not included in the most recent edition of DSM-

5, although the same applies to hallucinations, delusions and negative symptoms, 

which can be found in the DSM. Despite the fact that the diagnostic specificity of 

cognitive functioning is currently unclear, it is recommended that a neuropsychological 

examination be conducted to determine the nature and severity of the problems, which 

can contribute to prognostic decision taking. 

 

Cognition and daily functioning 

Neurocognitive functioning is an import predictor of problems in daily-life functioning 

among patients with a disorder in the schizophrenia spectrum. The different levels of 

functioning seen in patients in everyday life and during recovery can partially be 

explained by neurocognitive problems (Reichenberg and Harvey, 2007). An overview 
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of 52 studies shows that the degree of explained variance due to neurocognitive 

disorders is about 15.2% (Fett et al., 2011b). The various neurocognitive domains appear 

to have different associations with aspects of daily-life functioning. Executive 

functioning, for instance, is related to social problem-solving skills, whereas social 

behaviour is correlated with learning and memory. Moreover, a general measure of 

cognitive ability also appeared to be associated with functional recovery after a 

minimum of 6 months (Green et al., 2004). 

 

The effect of medication 

Research into the effect of antipsychotics on cognitive functioning shows a small 

positive effect. This applies to all antipsychotics, including classical (typical) and second-

generation (atypical) antipsychotics. Some studies show that second-generation 

antipsychotics are slightly more beneficial in terms of improving cognitive functioning. 

A meta-analysis reported an effect size of 0.24 for atypical versus typical medication 

with a combined measure of cognitive functioning, in which learning and memory, 

information processing speed, visuospatial processing and motor skills were combined 

(Woodward et al., 2005). A more recent meta-analysis confirms this idea: atypical 

medication such as olanzapine, quentiapine and risperidon lead to greater 

improvement in general cognitive ability as well as in the separate domains of memory, 

attention and processing speed, when compared to typical medication, such as 

haloperidol (effect size was relatively small, ranging from 0.06 to 0.32) (Désaméricq et 

al., 2014). The source of these improvements is not entirely clear. It is possible that an 

improvement of the dopamine balance brought about by antipsychotics in general 

could increase the efficiency of information processing in the frontal cortex. Indirect 

effects are also possible: a reduction in psychotic symptoms (caused by the medication) 

may improve people’s performance on cognitive tests. Most researchers assume that 

the lower affinity for dopamine D2 receptors and stimulation of serotonin transmission 

by second-generation medication have a beneficial effect on cognitive skills. 

 

Profile of cognitive functioning in schizophrenia 

In the context of the MATRICS initiative, tests were selected for each of the 

neurocognitive domains, based on psychometric properties and consistency with 

measures of functioning. An overview of the MATRICS Consensus Cognitive Battery is 
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shown in Table 1. We will briefly explain the different neurocognitive domains and the 

corresponding findings in the schizophrenia spectrum. 

 

Information processing speed 

Information processing speed refers to the speed with which cognitive actions are 

performed. This is an important function, because higher cognitive functions such as 

working memory rely on processes that are partly dependent on information 

processing speed. In practice, this function is often measured with coding tasks, such 

as the Symbol Substitution Coding test, or with the basic tasks included in the Stroop 

Test and Trailmaking Test (TMT). Effect sizes for the coding tasks are substantial 

(between 1 and 1.5 SD) and slightly lower for the basic tasks (between 0.5 and 1 SD) 

(Reichenberg and Harvey, 2007). An overview of 23 studies shows that medication-

naïve patients underperform healthy controls by approximately 1 SD on average 

(Fatouros-Bergman et al., 2014). 

 

Attention 

Attention deficits mainly concern entering into and maintaining an alert state. The first 

aspect of alertness is measured with response-time tasks. A consistent deviation, 

though with varying levels of severity, is found in patients in these types of tests 

(ranging from 0.5 to 1.5 SD). Maintaining alertness is measured with sustained attention 

tasks, such as the Continuous Performance Test (CPT). Depending on which version of 

the CPT is used, patients with schizophrenia spectrum disorders underperform healthy 

controls by an average of approximately 1 SD (Reichenberg and Harvey, 2007). 

Research among patients who do not take medication show an effect size of 0.8 for 

attention (Fatouros-Bergman et al., 2014). Disorders relating to the higher-level aspects 

of attention, such as selective and divided attention, will be discussed in the section on 

executive functions. It appears that illness severity has a minor effect on attention. Of 

patients admitted to a clinic, 4 out of 5 experiences attention problems, with 

approximately 3 out of 4 patients who have not been admitted to a clinic experiencing 

the same issues (Fioravanti et al., 2012). 
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Table 1 

The MATRICS Consensus Cognitive Battery (MCCB) 

Cognitive domain Test Description 

 

Information 

processing speed 

Brief Assessment of Cognition 

in Schizophrenia (BACS): 

Symbol Coding 

 

Category Fluency: Animal 

naming 

 

Trailmaking Test: Part A 

Timed paper-and-pencil task in which the 

subject has to match numbers to abstract 

symbols according to a fixed key. 

 

Oral task in which the subject must list as 

many animals as possible in one minute. 

 

Timed paper-and-pencil task in which the 

subject has to connect a range of randomly 

placed numbered circles in the right order. 

Attention/vigilance Continuous Performance Test 

– identical pairs (CPT-IP) 

Computerised test to measure sustained 

attention, in which the subject has to respond 

when he/she identifies two identical, 

consecutive numbers in a series. 

Working memory 

(Non-verbal & 

Verbal) 

Wechsler Memory Scale- 3rd 

Ed (WMS-III): Spatial Span 

 

Letter-Number Span 

The subject points out a series of blocks on a 

board in the same (or reverse) order as the 

researcher. 

 

Oral task in which the subject must mentally 

reorder a series of letters and numbers, 

before saying them in the correct order. 

Verbal learning Hopkins Verbal Learning 

Test-Revised (HVLT-R) 

Oral task in which a list of 12 words from 3 

semantic categories is offered three times, 

after which the subject must reproduce as 

many words as possible after each trial. 

Visual learning Brief Visuospatial Memory 

Test-Revised (BVMT-R) 

A task in which the subject must reproduce 

six geometric shapes from memory. 

Reasoning and 

problem-solving 

Neuropsychological 

Assessment Battery (NAB): 

Mazes 

The subject solves seven paper-and-pencil 

mazes with increasing levels of difficulty. 

Social cognition Mayer-Salovey-Caruso 

Emotional Intelligence Test 

(MSCEIT): Managing 

Emotions 

Paper-and-pencil multiple-choice test that 

measures how well the subject is capable of 

controlling his or her emotions. 
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Working memory 

Working memory represents the capacity to keep information actively available for a 

certain amount of time and to process that information. Some researchers believe that 

dysfunctional working memory is the core problem in cognitive dysfunctions that 

accompany schizophrenia spectrum disorders. Patients show moderately large 

impairments on tasks that only require information retention (for example measured 

with the Forward Digit Span; > 0.5 SD), but the severity increases considerably if the 

information in question also has to be processed (Backward Digit Span; approximately 

1 SD) (Reichenberg and Harvey, 2007). In terms of working memory, medication-naïve 

patients deviate from the average performance of healthy controls by around 1 SD 

(Fatouros-Bergman et al., 2014). 

 

Learning and memory 

Research into learning and memory distinguishes between declarative and non-

declarative processes. The main difference between the two is that in case of non-

declarative learning, it is possible that one cannot explicitly describe what is learned. 

Learning motor skills, such as cycling, is an example of non-declarative (procedural) 

learning. Procedural learning skills and memory seem largely intact in patients. 

Disorders within the schizophrenia spectrum mainly impact the declarative memory, 

particularly pertaining to information encoding skills. Information storage and retrieval 

are also affected, though less severely (Reichenberg, 2010). In accordance with this 

finding, the effect sizes are greatest for tasks that measure immediate memory, 

particularly for verbal information, between approximately 1 and 1.5 SD for medicated 

patients (Reichenberg and Harvey, 2007), and at approximately 1 SD for medication-

naïve patients (Fatouros-Bergman et al., 2014), but also - though to a lesser extent - for 

non-verbal information, where medicated patients show an effect size of between 

approximately 0.5 and 1 SD (Reichenberg and Harvey, 2007) and medication-naïve 

patients of about 0.78 SD (Fatouros-Bergman et al., 2014). A meta-analysis of memory 

in schizophrenia spectrum disorders (Aleman et al., 1999) showed that active 

information recall is more severely impaired than information recognition, which may 

indicate a frontal cortex component, in addition to the involvement of the temporal 

cortex. A more recent meta-analysis, comparing 47 studies, showed that about 80% of 

patients with a schizophrenia spectrum disorder experienced memory problems 

(Fioravanti et al., 2012). 

 



Chapter 2 

30 

 

Executive functions 

Executive functioning is an umbrella term for processes that lead to goal-directed 

behaviour, such as planning, organising and controlling behaviour. Executive functions 

are often called the ‘conductor of the orchestra’ of our cognitive functions, playing a 

major role in everyday tasks and our functioning in everyday life. The tasks most 

commonly used to determine executive functions are the Wisconsin Card Sorting Tests 

(WCST), the interference task in the Stroop test, and part B of the TMT. The WCST is a 

complex test that measures abstract concept formation, as well as flexibility and control 

of behaviour. The Stroop test and TMT call on simpler systems, suppressing an 

automatic response (selective attention) and switching between two sequences 

(divided attention), respectively. The deviations measured in patients for these tasks are 

substantial, ranging between 1 and 2 SD (Reichenberg and Harvey, 2007). When looking 

at patients who do not take medication, it appears that executive function impairments 

are slightly smaller, with an effect size of 0.78 (Fatouros-Bergman et al., 2014). Many 

patients experience impaired executive functions, with about 80% displaying executive 

dysfunction (Fioravanti et al., 2012). 

 

General cognitive functioning 

All specific neurocognitive impairments occur against the background of general 

cognitive decline (effect size between 1 and 1.5 SD), which can, for instance, be 

measured with intelligence tests. Some researchers use this insight to conclude that the 

decline associated with schizophrenia spectrum disorders is actually general decline 

that cannot be differentiated (Dickinson and Gold, 2007), whereas others state that it is 

useful to distinguish individual cognitive dimensions (Nuechterlein et al., 2004). There 

are only small differences between patients admitted to a clinic and patients who are 

not, which means that the problems with general cognitive functioning do not depend 

on the severity of symptoms. Based on a large meta-analysis comparing 102 studies, it 

can be said that at least 3 in 4 patients suffer from problems with general cognitive 

functioning (Fioravanti et al., 2012). Some researchers believe that the decline in general 

cognitive functioning is associated with decreased motivation. It is possible that 

patients with a disorder in the schizophrenia spectrum underperform on tasks because 

they are not motivated enough (Gard et al., 2009).  
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The progression of neurocognitive impairments 

One might think that neurocognitive deficits are simply the result of factors related to 

the illness. In other words: patients perform poorly because they are distracted by 

voices or delusions. However, even before the first psychotic episode presents itself, 

there are already indications of abnormal cognitive functioning. The most convincing 

evidence for this assertion comes from longitudinal studies that follow children until 

after the age at which they are most at risk of developing a disorder in the 

schizophrenia spectrum. The Dunedin cohort is a good example: individuals who were 

diagnosed with schizophrenia at the age of 32 had already shown stable impairments 

in verbal reasoning, working memory and attention when they were between 7 and 13 

years of age (Reichenberg et al., 2009). In a meta-analysis of 18 studies in which IQ was 

measured before the onset of the first psychosis, patients showed a premorbid IQ 

deviation of 0.5 SD compared to the healthy population (Woodberry et al., 2008). This 

deviation increases around the first psychotic episode, before appearing to stabilise. 

This progression is associated with the neuro-developmental model of schizophrenia 

and fits in less with a neurodegenerative process. However, after the age of 65, 

cognitive decline may well accelerate compared to normal age-related cognitive 

decline, although more longitudinal studies are required to map this decline more 

accurately (Kurtz, 2005).  

 

Neurocognitive impairments in risk groups 

Further convincing evidence that cognitive impairments are not, or at least not entirely, 

the result of factors related to the illness is adduced by research into individuals with a 

genetic risk of developing a disorder in the schizophrenia spectrum. Research into 

healthy, first-degree relatives of patients shows a similar cognitive impairment profile 

to the patients in question, but with considerably decreased severity (effect sizes 

between 0.2 and 0.6SD) (Reichenberg and Harvey, 2007). This finding is an indication 

that neurocognitive deficits are part of the genetic vulnerability for schizophrenia 

spectrum disorders. Research among monozygotic twins, with one twin suffering from 

schizophrenia and one healthy twin, also provides convincing evidence that the twin 

with the disorder is outperformed by the healthy twin. Moreover, this difference in 

performance level was already identified from the age of 13, an average of 9 years 

before the onset of the first psychotic episode (Kahn and Keefe, 2013). 

 Studies into individuals with a schizotypal disorder form a second line of 

interesting research. This includes three categories: 1) individuals with a schizotypal 

personality disorder as defined in the DSM 5, 2) individuals from the general population 
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with psychometrically determined characteristics of schizotypy (e.g. eccentric or 

withdrawn behaviour and abnormalities of perception), but without overt psychotic 

symptoms, 3) individuals from the general population with mild psychotic or psychotic-

like symptoms. Studies in all three categories show mild neurocognitive impairments in 

the domains that are also affected in patients with schizophrenia, without the 

generalised decline that characterises the clinical group (Reichenberg and Harvey, 

2007). 

 

Social cognition 

Social cognition refers to the mental processes that underlie social interactions. 

Scientific interest in the role of social cognition in schizophrenia spectrum disorders 

stems from two different observations. The first is that some of the key symptoms seem 

to have a social character, such as paranoid delusions, which is one of the reasons that 

researchers have increasingly started to focus on social cognition. The second 

observation is that patients’ functioning in everyday life is often characterised by social 

limitations. A meta-analysis has shown that social cognition is, indeed, related to 

functioning in daily life (Fett et al., 2011b). Moreover, it appears that impairments in 

social cognition are a better predictor for problems in daily-life functioning than 

neurocognition (explained variance of 23.3% vs. 15.2%). This is an important insight, 

because it shows that social cognitive mechanisms are an important treatment target 

in the schizophrenia spectrum. Research into social cognition in schizophrenia 

spectrum disorders has focused on 4 main areas: emotion perception, social 

perception, mentalising, and attributional style (Green and Leitman, 2008). 

 

Emotion perception 

Emotion perception refers to the ability to recognise and process emotional 

information. This is mostly studied by testing the recognition of facial expressions and 

emotional prosody, where subjects are shown expressions in drawings, cartoons, 

photos or videos. The first aspect in particular has been studied extensively among 

patients with a schizophrenia spectrum disorder. The Face Emotion Identification Test 

(FEIT) is a commonly used task. In emotion perception tasks, patients underperform 

healthy controls with an effect size of 0.89 (Savla et al., 2012). Although patients perform 

less well on all categories of emotions, they struggle the most with negative emotions, 

such as anxiety and anger. Performance on emotion perception tasks shows a 

moderate to strong correlation with aspects of functioning, such as social behaviour 
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and social skills (Couture et al., 2006; Fett et al., 2011b), which appear to be reasonably 

stable throughout the course of the disease. However, no link was found between 

emotion recognition and social functioning in daily life when measured with the 

experience sampling method (ESM), which involves real-time measurements of social 

functioning in daily life (Janssens et al., 2012). 

 

Social perception 

Social perception relates to the ability to interpret social cues, both verbal and non-

verbal, within a given social situation and is closely associated with social knowledge. 

This domain of social cognition can be studied by means of cartoons or short videos, 

where subjects have to place cartoons in the correct order or answer questions about 

what they saw, such as in the Profile of Nonverbal Sensitivity task (PONS). Patients 

struggle to interpret verbal and non-verbal social cues and do not perform as well on 

social perception tasks (effect size of 1.04; (Savla et al., 2012). They make less frequent 

use of context or social schemas to understand social situations. Performance on social 

perception tasks is associated with social behaviour in the clinic and in society, as well 

as with social skills (Couture et al., 2006; Fett et al., 2011b). 

 

Mentalising 

Mentalising, or Theory of Mind (ToM), is the ability to infer the intentions, beliefs and 

moods of others, or, in other words, to see things from the others’ perspective. Various 

types of tasks have been used to study ToM in schizophrenia spectrum disorders. The 

first category consists of stories or cartoons in which one of the characters has an 

incorrect notion of reality, which the subject must put into words (e.g. False belief task). 

The second category concerns photographs, stories or cartoons in which a mental state, 

such as an intention, must be attributed to one of the characters (e.g. Reading the Mind 

in the Eyes task). The third category consists of stories with an indirect message, or hint, 

which must be explained by the subject (e.g. Hinting task). Several meta-analyses show 

that patients underperform control subjects by more than 1 standard deviation, 

regardless of which type of task is used (Savla et al., 2012; Sprong et al., 2007b). It 

appears that ToM is related to functioning (Couture et al., 2006) and can even be 

considered the most important predictor of functioning in daily life (Fett et al., 2011b). 
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Attributional style 

Attributional style refers to the explanations that individuals give for certain events, also 

known as causal inference. Attributional style reflects the types of causes that an 

individual will usually attribute to positive or negative events. A distinction is made 

between internal and external attributions. Internal attributions involve attributing the 

cause of a stimulus or event to oneself. External attributions may relate to a situation, 

but also to another person, as a defence mechanism, for instance. Attributional styles 

are usually measured with questionnaires that ask the subject to give the most probable 

cause of a number of imaginary positive or negative social events (e.g. Internal, 

Personal and Situational Attributions Questionnaire). Several studies have found that 

patients with a diagnosis in the schizophrenia spectrum are inclined to externalise the 

cause of negative events, with a tendency to point at other people rather than 

situations, which is also known as a personalising bias (Green and Leitman, 2008). 

Although healthy people can also display this personalising attributional style to a lesser 

extent (known as fundamental attribution error), in contrast to patients they will often 

correct their views when presented with more information about the situation. 

Moreover, patients tend to attribute hostile intentions to other people (Couture et al., 

2006). Information about attributional styles within the schizophrenia spectrum is still 

inconsistent: one meta-analysis, for instance, found no significant differences in the 

attributional styles of patients compared to those of healthy controls (Savla et al., 2012). 

 

Social cognition in interactions 

In order to ensure that the interactive aspect of social cognition is not ignored, 

interactive neuro-economic tasks taken from game theory have been used in research 

into social dysfunction in schizophrenia spectrum disorders. For this purpose, 

researchers use tasks that study social behaviour directly, in real time, in social 

interactions. Trust and cooperation are essential components of successful social 

interactions. The trust game can be used to study these elements, which involves 2 

players interacting in an investment game. Trust is important in this game, because you 

have to trust that the other player will return your investment. Mentalising capacity is 

necessary when it comes to attempting to predict the future behaviour of the other 

player. Studies that have used this task in a patient population show that patients are 

less trusting (lower investments) compared to healthy controls. Even when information 

was provided about the trustworthiness of the other player, who was indicated as being 

reliable, patients did not adjust their behaviour (Fett et al., 2015). Diminished trust and 
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reciprocity in social relationships may provide an explanation for social dysfunction in 

daily life among patients with a schizophrenia spectrum disorder. 

 

Progression and social cognitive impairments in risk groups 

With regard to the progression of social cognition impairments, the same picture 

emerges as for neurocognitive problems. In tasks that require mentalising, emotion 

processing and social perception, no difference in performance could be identified 

between the premorbid phase, the first episode and chronic phases of the disorder 

(Green et al., 2011). As such, problems with social cognitive skills are present, as are 

neurocognitive disorders, before the disorder is fully manifest, and these problems 

remain stable throughout the various phases of the disorder. This suggests that social 

cognitive problems are a characteristic of the disorder, indicating that they are a trait 

rather than a state.  

 Family members of individuals with a disorder in the schizophrenia spectrum 

also underperform control groups on social cognitive tasks. Children with a parent who 

has schizophrenia, for instance, showed impaired ToM and social perception (Green et 

al., 2015). Studies using the trust game also reported that first-degree relatives were 

less trusting, performing at a level between patients and healthy controls. However, 

after being given information about the trustworthiness of the other player, relatives 

were able to adjust their behaviour, whereas patients did not (Fett et al., 2015). It is 

possible that the ability to handle different social situations and social information in a 

flexible manner may be a protective factor against the transition to psychosis. 

 

Metacognition   

The term metacognition refers to high-order cognitive processes that could also be 

called ‘thinking about thinking’ or beliefs and attitudes with regard to one’s own 

cognitive functions. These beliefs are not always conscious; they can also be implicit. 

With regard to schizophrenia spectrum disorders, metacognitive skills are for instance 

important for awareness of illness (i.e. insight), jumping to conclusions (i.e. reasoning 

bias) and monitoring of self-generated actions.  

    

Insight   

Many patients with a psychotic disorder believe that there is nothing wrong with them 

and that they do not require treatment. This is also known as lack of insight. The 
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concept insight in psychosis, therefore, does not relate to specific knowledge of all 

facets of the diagnosis, including pathophysiological factors, but to the awareness of 

symptoms of a psychological nature, which impede everyday functioning and for which 

treatment is indicated. This is not an all-or-nothing phenomenon, as patients can show 

varying degrees of insight: (1) the awareness of having an illness; (2) recognising 

psychotic symptoms as abnormal experience; and (3) realising the need for treatment 

(David, 1990). Useful tools to map insight include the Scale to Assess Unawareness of 

Mental Illness (SUMD), the Schedule to Assess components of Insight - Extended (SAI-

E), which are both semi-structured interviews, and the Birchwood Insight Scale (self-

report questionnaire). 

 Current approaches aimed at explaining a lack of insight among patients with 

a schizophrenia spectrum disorder mainly target the role of neuropsychological deficits, 

although a meta-analysis has shown that the correlations between these two have a 

minor to moderate effect size (around r = 0.16; (Nair et al., 2014)). In the past, it has 

been pointed out that inadequate insight among patients suffering from a psychosis 

may be the result of denial as a defence mechanism, although there is no convincing 

evidence for this. 

 It is possible that metacognitive processes may contribute to reduced insight 

into one’s own mental processes and behaviour. When this insight occurs as conscious 

reflection, it is also referred to as self-evaluation. Another, related mental skills is the 

ability to see things from another person’s perspective. Research shows that an inability 

to put yourself in someone else’s position and to look at oneself through the eyes of 

others, as it were, is associated with reduced insight into psychosis (Langdon and Ward, 

2008). Future research should focus on unravelling the neural basis of these processes, 

as well as on therapeutic interventions that can be used to improve insight. 

     

Reasoning bias  

Many patients with a schizophrenic spectrum disorder tend to draw conclusions based 

on little evidence (Dudley et al., 2015), which is also known as the jumping to 

conclusions bias (JTC bias). This bias can be measured with the beads task, which is 

based on two vases. One of the two contains 80% red and 20% blue beads, while the 

other contains 20% red and 80% blue beads. The test subject cannot see these vases, 

but is shown a single bead taken from one of the vases. The subject must then choose: 

either to say which vase the bead came from, or to ask for another bead. Patients 

require little evidence (sometimes just a single bead) to conclude which vase the bead 

came from. They make decisions based on less evidence, whilst being more certain of 
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their decisions (Fletcher and Frith, 2009). JTC is characteristic of patients, but is even 

more prevalent among patients with delusions than in patients without delusions, which 

implies that delusions may play a specific role here. The fact that the bias (though to a 

lesser extent) is also found in family members and other people at increased risk of 

schizophrenia indicates that this may be a trait (Dudley et al., 2015). 

   

Self-monitoring 

Self-monitoring refers to the ability to determine whether actions (such as speech or 

movements) are self-generated or not. Research on schizophrenia spectrum disorders 

mainly focuses on verbal self-monitoring, or monitoring one’s own speech. This does 

not only pertain to actually saying words out loud, but also to the intention to speak 

and inner speech. Inner speech is a common phenomenon among healthy people and 

constitutes the experience of ‘talking in your head’, or internally verbalising a stream of 

thought. The brain distinguishes between external stimuli that enter the brain via the 

senses and internally generated sensations that can be controlled by the will and, as 

such, were initiated by oneself. This mechanism to assess whether actions are self-

generated appears to be affected in people with a psychotic disorder. A meta-analysis 

has shown that patients with auditory hallucinations are more prone to error in terms 

of recognising the source of information (Waters et al., 2010). This can be tested with 

tasks that require internally generated information to be distinguished from 

information offered by an external source. 

 In healthy individuals, certain brain areas are constantly at work to predict the 

sensory consequences of self-generated actions, a mechanism that is described as the 

forward prediction model. This involves sending a copy of motor processes to control 

centres in the brain that predict the sensory consequences in advance. Because this 

mechanism is not as effective in patients with a schizophrenia spectrum disorder, it is 

possible that a self-generated action may seem like an externally generated action, 

making it a new, surprising experience (Fletcher and Frith, 2009). In self-monitoring 

tasks, patients seems to be less able to identify self-generated actions, regardless of 

which modality is studied. This external attribution error seems to occur more 

frequently in patients who are experiencing hallucinations during the test, compared 

with patients who have experienced hallucinations in the past and patients who have 

never experienced hallucinations. This suggests that the problem with self-monitoring 

is related to current symptoms, rather than being a permanent characteristic. Erroneous 

attribution of speech experiences is observed both in patients with hallucinations and 
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in patients with delusions. It is therefore possible that an impairment of the self-

monitoring system may be a general characteristic of positive symptoms. 

 

Relationship with symptoms    

Symptom dimensions  

Specific relationships may exist between the various symptom dimensions of 

schizophrenia spectrum disorders and neurocognitive dysfunction. A meta-analysis has 

shown that negative and disorganisation dimensions are correlated with diminished 

cognitive performance in terms of memory, processing speed and IQ, whereas positive 

symptoms show no relationship (Dominguez et al., 2009). The correlation with the 

negative dimension was especially prominent for verbal fluency, whereas the 

correlation with the disorganisation dimension was particularly prominent for 

reasoning/problem solving and attention/vigilance. It is possible that different brain 

mechanisms underly the negative and disorganisation symptom clusters on the one 

hand, and the positive and affective symptom clusters on the other hand.  

 The literature describes a sub-group of patients characterised by primarily 

chronic and severe negative symptoms, which are also referred to as deficit syndrome. 

An overview of cognition research into the deficit syndrome shows that deficit patients 

suffer from more severe neuropsychological impairments than non-deficit patients 

(effect size 0.41). Deficit patients particularly underperformed in tests measuring smell 

perception, social cognition and language (Cohen et al., 2006). No specific neuro-

anatomical pattern emerges from this neuropsychological profile, but future research 

may shed more light on this matter by employing even more specific tests combined 

with neuroimaging. 

 

 Specific hypotheses for hallucinations 

The self-monitoring hypothesis discussed previously plays an important role in the 

development of hallucinations. Poor self-monitoring skills contribute to a reduced 

ability to distinguish between relevant and irrelevant signals. In addition, a number of 

other cognitive processes have been suggested as underlying factors in the 

development and persistence of hallucinations. The most important roles are played by 

response bias, top-down factors (prior knowledge and expectations) and inhibition. A 

number of studies, for example, report a positive response bias with regard to the 

detection of auditory stimuli. This refers to the general tendency to report quickly that 
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a particular stimulus was offered, under ambiguous circumstances (Aleman and Larøi, 

2008). In contrast to the theories based around impaired speech perception, patients 

with hallucinations appear to detect real stimuli more easily due to their tendency to 

make more ‘false positive’ mistakes than ‘false negatives’ (in the context of signal 

detection theory; (Waters et al., 2010)). In a task that required patients to identify hard-

to-detect speech stimuli (against a background of acoustic noise), people with 

hallucinations were more sensitive when it came to detecting these stimuli than patients 

who did not suffer from hallucinations. The latter group showed no difference 

compared to healthy controls in this matter. Patients who experienced hallucinations 

were the only group that showed a positive response bias in this test (Vercammen et 

al., 2008). This finding suggests that people with hallucinations show an exceptional 

focus on auditory verbal stimulation. In conclusion, auditory hallucinations may arise 

from an interaction between auditory signals attributed to an external source and top-

down processing impairments. As a result, patients do not process mistakes as such, 

have less cognitive control, attribute the wrong meaning to situations based on their 

own knowledge and experiences, and are prone to assigning an incorrect meaning to 

perceptions due to characteristics of the disorder (Waters et al., 2010). 

 

Specific hypotheses for delusions 

The previously discussed JTC bias is related to the onset and persistence of delusions. 

In addition, attribution style (the tendency to opt for externalising and personalising 

attributions) is also related to delusions (Bell et al., 2006). Most theories assume that 

patients become aware of a strange experience, i.e. a perception or thought which 

cannot be interpret fully but is considered to be very important, and then seek to find 

an explanation for it. The information on which this explanation is based is generated 

by the individual, who may be put on the wrong track by memory impairments and a 

reasoning bias. Additional information is also retrieved from the explanations and 

signals received from others, where ToM impairments potentially have a distorting 

effect on the final explanation for the strange experience. Patients with paranoid 

delusions may also be overly prone to attributing intentions to others, which is also 

described as ‘overmentalising’ (Fett et al., 2015). Because of all these distortions, the 

explanation now has only tenuous ties to reality, making it a delusion. There may be a 

different explanation for delusions of control, also known as passivity phenomena, 

where patients feel that their own thoughts or movements are being controlled by an 

external entity. This kind of delusion can probably be explained in a similar way to 

hallucinations, with self-monitoring impairments and dysfunctional interpretation of 
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strange sensations leading to a delusion of control (Fletcher and Frith, 2009). A delusion 

can be strengthened by the attempts of the person in question to find explanations for 

his or her abnormal perceptions. 

 

Summary 

Patients with a disorder in the schizophrenia spectrum display significant 

neurocognitive impairments related to general cognitive functioning, information 

processing speed, attention, working memory, declarative memory and executive 

functions. These impairments are also found in individuals with a genetically or clinically 

increased risk, though to a lesser extent. Although there is considerable heterogeneity 

between patients, the stability of cognitive impairments within individuals is substantial. 

Minor cognitive abnormalities can often be identified even before the onset of the first 

psychotic episode.  

 The role played by social cognition in schizophrenia spectrum disorders now 

receives considerably more attention, because social-cognitive skills have proven to be 

an important predictor for patient functioning in daily life. Research has shown 

substantial deviations in various domains of social cognition, including emotion 

perception, social perception, mentalising (ToM) and behaviour in real-time social 

interactions (diminished trust and sensitivity to social information). It is important to 

take these factors into consideration when developing interventions aimed at social 

symptoms and interpersonal dysfunction. 

 Metacognitive skills are important for insight and jumping to conclusions 

(reasoning bias), and the ability to monitor one’s own speech and actions have also 

proven to be impaired in patients with a schizophrenia spectrum disorder. 

 Because neurocognition, social cognition and metacognition are so important 

for the prognosis of schizophrenia spectrum disorders, treatments have sought to 

target these domains to an increasing extent in recent years (e.g. cognitive remediation 

therapy and social skills training). Future (longitudinal) research is yet to show which 

domains can be treated most successfully and which methods are most effective. In 

addition, future research must shed light on the precise mutual relationships between 

the various domains and clinical symptoms, with imaging studies in particular having 

the potential to make a major contribution.
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Abstract 

Deficits in motivational behaviour and positive symptoms often observed in 

schizophrenia may be driven by dysfunctional reward processing. Studies in patients 

with a schizophrenia spectrum disorder have found less activation in the ventral 

striatum (VS) during reward anticipation and reduced activation in the prefrontal cortex 

(PFC) during reward consumption, but these findings do not provide information on 

effect of the genetic load on reward processing. Therefore, this study investigated 

reward processing in healthy first-degree relatives of patients with a schizophrenia 

spectrum disorder. The sample consisted of 94 healthy siblings of patients and 57 

healthy controls. Participants completed a classic reward processing task, the Monetary 

Incentive Delay (MID) task, during functional magnetic resonance imaging (fMRI). In 

absence of behavioural differences on reward processing, whole-brain analyses 

revealed group differences; during reward anticipation, siblings showed less 

deactivation in the insula, posterior cingulate cortex (PCC) and medial frontal gyrus 

(MFG) than controls. During reward consumption, siblings showed less deactivation in 

the PCC and the right MFG compared to controls and activation in contrast to 

deactivation in controls in the precuneus and the left MFG. Exclusively in siblings, insula 

activity correlated with subclinical negative symptoms and precuneus activity with 

subclinical positive symptoms. The results do not point to altered brain activity in 

classical reward-related brain areas, such as the VS and PFC, except for a positive 

correlation between activation in the right VS activity and subclinical positive symptoms 

in siblings. Outside the reward-related network we found weaker deactivation in 

siblings in brain areas typically associated with the default mode network (DMN) and 

could therefore indicate reduced task-related suppression (i.e. hyperactivation) of the 

DMN. Our finding of less deactivation in siblings in the PCC and MFG may suggest 

increased processing demands during reward processing. 
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Introduction 

The most well-known theory on the pathophysiology of schizophrenia concerns altered 

dopaminergic neurotransmission (Howes and Kapur, 2009; MacDonald and Schulz, 

2009). The dopamine (DA) hypothesis of schizophrenia states that there is an abnormal 

regulation of dopamine in the mesolimbic network (Carlsson and Lindqvist, 1963). 

Recently, research indicates that there might be an imbalance between DA systems in 

schizophrenia: hyperactive subcortical mesolimbic DA, resulting in positive symptoms, 

and hypoactive mesocortical DA in the prefrontal cortex (PFC), resulting in cognitive 

impairment and negative symptoms (Abi-Dargham, 2004). 

 Research in animals and in the healthy human population has established the 

crucial role for mesolimbic dopamine in reward processing (Bayer and Glimcher, 2005; 

Elliott et al., 2000; Pizzagalli et al., 2008; Schultz, 1997; 1998; 2006). Rewards are 

desirable outcomes that serve to influence behaviour and therefore reward processing 

is one of the most basic and important mechanisms for guiding human behaviour and 

managing everyday life encounters successfully. Dopamine is essential in motivated 

learning, reinforcement learning, assigning salience, reward anticipation and the 

associated reward prediction error (Juckel et al., 2006b; Bayer and Glimcher, 2005; Drew 

et al., 2007; Robbins and Everitt, 1996; Schultz, 1997). Patients with schizophrenia often 

show motivational impairments and as a result fail to pursue goal-directed behaviour, 

which particularly seems to be driven by aberrant DA functioning in reward-related 

brain areas (Kapur et al., 2005; Hartmann et al., 2014). Despite apparently normal 

hedonic experiences, patients rarely engage in behaviour that is directed to obtaining 

rewards and gaining pleasure (Strauss et al., 2014). This is suggestive of aberrant reward 

processing in schizophrenia, however findings thus far do not shed light on the 

underlying vulnerability on reward processing. Therefore, the purpose of the current 

study was to investigate the underlying neural mechanisms of reward processing in a 

non-clinical sample with an enhanced genetic risk of developing schizophrenia. Insights 

in neural correlates of reward processing in healthy siblings of schizophrenia patients 

may furthermore provide more insight on reward processing throughout the spectrum 

of the disorder.  

 Dopaminergic projections in the mesolimbic system and the fronto-striatal 

network arise in the ventral tegmental region and project to the PFC via the dorsal and 

ventral striatum (VS) (Kapur, 2003; Drew et al., 2007). Especially the projections from 

the ventral tegmental area/substantia nigra (VTA/SN) to the VS are central in the 
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assignment of salience and reward (Berridge, 2007; Zink et al., 2004), which causes 

attentional and behavioural resources to be redirected. Aberrant cortical-striatal 

functions and interactions may be associated with dysfunctions in different stages of 

reward processing. Two stages can be distinguished: reward anticipation (i.e. expecting 

to receive a reward) and reward consumption (i.e. receiving the actual reward). 

Neuroimaging research in healthy individuals has implied that these stages are based 

on different brain regions: reward anticipation has been linked to activation in a number 

of limbic regions, in particular the VS, the anterior cingulate cortex (ACC) and VTA/SN, 

whereas frontal regions, especially the medial prefrontal cortex (mPFC) and the right 

dorsolateral prefrontal cortex (dlPFC) have been associated with reward consumption 

(Knutson et al., 2001b; Knutson et al., 2003). The VS plays an essential role for the coding 

of reward prediction errors, learning stimulus-reward associations and action selection 

for obtaining rewards (Simon et al., 2010). The VS is active during events that are 

essential for survival, such as events related to food, sexuality and social interaction 

(Robbins and Everitt, 1996; Berridge and Robinson, 1998). Recent neuroimaging studies 

have provided ample support for the link between reward anticipation and VS 

activation in healthy subjects (Knutson et al., 2001a; Bjork et al., 2010; Rademacher et 

al., 2010; Urban et al., 2012). Regarding the reward consumption phase, a distinction 

can be made between two relevant activation patterns in the brain. First, activation of 

the mPFC seems to be linked to value representation and pleasure experience (Costa 

et al., 2010; Knutson et al., 2003). Secondly, the dlPFC may play an important role in 

translating these experiences into future goal-directed behaviours (Barch and Dowd, 

2010; Wallis, 2007). 

 A number of studies have been conducted on reward processing in 

schizophrenia, but the findings up to now are inconclusive. Performance on reward 

processing tasks sometimes indicates that patients are slower, demonstrated by 

reduced reaction times in patients compared to controls (Schlagenhauf et al., 2008; 

Nielsen et al., 2012b). On neural level, several studies indicate that patients with 

schizophrenia recruit less striatal activity during a widely used reward processing task, 

the Monetary Incentive Delay task, i.e. in unmedicated patients (Juckel et al., 2006b; 

Nielsen et al., 2012b; Schlagenhauf et al., 2009) and patients using typical antipsychotics 

(Juckel et al., 2006a; Kirsch et al., 2007; Juckel et al., 2006b; Nielsen et al., 2012a; 

Schlagenhauf et al., 2008). In contrast, several studies have shown a normal neural 

response to a reward processing task in patients with schizophrenia on atypical 



Reward processing in first-degree relatives 

 

47 

 

antipsychotics (Walter et al., 2009; Juckel et al., 2006a; Juckel et al., 2006b; Nielsen et 

al., 2012a; Schlagenhauf et al., 2008; Simon et al., 2010). 

 Moreover, neural correlates of reward processing seem to be associated with 

symptom severity in patients with schizophrenia. Abnormal activation in the VS during 

the processing of reward may be associated with deviant attribution of salience and 

with positive symptomology (Kapur, 2003). Indeed, using a reward processing task, 

Nielsen and colleagues (2012b) found a negative correlation between activity in the VS 

and positive symptoms; lower VS activity correlated with more severe positive 

symptoms. In addition, negative symptoms such as apathy have been associated with 

lower VS activation (Robbins and Everitt, 1996; Simon et al., 2010), which may be caused 

by dopamine abnormalities in the VS (Knutson et al., 2001a). Some studies investigating 

reward processing have found correlations between reduced VS activity and negative 

symptoms (Juckel et al., 2006a; Juckel et al., 2006b; Schlagenhauf et al., 2008; Simon et 

al., 2010).  

 Although research on patients is vital and yielded substantial knowledge so far, 

these results cannot clarify the contribution of the genetic risk to abnormal reward 

processing in schizophrenia. The strongest known predictor of a disorder in the 

schizophrenia spectrum the presence of an affected first degree relative. This genetic 

risk accounts for a 8 to 12 times increased risk (Kendler and Diehl, 1993; MacDonald et 

al., 2008; Stone et al., 2005). Defining schizophrenia phenotypes that reflect the genetic 

liability to schizophrenia in nonpsychotic relatives can give more insight in the spectrum 

of the disorder. Moreover, behavioural and especially neuroimaging findings from 

patients are difficult to interpret, due to D2 blocking effects of antipsychotic medication, 

which changes striatal activation (Pessiglione et al., 2006), chronic hospitalization, and 

the potential neurotoxic effects of schizophrenia (MacDonald and Schulz, 2009). Thus, 

investigating reward processing in first degree relatives eliminates the possible 

biological changes secondary to the acute psychotic state and the effect of medication. 

Only two recent studies have investigated reward processing in relatives of patients so 

far, reporting blunted VS activity in siblings (de Leeuw et al., 2014) and other first-

degree relatives (Grimm et al., 2014), in the absence of behavioural differences. The 

present study includes a larger homogeneous first-degree relatives (siblings) sample 

using a neutral modified version of the MID task. 

 The aim of the present study was to examine the underlying neural 

mechanisms of reward processing in siblings of patients with schizophrenia. We 
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expected to find: a) no behavioural differences between the groups in terms of accuracy 

and reaction times on reward processing task, since the sample is non-clinical; b) 

reduced activation of the VS, ACC and VTA/SN during reward anticipation in siblings 

compared to controls; c) reduced activation in the mPFC and the right dlPFC during 

the consumption of reward in siblings versus controls, d) any blunted fMRI responses 

are expected to be negatively correlated with subclinical symptom severity (positive 

and negative). To investigate this, we acquired functional magnetic resonance imaging 

(fMRI) data on 94 healthy siblings of patients with schizophrenia and 57 healthy controls 

while participating in a monetary incentive delay (MID) task tapping into reward 

anticipation and reward consumption. 

 

Methods 

Subjects 

The subjects were 94 healthy siblings of patients with schizophrenia, and 57 healthy 

control subjects. The sample (N = 151) was recruited from a multi-centre (Amsterdam, 

N = 81; Groningen, N = 70) add-on study from the Dutch Genetic Risk and Outcome in 

Psychosis (GROUP) project (https://www.group-project.nl) and had an age range 18-60 

years. Inclusion criteria for all subjects were: able and willing to give an informed 

consent and a good command of the Dutch language. The main exclusion criterion for 

the control group, and not for the sibling group, was: a personal and family history of 

a psychotic disorder. Further exclusion criteria consisted of MRI contraindications such 

as metal implants, prostheses, pregnancy, history of claustrophobia or epilepsy. The 

study was approved by the local ethics committees in Amsterdam and Groningen and 

conducted with strict compliance to ethical standards. 

 

Experimental design 

Subjects completed a modified version of the Monetary Incentive Delay (MID) task 

(Knutson et al., 2001b). In the current version, three levels of reward anticipation were 

visually cued: large reward, small reward, or no reward (control trial). The participants’ 

reaction time of a button press to a target determined whether the reward outcome 

was successful (within the target presentation time) in each trial. The two phases of 

interest are the anticipatory phase (during the cue presentation); and the outcome 

phase (trial outcome presentation). Event durations were randomly assigned to the 
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trials in each run, but equal for each participant, and summing up to a fixed total trial 

duration of 18.5 s (semi-random jittered). Each trial (Figure 1) consisted of 1) reward cue 

(semi-random jittered duration: 2000 - 7750 ms): a large green arrow pointing up 

indicating a potential reward of € 5 (large reward), a small green arrow pointing up 

indicating potential reward of € 0.5 (small reward), or a small green arrow pointing up 

combined with a red one pointing down (control trial, no reward), 2) target: 

presentation of a brief ‘target’ square (duration initially 250 ms, then adjusted by an 

algorithm to ensure 66 % success), 3) fixation 1: a delay of 2000 - 7750 ms (semi-random 

jittered), 4) reward outcome: presentation of the outcome of the trial (semi-random 

jittered 2000 - 7750 ms), 5) fixation 2 (semi-random jittered 2000 - 7750 ms). 

 All participants performed three runs of 31, 32 and 33 trials each, in randomized 

order. Half of the 96 trials were control trials (48) and the other trials were equally 

divided between large and small reward (24 each). One run lasted approximately 8 

minutes, depending on how many trials there were in the run. To increase their 

motivation, participants were told that if they performed above average, they could 

earn a bonus of € 5, in addition to the payment earned by participation in the study. 

For ethical reasons, all participants received this bonus at the end of the session. 

Figure 1 | Monetary Incentive Delay task: an example of a successful large reward trial 

displaying all events and durations in the trial. 
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Subclinical symptom assessment 

The Community Assessment of Psychic Experience (CAPE) is a questionnaire based on 

self-report (http://www.cape42.homestead.com). It measures the lifetime prevalence of 

psychotic-like experiences in the general population. Results from previous research 

indicates that these self-reported psychotic-like experiences are stable, valid and 

reliable (Konings et al., 2006). The questionnaire consists of 42 items within three 

dimensions: positive (20 items), negative (14 items) and depressive symptoms (8 items). 

The CAPE answers are rated on two 4-point Likert scales; one to indicate the frequency 

of symptoms and one to indicate the distress the symptoms inflict. The CAPE scores 

provide a total score per dimension by adding the frequency and distress scores of 

each item in these dimensions (item scores range from 1 to 4). In this study, the Dutch 

translation of the CAPE was used.  

 

Scanning parameters 

Imaging data were acquired on two 3.0 Tesla whole body scanners (Philips Intera, Best, 

NL) located at the University Medical Center Groningen and at the Academic Medical 

Centre in Amsterdam. Both systems were equipped with an 8-channel SENSE head coil 

and the scanning parameters were set in an identical way. Foam padding was placed 

around the subject’s head in the coil to minimize head movement. The functional 

images were acquired by a T2*-weighted echo-planar imaging sequence scanning 40 

axial slices of 2.4 mm thick with 1 mm gap, providing complete brain coverage. The in-

plane resolution was 2.8 x 2.8 mm (FOV 224 x 224), TR = 2.00 s; TE = 25 ms. There were 

258 volumes per run. For anatomical reference, a T1-weighted image (170 slices; 

isotropic voxels of 1 mm; TR 9 ms; TE 3.54 ms; α 8º ; FOV 256 mm) was acquired in the 

bicommissural plane, covering the whole brain. Physiological data (ECG) during the task 

were also measured, but these data are not included in the current analyses as they are 

beyond the scope of this report. 

 

Statistical analyses 

Behavioural analyses 

The demographical and behavioural data were analysed using SPSS, version 20 (SPSS, 

IBM, Chicago, Illinois). Differences in group characteristics were examined with 
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independent samples t-tests. Since the subclinical symptom scores have a non-normal 

distribution they were examined with Mann-Whitney U tests. Accuracy (i.e. percentage 

of successful, on time button presses) and reaction time (i.e. time between target 

presentation and button press, for all responses) were used as dependent variables, 

and analysed by the ANCOVA module, with group (siblings, controls) as fixed factor 

and scanning site as covariate. Separate analyses were run for large and small reward 

trials. 

 

Preprocessing of imaging data 

The imaging data was analysed using Brainvoyager QX, version 2.8 (Brain Innovation, 

Maastricht, The Netherlands). Preprocessing of the functional time-series consisted of 

slice scan-time correction, 3D motion correction, temporal high pass filtering (0.01 Hz) 

including linear trend removal, and modest temporal Gaussian smoothing (FWHM = 3 

s). Finally, spatial smoothing using a 3D Gaussian kernel (FWHM = 6 mm) was 

performed. The preprocessed functional data were then coregistered to each individual 

anatomical scan, and resampled to 3x3x3 mm resolution in Talairach space resulting in 

normalized 4D volume time-course data. For each run of each subject, a stimulation 

protocol was created defining the onsets and offsets of the events. Using these 

protocols, design matrices were computed by convolving each event with a standard 

hemodynamic response function. The final design matrices contained 6 predictors of 

interest: reward cue (3x: control, small, large), indicating the anticipation of reward, and 

reward outcome + fixation 2 (3x: win, no win, control), indicating the consumption of 

reward. Additionally, there were 6 predictors-of-no-interest: target (3x: control, small, 

large) and fixation 1 (3x: control, small, large). In the anticipation phase, we were 

interested in the anticipation of different kinds of reward (no reward, small reward and 

large reward). In the reward consumption phase, we were interested in trials were 

participants actually won (win trials). 

 

Whole-brain analyses 

A voxel-wise, random-effects, whole-brain General Linear Model (GLM) was run to 1) 

identify the general activation pattern evoked by reward processing in the used task, 

by contrasting the reward anticipation (small + large reward combined) and reward 

consumption (small + large reward combined, were subjects actually won) events with 
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the control trials (Bonferroni corrected at p < .001) and 2) to explore group differences 

in reward processing. To examine group effects, a second-level analysis of covariance 

(ANCOVA) was run on the reward anticipation and consumption predictors (small + 

large combined), with group as between factor, and scanning site as covariate. To 

correct for multiple comparisons, a cluster-extent threshold (alpha < 0.05) determined 

by Monte Carlo simulations with 1000 iterations was applied to the resulting maps 

(Forman et al., 1995) based on an initial threshold of p < 0.01 (Goebel et al., 2006) across 

the whole-brain volume. For the group*anticipation map, the resulting spatial cluster 

threshold was 31 voxels / 812 mm3. For the group*outcome map, the resulting spatial 

cluster threshold was 18 voxels / 460 mm3. For each active cluster remaining after 

applying this threshold, individual beta weights (separately for small reward and large 

reward during the anticipation phase, and separately for win trials during the outcome 

phase) were extracted for visualization of the direction of the group differences, the 

differences between large and small reward and to investigate correlations with the 

symptom scores. 

 

ROI-based analyses 

We complemented the whole-brain analyses with analyses using a priori defined 

regions-of-interest (ROI’s; Table 1 Supplementary material), based on the Talairach 

coordinates from previous research (Nielsen et al., 2012b). Different regions were used 

as ROI’s for the reward anticipation and reward consumption phases, due to the finding 

that these two phases recruited distinct brain regions in previous research (Knutson et 

al., 2003). For the reward anticipation phase, four regions - the VTA/SN, right and left 

ventral striatum (VS), and anterior cingulate cortex (ACC) - were defined in line with 

their known role during reward anticipation. For the reward consumption phase, two 

regions - the medial prefrontal cortex (mPFC) and right dorsolateral prefrontal cortex 

(DLPFC) - were defined, due to their association with evaluation of rewarding outcomes. 

The ROI’s for the smaller brain regions (i.e. left and right VS, and VTA/SN) were created 

with a 5 mm sphere centred around the published coordinates. For the larger brain 

regions (i.e. ACC, mPFC and DLPFC), 10 mm spheres where used. ANCOVA analyses 

with group as between-subjects factor and scanning site as a covariate were run, on 

the averaged time-courses per ROI, using the individual design matrices. The results of 

the ROI-based analyses were corrected at alpha levels of .0125 per test (.05/4; 

Bonferroni corrected) for regions tested during reward anticipation (4 ROI’s) and .025 
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per test (.05/2; Bonferroni corrected) for regions tested during reward consumption (2 

ROI’s). For each ROI, individual beta weights were extracted to investigate correlations 

with symptom scores. 

 

Results  

Demographics 

The demographic group characteristics are displayed in Table 1. There were no 

significant differences between siblings and controls in terms of gender (t (149) = 1.49, 

p = .137), education (t (149) = -1.02, p = .312), and handedness (t (149) = .23, p = .816). 

Table 1  

Participant characteristics 

 Siblings (N = 94) Control group (N = 57) 

 Mean / N SD / % Mean / N SD / % 

Age 36.4 10.1  

(range 22-

55 years) 

32.2 8.4  

(range 20-

59 years) 

Gender 

   Men 

   Women 

 

41 

53 

 

43.6 

56.4 

 

32 

25 

 

56.1 

44.9 

Handedness 

   Right 

   Mixed 

   Left 

 

77 

2 

15 

 

81.9 

2.1 

16 

 

48 

8 

1 

 

84.2 

14 

1.8 

Education 

   University (academic) 

   University (vocational) 

   Vocational education 

   High school 

 

26 

38 

26 

4 

 

27.7 

40.4 

27.7 

4.3 

 

21 

14 

12 

2 

 

36.8 

38.6 

21 

3.6 

CAPE scores 

   Positive (range 40-160) 

   Negative (range 28-112) 

   Depressive (range 16-64) 

 

46.38 

49.61 

29.58 

 

8.22 

17.81 

9.64 

 

46.67 

48.33 

28.51 

 

9.41 

16.81 

10.67 

Task Accuracy (% HITS) 

   Control trial 

   Small reward trial 

   Large reward trial 

Task Reaction time (ms) 

   Control trial 

   Small reward trial 

   Large reward trial  

 

43.62 

58.38 

57.34 

 

291.07 

272.77 

269.36 

 

15.25 

15.33 

14.44 

 

40.45 

30.96 

31.52 

 

42.32 

59.84 

57.42 

 

291.99 

269.29 

269.19 

 

14.31 

14.64 

15.04 

 

34.62 

24.75 

27.06 
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There was a significant group difference for age (t (149) = 2.77, p = .006), with controls 

having a higher mean age than siblings. However, with the mean age of the relatives 

and the control group respectively being 32 years and 36 years, we do not expect an 

effect of age on behavioural or neural mechanisms. There were no significant 

differences between CAPE scores; positive dimension (z = -.64, p = .949, with a mean 

rank of 67.66 for siblings and 67.22 for controls), negative dimension (z = -.312, p = 

.755, with a mean rank of 68.29 for siblings and 66.12 for controls) and depressive 

dimension (z = -.840, p = .401, with a mean rank of 69.64 for siblings and 63.80 for 

controls).  

 

Behavioural results  

The percentage of hits (accuracy) and the reaction times are displayed in Table 1. There 

were no significant differences between siblings and controls for either the large reward 

trials, in terms of accuracy (F (1,148) = .001, p = .975) or reaction time (F (1,148) = .02, p 

= .897), small reward trials (F (1,148) = .369, p = .544; (F (1,148) = .77, p = .381) or control 

trials (F (1,146) = .154, p = .695; F (1,146) < .001, p = .993), respectively. 

 

fMRI results 

Whole-brain analyses: overall task effect 

First, we evaluated the overall task effect to see if the task produced the expected 

activation patterns for reward processing. In Figure 2a the regions active for the whole 

sample during the anticipation of reward (any kind of reward; small or large reward), 

contrasted with the control trials without reward, are displayed. We observed robust 

activation in important reward-related areas; a substantial region in and near the 

caudate, including the VS, a sizable region at the red nucleus containing part of the SN, 

and the mid/anterior cingulate cortex (Table 2 in the Supplementary material). For the 

outcome phase, areas relevant in reward consumption showed activation, including a 

wide range of other frontal brain areas and, more importantly, including reward-related 

areas such as parts of the mPFC and the right dlPFC (Figure 2b and Supplementary 

Table 3). 
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Whole-brain analysis: group effects 

The whole-brain ANCOVA showed an effect of group during the reward anticipation 

phase in several brain regions: the insula, posterior cingulate, medial frontal gyrus and 

the paracentral lobule (Figure 3 and Table 2). The extracted beta-weights indicate that 

the anticipation of reward was associated with less deactivation in siblings compared 

to controls in the insula, posterior cingulate and MFG, and a positive activation 

compared to deactivation in the paracentral lobule (bar graphs in Figure 3).  

Figure 2 | Brain activation patterns for the whole-brain overall task effect (reward trials > 

control trials) shown on an anatomical scan of one of the control participants a) in the 

reward anticipation phase for overall reward (small and large reward together), b) in the 

reward consumption phase (win trials > controls trials). VS = ventral striatum, ACC = anterior 

cingulate cortex, VTA = ventral tegmental area, SN = substantia nigra, mPFC = medial 

prefrontal cortex, dlPFC = dorsolateral prefrontal cortex. 
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Table 2  

Brain areas with a significant main effect of group during anticipation of reward  

Cerebral Regions* 

 

Siblings > Controls 

Reward Anticipation > 

Baseline 

 

 

 

Hemisphere 

 

 

 

Brodmann area 

Talairach 

coordinates 

 

 

Cluster size 

Nr. Of voxels 

(mm3) 

x y z 

       

Insula Right 13 38 -18 20 911 

Posterior Cingulate Right 23 2 -63 15 14086 

Medial Frontal Gyrus Right 10 3 52 6 4869 

Paracentral Lobule Left 5 -1 -40 51 1204 

* Corrected cluster-level threshold of p < 0.01 

 

Figure 3 | Inner panel; group differences during anticipation of reward depicted on an 

anatomical scan of one of the control participants (p < .05, cluster-level corrected). Outer 

panels; the difference in percent signal change between small and large rewards in these 

regions for siblings and controls. MFG = medial frontal gyrus, PCC = posterior cingulate 

cortex. 
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Within these brain regions percent signal change for small and large reward are 

displayed separately, but they were not different in any of the regions (paired t-test for 

small reward versus large reward: insula; t (150) = .515, p =.607, PCC; t (150) = .-1.123, p 

=.263, MFG; t (150) = -.274, p =.784, paracentral lobule; t (150) = .-1.373, p =.172). The 

whole-brain ANCOVA showed an effect of group during the reward consumption 

phase within the bilateral medial frontal gyrus, posterior cingulate and the right 

precuneus (Table 3, Figure 4), again with siblings showing less deactivation than 

controls in the time period when subjects received their rewards.  

 

 

Figure 4 | Upper panel: the whole-brain group effects during win trials in the reward 

consumption phase displayed on an anatomical scan of one of the control participants 

(p < .05, cluster-level corrected). Lower panel: group differences (% signal change) 

during consumption of reward in the regions with a whole-brain group effect. MFG = 

medial frontal gyrus, PCC = posterior cingulate cortex. 
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ROI analyses 

A priori defined ROI’s were analysed separately for the reward anticipation phase and 

the consumption phase. For the reward anticipation, there were no significant group 

differences for the left VS: for small reward F (1,148) = 2.09, p = .151, and large reward 

F (1,148) = 1.88, p = .172, right VS: for small reward F (1,148) = .08, p = .772, and large 

reward F (1,148) = .79, p = .377, ACC: small reward F (1,148) = .37, p = .542, and large 

reward F (1,148) = .80, p = .372, VTA/SN: small reward F (1,148) = 1.16, p = .283, and 

large reward F (1,148) = .82, p = .368. For the win trials in the outcome phase, no 

significant group difference were found in the mPFC F (1,148) = 1.95, p = .165, and the 

dlPFC F (1,148) = .21, p = .647. 

 

Correlations with symptoms 

In the regions that showed an effect of group in the whole-brain analyses (see Figures 

3 and 4), we calculated the correlation between the fMRI response strength (beta 

estimates for anticipation and outcome phases) and the CAPE scores (Figure 5). We 

eliminated extreme outliers (mean ± 2 sd) in beta values to ensure that possible 

correlations were not driven by outliers. Due to non-normal distribution of the 

subclinical symptom scales, we performed Spearman’s rank correlations. In siblings, 

there was a positive correlation between insula activation, where a group effect of 

reward anticipation was found, and negative symptoms (r = .27, p = .014). In addition, 

response strength in the precuneus, where a group effect was shown during reward 

Table 3  

Brain areas with a significant main effect of group during the consumption of reward  

Cerebral Regions * 

 

Siblings > Controls 

Outcome Win > 

Baseline 

 

 

 

Hemisphere 

 

 

 

Brodmann area 

Talairach 

coordinates 

 

 

Cluster size 

Nr. Of voxels 

(mm3) 

x y z 

       

Precuneus Right 39 42 -69 33 514 

Posterior Cingulate Right 23 4 -55 19 2596 

Medial Frontal Gyrus Right 10 11 40 -4 1152 

Medial Frontal Gyrus Left 10 -1 57 12 1001 

* Corrected threshold of p < 0.01 
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consumption, correlated positively with subclinical positive symptoms in siblings (r = 

.23, p = .036). In controls, we did not find any significant correlations between fMRI 

response strength and subclinical symptom scores in the regions with a group effect in 

the whole-brain analyses. 

 Likewise, we calculated correlations between subclinical symptoms and fMRI 

response strength in the a priori defined ROIs. For siblings, in the anticipation phase, a 

significant positive correlation was found between activation in the right VS and scores 

in the positive dimension (r = .30, p = .005). In the control group no correlations 

between brain activity and symptom scores were found in the a priori defined ROIs. 

 

 

Discussion 

The aim of this study was to investigate the underlying neural mechanisms of reward 

processing in siblings of patients with schizophrenia. First, we confirmed the absence 

of behavioural differences between groups, as was in line with previous research (de 

Figure 5 | Correlations between fMRI response strength and subclinical symptoms in the 

a) ROI; right ventral striatum (VS) in the reward anticipation phase, b) whole-brain group 

effect region (insula) in the anticipation phase, c) whole-brain region with a group effect 

(precuneus) in the reward consumption phase. 
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Leeuw et al., 2014; Grimm et al., 2014) and we confirmed that the task activated the 

intended reward-related brain regions during anticipation and consumption of reward. 

 In the reward anticipation phase, we did not find the expected blunted 

response in the VS in siblings or in the other a priori defined ROIs (VTA/SN and ACC). 

The whole-brain analyses, however, revealed differences between groups during the 

anticipation of reward in the insula, the PCC, the MFG and the paracentral lobule. 

Looking closer at these activations, siblings apparently showed less deactivation 

compared to healthy controls in the insula, the PCC, the MFG. This lack of deactivation 

in the PCC and the medial frontal region may be related to abnormalities in the default 

mode network (DMN), which includes these areas (Raichle et al., 2001). Research in 

healthy subjects on the DMN indicates that the mPFC is activated during construction 

of mental simulations and receives input from the medial temporal lobe. Information 

from these two regions may subsequently be integrated by the PCC (Buckner et al., 

2008). This network has been regarded as an underlying network in mental mind 

wandering/mental time travel, theory of mind and perspective taking, all constructions 

of complex self-referential stimuli (Buckner and Carroll, 2007; Mason et al., 2007; 

Molnar-Szakacs and Arzy, 2009). Normally, the DMN demonstrates decreases in 

activation during task-related cognitive processes (Buckner et al., 2008). In patients with 

schizophrenia, aberrations in the DMN have been reported in previous studies: i.e. an 

overall heightened activation of DMN structures during cognitive tasks was observed 

(Pomarol-Clotet et al., 2008; Whitfield-Gabrieli et al., 2009). DMN abnormalities have 

been demonstrated in siblings and other first degree relatives of patients with 

schizophrenia in previous studies as well; reduced task related suppression (Garrity et 

al., 2007), abnormally high functional connectivity (Whitfield-Gabrieli et al., 2009) or 

reduced functional connectivity (Jang et al., 2011). Possibly, less deactivation in the MFG 

and the PCC during reward processing may signal a failure to fully disengage from the 

default-mode and thus engage neural resources underlying reward-related behaviour. 

Furthermore, these results may suggest that reward processing in siblings has higher 

processing demands and that reward processing may be more internally-focused, since 

the DMN is more active during internally-focused tasks (Buckner et al., 2008). 

 A different interpretation is necessary for the finding of less activation in the 

right insula, since this region is not part of the DMN. In contrast to our findings, in 

another study investigating reward in siblings, the insula was found to show decreased 

activity compared to healthy controls instead of less deactivation (de Leeuw et al., 2014). 

This is in line with earlier findings in patients (Morris et al., 2012), and individuals with a 
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high clinical risk (Juckel et al., 2012). It could be explained by impaired DA function, 

since DA is an important neurotransmitter for insular function (Wylie and Tregellas, 

2010). However, since we found DMN hyperactivation in other regions in our study, the 

finding of less deactivation in the right insula in siblings could possibly be related to a 

different brain mechanism; a cognitive task control or salience network (Dosenbach et 

al., 2007; Seeley et al., 2007). This network is formed by the insula and ACC and is 

thought to play a pivotal role in the disengagement of the DMN and engagement of 

task-related networks (Menon and Uddin, 2010). Moreover, it has been hypothesized 

that this network may not function normally in patients with schizophrenia 

(Palaniyappan and Liddle, 2012; White et al., 2010). Reward processing abnormalities in 

schizophrenia may be a consequence of abnormal interactions between the salience 

network – insula and ACC – and the brain’s reward processing network. Furthermore, 

Gradin and co-authors (2013) found reduced functional connectivity in patients with 

schizophrenia between dopaminergic midbrain regions and the right insula, which was 

associated with more severe positive, psychotic symptoms (Gradin et al., 2013). In a 

study including individuals who experience occasional mild psychotic symptoms, but 

are otherwise healthy, the authors found a positive correlation between connectivity in 

the cingulo-opercular (CO) network and positive symptoms. The cingulo-opercular 

network is composed of anterior insula, dorsal anterior cingulate cortex, and thalamus 

(Orr et al., 2014). In contrast, in the present study, we found a positive correlation 

between the insula fMRI signal strength and negative symptoms. 

 Despite the lack of a main effect of group in the a priori, anatomically defined 

ROIs in the anticipation phase, we did find a positive correlation between right VS 

activity and positive symptoms in siblings and not in controls. Thus, in absence of 

differences between siblings and controls in the recruitment of these reward-related 

brain regions, there seems to be a relation between reward-related activity and 

subclinical symptoms in siblings. In future studies, this result needs to be explored 

further, possibly with PET studies to investigate DA and DA-receptor levels, and see if 

the correlation could be due to an increase in DA in the striatum. The correlation found 

between subclinical positive symptoms and activity in the right VS was only found in 

siblings, despite the fact that there were no significant differences in CAPE scores or 

activation differences in the VS between siblings and controls. This indicates that only 

in siblings, the reward processing system may indeed be related to positive symptoms. 

 In the reward consumption phase, we did not find the expected group 

differences in the predefined regions of interest; the mPFC and the dlPFC. However, in 
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the whole-brain analysis, we found four brain regions where siblings showed more 

activation than controls. Specifically, less deactivation was observed in the bilateral 

MFG, the PCC. Again, these regions are part of the DMN and similar to the anticipation 

phase, the findings may reflect less task-related suppression of activation. These results 

may indicate that, for siblings, increased processing demands during reward processing 

are present at the time of reward consumption as well as reward anticipation. Siblings 

showed more activation in the precuneus compared to controls and this activation was 

associated with subclinical positive symptoms, replicating the findings a previous study 

in patients (Garrity et al., 2007).  

 Taken together, our findings do not point to deficits in classical reward-related 

brain areas. Nonetheless, the results do indicate that abnormal neural responses are 

present during reward processing in siblings of patients with schizophrenia, which may 

suggest reward processing deficits are at least partly caused by the genetic load in 

schizophrenia. The lack of disengagement of the DMN may reflect increased processing 

demands on reward-related tasks for siblings, even though this is not yet manifest at 

the behavioural level. In addition, our results point to the probability of a spectrum of 

abnormal network (reward regions, DMN, salience network) functioning and aberrant 

connectivity underlying the psychosis continuum. The results further support the 

relevance of the study of first-degree relatives of patients to enhance our 

understanding of genetic and pathogenic processes. 

 Future studies should shed more light on the relation between the different 

networks that seem disturbed in schizophrenia and relatives, such as the reward 

network, the DMN and the salience network. Specifically, communication between 

reward-related areas and other networks might be the underlying endophenotype of 

reward-related symptoms in schizophrenia. In addition, investigating the DMN in first-

degree relatives of patients with schizophrenia may further highlight the importance of 

the DMN in the pathophysiology of schizophrenia and DMN abnormalities as a possible 

endophenotype in schizophrenia. 
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Supplementary Material 

 

Supplementary Table 1  

A priori defined regions of interest (ROIs) 

 Talairach coordinates 

x y z 

 

 

   

Left VS -10 5 4 

Right VS 11 5 1 

VTA / SN -1 -20 -10 

ACC -4 26 29 

mPFC 3 39 25 

dlPFC 40 56 12 

Note. Talairach coordinates are based on Nielsen et al. (2012b) 

  

Supplementary Table 2  

Brain regions showing a main effect of the reward task in the anticipation phase 

Cerebral Regions* 

 

Task effect 

Large+Small Anticipation 

> Control Anticipation 

 

 

 

Hemisphere 

 

 

 

Brodmann 

area 

Talairach 

coordinates 

 

 

Cluster size 

Nr. of voxels 

(mm3) 

x y z 

 

 

      

Precentral gyrus Right 6 41 -10 49 1635 

Inferior Frontal Gyrus Right 13 32 23 8 841 

Caudate Left - -1 6 5 14292 

Medial Frontal Gyrus Right 6 1 -3 51 14117 

Precentral Gyrus Left 4 -36 -22 51 8287 

Red Nucleus Left - -3 -22 -4 1212 

* Bonferroni corrected at p = .001 
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Supplementary Table 3 

Brain regions showing a main effect of task in the reward consumption phase 

Cerebral Regions* 

 

Task effect 

Outcome Win > Control 

Outcome 

 

 

 

Hemisphere 

 

 

 

Brodmann 

area 

Talairach 

coordinates 

 

 

Cluster size 

Nr. of voxels 

(mm3) 

x y z 

 

 

      

Lingual Gyrus Right 18 3 -67 2 145815 

Middle Frontal Gyrus Right 46 44 28 20 16882 

Parahippocampal Gyrus Right 35 18 -20 -10 411 

Superior Frontal Gyrus Right 8 13 35 48 641 

Cingulate Gyrus Left 31 0 -34 31 4849 

Precuneus Right 7 2 -68 34 2158 

Medial Frontal Gyrus Left 9 0 42 29 12690 

Middle Frontal Gyrus Left 9 -46 8 34 6184 

Inferior Frontal Gyrus Left 46 -48 43 10 426 

Inferior Frontal Gyrus Left 47 -49 20 -5 497 

Middle Temporal Gyrus Left 21 -63 -39 -8 739 

* Bonferroni corrected at p = .001 
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Abstract 

Patients with a disorder in the schizophrenia spectrum demonstrate impairments in 

reward learning. A reduced sensitivity to social reward may impede social beyond non-

social reward learning mechanisms. The aim of the current study was to investigate 

social and non-social reward learning in schizophrenia spectrum disorders by means 

of two interactive game-theoretical investment paradigms. Unaffected first-degree 

relatives of patients were included to examine whether (social) reward-learning 

impairments are part of a familial vulnerability in the schizophrenia spectrum. We 

included 50 patients with a diagnosis in the schizophrenia spectrum, 20 unaffected first-

degree relatives of patients and 49 healthy controls. The trust game (social) and the 

lottery game (non-social) were used, consisting of 20 game trials each. The game 

paradigms were programmed to increase the likelihood of higher repayments in 

response to increased investments. Multilevel regression analyses were used to 

examine learning over trials in both contexts. The results showed that controls learned 

equally well in social and non-social contexts, as reflected in an increase of investments 

over game rounds in both paradigms. In contrast, patients and relatives showed 

reduced reward learning, regardless of its social or non-social nature, reflected by 

flatter or decreasing slopes over game rounds in both paradigms. The findings suggest 

that patients and relatives have a general reduced sensitivity to reward, which appears 

to reflect a familial vulnerability rather than illness related mechanisms. Results indicate 

that reward learning may be an important marker for the familial risk to schizophrenia 

spectrum disorders. 
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Introduction 

Reward learning, i.e. increasing or decreasing behaviour as a function of the 

consequence that follows it, e.g. a reward (Schultz, 2015; Berridge, 2000), underlies 

motivated and goal-directed behaviour that plays a key role in almost all aspects of 

daily life. Previous studies have shown that patients with a disorder in the schizophrenia 

spectrum demonstrate abnormalities in reward learning and that these abnormalities 

are related to dysfunctions in the dopaminergic system (Howes and Kapur, 2009; 

Murray et al., 2008b; Schlagenhauf et al., 2014). Moreover, reward learning deficits seem 

to be related to positive symptoms, such as paranoia (Fett et al., 2012b; Gromann et al., 

2013), suggested to be caused by aberrant salience attribution (Fletcher and Frith, 2009) 

and negative symptoms, such as the lack of motivation (Strauss et al., 2011; Nestor et 

al., 2014; Waltz et al., 2011; Lewandowski et al., 2016). 

Compared to non-social reward processing, processing social rewards is more 

complex, as it requires unique social information processing skills (e.g. processing of 

social cues and social valuation (Behrens et al., 2008) and mentalising abilities (Van 

Overwalle, 2009; Frith and Frith, 2006b). It has been shown that patients with a 

schizophrenia spectrum diagnosis direct less attention to social stimuli (Zivotofsky et 

al., 2008; Walsh-Messinger et al., 2014) and that they fail to show the same enhanced 

recognition for social stimuli as healthy controls (Harvey and Lepage, 2014). These 

impairments in social information processing may give rise to impairments in social 

reward learning and social decision making and may be independent from and go 

beyond abnormalities in more general reward-related processes. This is, for example, 

suggested by studies investigating the influence of neuropeptides, e.g. oxytocin, which 

plays a key role in social behaviour, that demonstrate a specific effect on social rewards 

and not non-social rewards (Baumgartner et al., 2008; Skuse and Gallagher, 2009). 

Therefore, this study aims to explore the impact of social and non-social rewards on 

learning in the schizophrenia spectrum. 

Research shows that healthy individuals perceive social interactions as 

rewarding (Krach et al., 2010), and that this in turn motivates social behaviour. An 

aberrant sensitivity to the rewarding nature of social interactions may underlie social 

dysfunctions in daily life, reflected in patients’ difficulties maintaining interpersonal 

relationships with family and friends (Burns and Patrick, 2007; Pinkham and Penn, 2006). 

The social nature of the disorder is also reflected in some of the key characteristics of 

the disorder, e.g. social withdrawal (i.e. preference for being alone), distrust, and a lack 
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of motivation to engage in social interactions (Penn et al., 2008; American Psychiatric 

Association, 2013). Social anhedonia, i.e. a lack of reward/lack of pleasure from social 

interaction, is not only seen once the disorder is developed, but is considered as a risk 

factor for the development of a disorder in the schizophrenia spectrum (Kwapil, 1998). 

Understanding how social and non-social reward processing influence decision making 

and motivation in social and non-social situations will help unravel the underlying 

mechanisms of social dysfunction in schizophrenia spectrum disorders. 

 Many psychiatric disorders are associated with alterations or impairments in 

social-decision making, which can be measured with neuro-economic exchange 

paradigms (Hinterbuchinger et al., 2018). One way to measure social reward learning 

directly during social interactions is by means of the trust game (Berg et al., 1995; King-

Casas et al., 2005). A multi-round trust game taps into social reward learning 

mechanisms, which is reflected in activation in reward related brain areas such as the 

caudate nucleus during cooperative interactions (Delgado et al., 2005; King-Casas et 

al., 2005). Studies employing the trust game in schizophrenia samples have shown that 

patients fail to use social feedback to adapt their trusting behaviour to the counterparts’ 

behaviour over repeated interactions (Fett et al., 2012b; Gromann et al., 2013). Research 

in first episode patients shows contrasting results: intact learning in interactions with a 

cooperative and unfair partner (Lemmers-Jansen et al., 2019), decreased learning in 

interactions with a cooperative partner, but intact learning in unfair interactions 

(Campellone et al., 2018), and intact learning with a cooperative partner, but decreased 

learning in unfair interactions (Fett et al., 2016).  

 Studying unaffected first-degree relatives of patients with a diagnosis in the 

schizophrenia spectrum provides the opportunity to study an endophenotype, i.e. 

indicator of risk or vulnerability, without possible interfering effects of medication or 

other illness-related factors, such as stigmatization. While individuals at familial risk 

often show intermediate impairments on social cognitive functions (Lavoie et al., 2013), 

literature on (social) reward learning does not point to alterations in learning. Reduced 

trust was found at baseline in a relatives sample, but trust levels normalized when social 

feedback was given, suggesting that social reward learning was intact (Fett et al., 2012b). 

Other studies also demonstrate intact reward learning for non-social rewards (de Leeuw 

et al., 2014; Hanssen et al., 2015; Grimm et al., 2014) and social reward learning 

(Gromann et al., 2014) in individuals at familial risk. However, there are, to our best 

knowledge, no studies that compared social and non-social reward learning using real 

time investment games in the schizophrenia spectrum. 
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Therefore, the aim of this study was to investigate social and non-social reward learning 

in patients a schizophrenia spectrum diagnosis, unaffected first-degree relatives and 

controls. The trust game was used to examine social reward learning and a lottery game 

(identical to the trust game, except that it is played with a computer counterpart) was 

used to examine non-social reward learning. Both paradigms were programmed to 

reinforce increasing investments with a higher chance for repayment, so that learning 

is reflected by an increasing slope of investments over game rounds. We hypothesized 

that: 1) patients would show impairments in non-social reward learning and social 

reward learning, reflected in flatter slopes in the trust and lottery game, whereas 

controls and relatives would show similar slopes of social and non-social reward 

learning; 2) in patients, social reward learning impairments would be more severe than 

non-social reward learning impairments 3) in patients, social and non-social reward 

learning impairments would be associated with positive and negative symptoms. We 

expected these associations to be stronger for social reward learning, in line with the 

strong social component of some of the key symptoms: paranoia, social anhedonia, 

social withdrawal, lack of (social) motivation. 

 

Method 

Subjects 

Fifty patients with a diagnosis in the schizophrenia spectrum, 20 unaffected first-degree 

relatives of patients and 49 controls without a personal or family history of 

schizophrenia were included. Inclusion criteria for all participants were: 1) age between 

18 and 65, 2) good understanding of the English language, 3) IQ > 70. An additional 

inclusion criterion for patients was: a diagnosis in the schizophrenia spectrum according 

to the ICD-10 (WHO, 1992). Exclusion criteria for all participants were: 1) a history of 

neurological conditions, 2) a diagnosis of alcohol/drug dependence within six months 

of the study participation. The patient group was recruited via the South London and 

Maudsley National Health Service (SLaM NHS), Oxleas NHS, North East London 

Foundation Trust (NELFT) and South Essex Partnership University NHS Foundation Trust 

(SEPT), the SLaM ‘Consent for Consent c4c’ initiative, with support of the Mental Health 

Research Network and via other research projects within the Psychosis Studies 

department at the Institute of Psychiatry, Psychology, Neuroscience (IoPPN), Kings 

College London. Relatives were recruited via patients and via the organisations Rethink 

and Mind. Controls were recruited through online announcements on local websites 
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(e.g. Gumtree, Craigslist, Callforparticipants), via colleague researchers and circular 

emails for recruitment at the IoPPN. The study was approved by the London-Harrow 

Research Ethics Committee [14/LO/0071]. 

 

Measures 

Estimated cognitive ability 

To control for confounding by group differences in cognitive ability, an abbreviated 

two-test version of the Wechsler Abbreviated Scale of Intelligence (WASI) was used 

(Wechsler, 1999). The two-test version consisted of the vocabulary subtest, a verbal 

comprehension task consisting of 42 items and the matrix reasoning subtest, a 

perceptual reasoning task consisting of 35 incomplete grid patterns. 

 

Symptoms 

The Positive and Negative Syndrome Scale (PANSS) semi-structured interview was used 

to measure the symptom severity in patients (Kay et al., 1987), during a two week period 

prior to testing. Thirty items are scored to evaluate the severity of psychopathology on 

a 7-point Likert scale. 

 

Trust game  

To measure social reward learning, a multi-round trust game was used (Berg et al., 

1995; King-Casas et al., 2005; Gromann et al., 2013). In this neuro-economic computer 

based game, consisting of 20 trials, participants played the role of the investor. 

Participants were instructed that they played with a human counterpart in another 

location via the Internet, and the partner was the same in all 20 trials. In fact, they were 

playing against a computer that was pre-programmed to behave in a probabilistic 

manner. The opponent was programmed to be benevolent. The first repayment was 

either 1.0, 1.1, 1.2, 1.3, 1.4 or 1.5 times the first investment, with an equal chance for 

returns of each factor. After the first trial, the factors were updated depending on the 

amount being invested compared to the amount invested in the previous trial, i.e. 

whether this was an increase or decrease. When the investor’s current investment 

reflected an increase of trust relative to the prior investment or when participants 

continued to invest the maximum amount (£10), then an increment of 0.05 was added 
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to each of the randomly selected factors until each of the factors reached 1.6, thus 

reflecting higher repayments. Each factor decreased with the same increments (-0.05) 

when current investments reflected a decrease in trust from the previous investment or 

remained at the minimum (£0), with a minimum value of 1 for each factor, thus 

reflecting lower repayments. This way of programming ensured repayments that would 

resemble subtle changes in repayments in a probabilistic way. 

 At the start of each trust game trial the initials of the other player were 

displayed on the computer screen. Participants (investors) received an initial 

endowment of £10 and indicated, on a horizontal scale from zero to ten pounds, how 

much they wanted to share with the other player. The chosen amount was tripled 

during the transaction and after this the trustee gave the repayment. During the 

decision making of the trustee, participants saw the trustee’s initials on the screen with 

the message that they had to wait for a response. At the end of the trial, they saw their 

own total investments (kept and given amount) and total earnings for both players. 

After this a new trial started. 

 

Lottery game 

Non-social reward learning was assessed by means of the lottery game, consisting of 

20 trials. This game was identical to the trust game and the computer was pre-

programmed in the same probabilistic way. The only difference with the trust game 

was that participants were told that they were playing a lottery game with a computer. 

There was no display of initials and during the decision making phase prior to the 

repayment participants saw the message ‘waiting for the computer to respond’.  

 

Procedure 

All testing took place at the IOPPN. Participants gave written informed consent before 

start of the study. The study comprised of two visits, which were one week apart. The 

trust and lottery game were completed on the first and second visit to minimize 

cognitive load and carry-over effects. In the first session, participants first completed a 

demographic questionnaire. Second, they completed several practice trials before 

playing the trust game to make sure that they understood how the game worked. All 

participants were told that they would receive the earnings from one randomly selected 

round in the trust game, while in fact all participants received an extra payment of £5 
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for fairness reasons. After playing the trust game participants completed a brief 

evaluation questionnaire on whether they believed that they played with a real person. 

The question ‘did you have the idea that the other person in the task was unreal?’ was 

rated on a 7-point Likert scale (1 strongly disagree, 7 strongly agree) and used to control 

for credibility of the game. Last, they completed the PANSS interview, which was 

administered by a trained researcher.  

 The second session consisted of the participation in the lottery game, including 

practice trials, and the WASI vocabulary and matrix reasoning subtests. At the end of 

the study each participant received a payment for participation. 

 

Statistical analysis 

Statistical analyses were performed using STATA version 14 (StataCorp, 2015). We 

examined group differences in demographics using chi-square and regression 

analyses. Reward learning was analysed using mixed effects multilevel regression 

analyses to account for repeated measurements within persons, with investments as 

dependent variable and with group (patient, relative, control), task (trust vs. lottery 

game) and trial number (1-20) and their respective interactions as independent 

variables. Changes in investments over time, indicated by trial number, reflect (social) 

reward learning in the trust and lottery game. The analyses were controlled for gender 

and general cognitive ability. To investigate trial-to-trial investment changes, we 

examined the distribution of change behaviours within each task using chi-square tests. 

Specifically, we were interested three types of investment changes: no change, increase 

or decrease in investment in relation the previous trial. Within the patient group we 

used mixed effects multilevel regression analyses to examine associations between 

reward learning in the trust and lottery game and symptoms. 

 

Results 

Demographics 

Demographic information, clinical characteristics and task performance are shown in 

Table 1. The relatives group included significantly more females than the patient and 

control group. The estimated cognitive ability of patients was significantly lower 
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compared to controls and relatives. Controls and relatives did not differ significantly. 

There were no group differences in age.  

 

  

We examined whether credibility of the game, i.e. whether participants believed the 

other player in the trust game was real or not (21.85% expressed doubts about whether 

the other player was a real person, i.e. filled in ‘strongly agree’ on the question whether 

the other player was unreal), had an effect on investments. There was neither an effect 

of degree of belief on invested amounts (p = .49), nor was there an interaction between 

trial number and degree of belief (p = .12), i.e. no effect on learning. In addition, we 

examined whether trust and lottery game performance was correlated. For mean 

investments there was a significant correlation between the trust and the lottery game 

(r(118) = 0.43, p < .001). The slopes for investments in the lottery and the trust game 

did not show a significant correlation (r(118) = 0.08, p = .22). 

Table 1  

Demographics, clinical characteristics & task performance 

 

 

 

Demographics 

Controls  

(N = 49) 

Relatives  

(N = 20) 

Patients  

(N = 50) 

 

 

Group 

differences 

P-value 

for 

group 

effect* M  SD M  SD M  SD 

Gender (% male) 71.43  20.00  82.00  C, SZ ≠ R <.001 

Age 35.07 9.88 39.05 13.25 36.21 9.58  .59 

IQ 111.80 11.32 108.45 14.59 96.94 12.95 SZ < C, R < .001 

PANSS negative      14.92 4.98   

PANSS positive      13.18 4.36   

Medication (%) 

     Atypical 

     Typical 

     None 

 

 

    

80 

10 

10 

   

Task 

performance 

        

Mean investments 

trust game 

6.52 2.57 6.49 2.74 5.81 2.93 C, R > SZ < .001 

Mean investments 

lottery game 

6.84 2.65 6.07 2.76 6.12 2.95 C > R, SZ < .001 

Note. M = mean, SD = standard deviation, C = controls, SZ = schizophrenia patients, R = relatives  

*significance level p > .05 
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Social and non-social reward learning: investments over trials 

Learning in the trust and lottery game is shown in Figure 1. There was a significant 3-

way interaction between group, task and trial number (b = -.02, 95% CI [-.03, -.002], p 

= .03), showing that the association between task and learning over trials differed 

between groups. Post-hoc tests investigating the task and trial effect by group showed 

no significant interactions between task and trial number for any of the three groups 

(all p > .24), thus learning did not differ depending on the social or non-social nature 

of the rewarding stimulus. 

  

 

Analyses of main effects by group showed that controls increased investments over 

trials (b = .03, 95% CI [.003, .05], p = .03) and invested significantly less in the trust game 

compared to the lottery game (b = -.32, 95% CI [-.51, -.12], p = .001). Patients did not 

demonstrate any reward learning (p = .44), and invested significantly less in the trust 

game than the lottery game (b = -.31, 95% CI [-.53, -.09], p = .005). Like patients, 

relatives did not show any main effect of trial number (p = .86). Relatives invested 

Figure 1 | Trust and lottery game investments over trials shown for a) healthy controls, b) 

first-degree relatives of patients with schizophrenia, and c) patients with schizophrenia. 
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significantly more in the trust game than the lottery game (b = .42, 95% CI [.09, .74], p 

= .01). 

 

Changes in investment behaviour from trial-to-trial 

Within the lottery game, the distribution of changes in investment behaviour were 

different between groups [χ2 (4) = 13.33, p = .01]. Across the 3 types of investment 

changes (no change, increase or decrease) in relation to the investment in the previous 

trial, controls did not significantly differ from relatives [χ2 (2) = 3.16, p = .21]. Distribution 

of changes in investments in patients was marginally significantly different from 

controls [χ2 (2) = 5.33, p = .07] and significantly different from relatives [χ2 (2) = 11.76, p 

= .003], indicating significantly less investment increases and more equal investments 

compared to the preceding trial by patients. 

 In the trust game, the distribution of changes in behaviour was also different 

between groups [χ2 (4) = 32.86, p < .001]. Controls did not differ significantly in 

investment changes from relatives [χ2 (2) = 0.36, p = .84], but they did differ significantly 

from patients [χ2 (2) = 29.53, p < .001]. Relatives also differed significantly from patients 

in the distribution of changes in investments [χ2 (2) = 12.19, p = .002]. Patients increased 

investments less often and invested more equal amounts compared to controls and 

relatives. For percentages of changes in investments see Table 2. 

 

Table 2  

Percentage of changes in investment behaviour in relation to the preceding trial 

 

Investment 

Controls Relatives Patients 

Lottery 

game 

Trust 

game 

Lottery 

game 

Trust 

game 

Lottery 

game 

Trust 

game 

No change 29.1 20.8 24.8 22.3 33.9 31.5 

Decrease 30.9 34.1 31.0 33.3 29.0 30.5 

Increase 40.0 45.1 44.3 44.5 37.1 38.0 

Note. Percentages of investments that were a) the same as in the previous trial ( i.e. no change), 

b) lower than in the previous trial (i.e. decrease) and c) higher than in the previous trial (i.e. 

increase). 
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Within patient analyses: associations between learning and symptoms 

There was no significant 3-way interaction between negative symptoms, task and trial 

number on investments (p = .61). There were significant 2-way interactions between 

negative symptoms and trial number (b = .005, 95% CI [.001, .009], p = .02) and negative 

symptoms and task (b = -.13, 95% CI [-.18, -.09], p < .001). To examine these interactions 

we created two groups with lower and higher negative symptoms 1) PANSS score <= 

14, representing absent and minimal symptoms, 2) higher symptom severity (PANSS 

score > 14), representing clinically significant symptoms. Individuals with lower 

symptoms made higher investments in the trust than lottery game (b = .37, 95% CI [.05, 

.69], p = .03). Individuals with higher symptoms showed the opposite pattern with 

higher investments in the lottery compared to the trust game (b = -.98, 95% CI [-1.28, 

-.68], p < .001). The significant interaction between negative symptoms and trial number 

was caused by opposite effects, but was not reflected in a main effect of trial number 

in either symptom group (both p >.13). There were no significant effects of positive 

symptoms on investments (all p > .49). 

 

Discussion 

The current study set out to examine social and non-social reward learning in patients 

with a diagnosis in the schizophrenia spectrum, unaffected first-degree relatives of 

patients and controls using social and non-social investment paradigms. Key findings 

indicate that healthy controls showed (social) reward learning, i.e. increase in 

investments over trials, but in patients and first-degree relatives learning was absent in 

both the social and non-social task, indicative of a generalized insensitivity to subtle 

reward cues in individuals with a familial liability to schizophrenia spectrum disorders. 

Contrary to our expectations, we did not find any difference in the degree of reward 

learning impairments between the social or non-social context within the patient group. 

These findings may suggest that the provided social context does not impair social 

reward learning beyond non-social reward learning, at least within social interactions 

that are devoid of complex social cues. While learning in the two paradigms did not 

differ within groups, it is interesting to note that trust game and lottery game 

performance was only correlated for mean investments, but not for the learning over 

trials, despite identical algorithms of the pre-programmed game partners in both 

paradigms. In line with previous evidence (Fulford et al., 2018; Lee et al., 2018) this may 
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suggest that individuals employ different underlying decision making processes in 

social and non-social situations (Houser et al., 2010). 

 

Social and non-social reward learning 

In the current study we expected to see similar learning mechanisms in healthy controls 

and unaffected first-degree relatives. However, surprisingly, relatives showed reduced 

reward learning compared to controls in both social and non-social contexts, which is 

in contrast to our hypothesis and results from previous studies investigating non-social 

reward learning (Li et al., 2018; Hanssen et al., 2015) and social reward learning (Fett et 

al., 2012b; Gromann et al., 2014). Importantly, the reward cues in the current paradigm 

were subtler than the aforementioned studies, which could account for the contrasting 

findings. The current results suggest that the vulnerability for the disorder is associated 

with an altered sensitivity to subtle rewards in general regardless of their social or non-

social character. Our findings are in line with several neuroimaging studies reporting 

brain abnormalities, albeit in absence of behavioural deficits, during non-social reward 

learning (de Leeuw et al., 2014; Hanssen et al., 2015; Grimm et al., 2014) and social 

reward learning (Gromann et al., 2014) in individuals at familial high risk. It has been 

suggested that neural measures are more sensitive to subtle reward processing and 

reward learning aberrancies, compared to most behavioural measures. Yet, there is also 

evidence for normal brain responses during normal reward learning in relatives 

(Kasanova et al., 2018).  

 Similar patterns of reduced learning were found in both social and non-social 

reward learning. This impairment in learning may be related to aberrant dopamine in 

brain reward circuits, causing an interference with processing rewards (Juckel et al., 

2006b). This is suggested to be related to the aberrant salience model, where important 

stimuli are not processed as such, and unimportant stimuli may be processed as being 

more important than they actually are (Kapur et al., 2005). Our findings could therefore 

suggest that aberrant dopaminergic mechanisms may play a role in patients and 

relatives. Importantly, 80% of the patients was on atypical antipsychotics. Antipsychotic 

medication is suggested to have a normalizing effect on reward processing (Juckel et 

al., 2006a; Nielsen et al., 2012a). This may have dampened any illness related 

aggravating impairments in patients, which may be the reason that patients perform at 

a similar level as first-degree relatives. Thus, it is possible that differences between 
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relatives and patients emerge during states of severe psychosis and dopamine 

deregulation. 

 Some previous research has shown that patients with a schizophrenia spectrum 

disorder are less sensitive to social rewards such as smiles as compared to non-social 

rewards (Catalano et al., 2018). The discrepancy with our findings might be explained 

by the less subtle nature of rewards, i.e. more obvious or bigger rewards in previous 

research.  

Patients showed less consistent investment behaviour, i.e. a lower percentage 

of investment increases compared to the investment in the preceding trial than relatives 

and controls. A lower percentage of increases in investments as opposed to no change 

could reflect a lack of goal-directed behaviour or lack of a clear strategy to achieve 

rewards. Previous research in patients demonstrated impairments in distinguishing 

rewarding stimuli and difficulties in using rewards to initiate goal-directed behaviour 

(Strauss et al., 2014; Barch, 2008). Alternative explanations may lie in making choices 

without fully contemplating the best way to invest (Ventura et al., 2010).  

Although we did not have specific hypotheses about mean invested amounts, 

we found that controls and patients invested less in the trust game than the lottery 

game, while relatives showed a reversed pattern. This may be related to compensatory 

mechanisms, but this should be investigated further in future research. 

  

Association with symptoms 

Within the patient group we expected that reduced social and non-social reward 

learning would be associated with positive and negative symptoms, because of the 

social component of some key symptoms such as paranoia, social anhedonia, social 

withdrawal, lack of (social) motivation. However, neither negative nor positive 

symptoms showed a significant association with changes in investments over trials. The 

absence of any effect of symptoms on learning indicates that all patients, regardless of 

symptom severity, were unable to elicit or pick up on the subtle rewards. Thus, in 

contrast to our hypothesis, learning impairments cannot be explained by severity of 

symptoms.  

 While we did not find the hypothesised effect on learning, additional results 

did show an association between mean invested amounts and negative symptoms. 

Individuals with lower negative symptoms invested more in the social game compared 
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to the non-social game, while the higher symptom group showed the opposite pattern. 

This may be related to higher (social) motivation in the social context (Robertson et al., 

2014).  

 Symptom associations may be understated in this study and may not 

generalize to a wider schizophrenia spectrum population, since the sample in the 

current study was very stable and had an overall low negative (and positive) symptom 

severity. Hence, it is important to examine this association in future studies in samples 

with more acute psychosis, which would present with more severe symptoms. 

 

Limitations and directions for future research 

First, the group of unaffected first-degree relatives was relatively small and the gender 

distribution was significantly different from the healthy control and patient group. 

Nevertheless, trust game studies do not show a strong gender effect; some studies did 

not find any gender effect (Croson and Buchan, 1999; Schwieren and Sutter, 2008), and 

other studies found that men are more trusting, i.e. invest more, than women 

(Chaudhuri and Gangadharan, 2007; Garbarino and Slonim, 2009). Second, for future 

studies it would also be interesting to include unaffected first-degree relatives and 

individuals who fit within the ultra-high risk (UHR) concept to investigate the 

psychometric risk. Thus far, both populations have only been studied in isolation 

(Lemmers-Jansen et al., 2019). A more detailed assessment in such a sample may 

provide useful information about the relation between reward learning and possible 

subclinical symptoms and the development of learning alterations. Third, we chose to 

have a basic representation of the other human counterpart to keep the social and 

non-social task condition as similar as possible (Houser et al., 2010), however, a basic 

trust game has been shown to tap into social nature of the task in previous literature 

before (Delgado et al., 2005; Gromann et al., 2013; King-Casas et al., 2005). Future 

studies should investigate whether more explicit social reward cues (e.g. for instance a 

smiling person, or social praise) are processed differently. Last, this study aimed to 

investigate (social) reward learning on a fundamental level, however, future research 

should investigate how these mechanisms relate to real-life social functioning 

measures, like monitoring functioning in daily life with the experience sampling method 

(ESM) or assessments with questionnaires. 
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Conclusion 

In conclusion, our findings add to the growing body of literature in the field on the 

specificity of social reward learning (Fulford et al., 2018) and point to a general reduced 

sensitivity to reward learning in patients with no aggravating effect of social rewards. 

Given that the same pattern was observed in relatives, this reduced sensitivity seems to 

reflect a familial vulnerability, which suggest that reward learning in general may be an 

important marker in the schizophrenia spectrum. It may be beneficial in future studies 

to focus on associations between reward sensitivity as indicated by experimental tasks 

and daily-life (social) motivation by means of experience sampling studies (ESM) and 

reward learning, to elucidate the role of reward learning in social and daily-life 

functioning. In addition, functional neuroimaging studies directly comparing social and 

non-social reward learning may shed more light on the neural correlates involved in 

the processing of both social and non-social rewards. 
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Abstract 

Patients with schizophrenia show reduced cooperation and less sensitivity to social cues 

in pairwise interactions, however, it remains unclear whether these mechanisms are also 

present in interactions within social groups. We used a public goods game to 

investigate cooperation and sensitivity to social feedback in group interactions in 27 

patients with schizophrenia and 27 healthy controls. Participants played 20 trials in two 

conditions: 1) no fine: participants had the choice of investing into the public good (i.e. 

cooperating) or not (i.e. defecting), 2) fine: participants had the same choice but 

defectors could be punished by the other players. On the first trial, patients invested 

less in the public good than healthy controls. In the no fine condition, controls 

decreased their investments over time, but patients did not. The possibility of being 

fined for defecting and actually being fined led to significantly higher cooperation in 

both groups. This shows that the groups were equally sensitive to social feedback. Our 

findings suggest that patients tend to approach social group interactions with less 

cooperative behaviour, which could contribute to social dysfunction in daily-life. 

However, an intact sensitivity to social enforcement and feedback indicates that 

patients can adjust their behaviour accordingly within a group. 
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Introduction 

Social cognitive skills are crucial for the development of cooperation and trust in 

interpersonal relationships (Sutter and Kocher, 2007; Fett et al., 2014; Kishida et al., 

2010). There is ample evidence that patients with schizophrenia demonstrate 

impairments in social cognition (Green and Leitman, 2008; Green et al., 2008; Pinkham 

et al., 2003; Penn et al., 2008; Couture et al., 2006; Fett et al., 2011b; Savla et al., 2012); 

and that these impact on illness outcomes (Penn et al., 1996; Couture et al., 2006; Fett 

et al., 2011b). Social dysfunctions are also reflected in some of the key symptoms of the 

disorder, such as paranoia, social withdrawal and lack of (social) motivation (Penn et al., 

2008). In daily life, social interactions pose a challenge for patients (Penn et al., 1996; 

Billeke and Aboitiz, 2013; Couture et al., 2006), reflected in patients’ difficulties 

maintaining relationships with family or friends (Burns and Patrick, 2007; Pinkham and 

Penn, 2006). In studies using neuro-economic exchange games to examine social 

interactions directly, demonstrated that patients tend to show lower levels of trust 

towards others (i.e. cooperate less) (Fett et al., 2012b; Fett et al., 2016; Gromann et al., 

2013), compared to healthy individuals, and are less likely reciprocate in interactions 

(Sigmund, 2007; 2010; Berg et al., 1995). In these pair-wise interactions, patients did not 

adjust their behaviour after receiving information about the other player’s 

trustworthiness (Fett et al., 2012b), suggesting an insensitivity to social feedback, which 

is in line with earlier data showing that patients are less sensitive to interpersonal cues 

(Corrigan and Green, 1993; Johannsen, 1961). While these two-person games can help 

to enhance the understanding of the dynamic nature of pairwise interactions, 

modelling social dilemmas in groups provides additional information because social 

interactions often occur among more than two individuals simultaneously (Archetti and 

Scheuring, 2012) and the signals of more people need to be interpreted simultaneously 

leading to a greater complexity in the social dynamics (Sigmund, 2007; Brandt et al., 

2003).  

One approach to examine group dynamics during cooperation and sensitivity 

to feedback from others is offered by the public goods game (PGG). In this paradigm, 

a social dilemma is given: participants have to make a choice between maximizing the 

benefits across a group at a cost to their personal payoff, or maximizing their personal 

payoff at the expense of the group. Players are given an initial endowment and have 

to make the decision whether to invest the money in a group account 

(cooperating/public good) to mutual benefit or whether to keep the money for 

themselves (defecting/private good) yet still benefit from the others contributions. If a 
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player chooses the private good, his return exceeds that of the players who invested 

into the public good (Fehr and Fischbacher, 2004); this represents “free riding” (Fehr 

and Schmidt, 1999; Wischniewski et al., 2009). When players are allowed to punish those 

who free ride, investments in the public good increase as cooperation is socially 

enforced (Fehr and Gächter, 2002; Brandt et al., 2003; Fehr and Gächter, 1999). While 

fining another player is mostly done out of anger or spite, there is a cost attached to 

this - players have to pay to punish a defecting player, which makes this an altruistic 

act, a form of punishment at a personal cost (Seymour et al., 2007; Brandt et al., 2003). 

We describe the first study to use a neuro-economic group interaction game 

to investigate behaviour in social groups in schizophrenia, using the PGG, incorporating 

a measure of sensitivity to social feedback. We were interested in three key elements: 

1) baseline level of cooperation on the first trial, where participants do not have any 

information on the other players’ behaviour, 2) behavioural change in response to 

others’ behaviour, 3) behavioural change when players were able to punish other 

players – to investigate whether cooperation can be enforced and to examine sensitivity 

to social feedback.  

We hypothesised that patients with schizophrenia would demonstrate a) lower 

levels of baseline cooperation and lower mean cooperation in the PGG, b) less 

sensitivity to social feedback indicated by less difference in cooperation between 

conditions (i.e. social enforcement) and less adjustment in behaviour after being fined 

in the preceding trial as compared to controls (i.e. sensitivity to social feedback). We 

hypothesized a negative association between positive symptoms, cooperation and 

sensitivity to social feedback in patients, because positive symptoms are related to 

social abnormalities and deficits in social decision making and trust. 

 

Methods 

Subjects 

Twenty-seven patients with a schizophrenia spectrum diagnosis and twenty-seven 

healthy controls were included in the study. Patients were recruited from the South 

London and Maudsley NHS Foundation Trust and healthy controls subjects were 

recruited through local advertising. Demographic information is displayed in Table 1. 

Inclusion criteria for all participants were 1) age between 18-55 years old, 2) sufficient 

understanding of the English language to successfully perform the task and to 
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understand the informed consent, 3) no learning disabilities, 4) absence of a 

neurological condition, 5) no alcohol/drug dependence within the last six months, 6) 

absence of a major physical illness or motor, hearing or speech difficulties. For the 

schizophrenia group additional inclusion criteria were 1) a diagnosis of schizophrenia, 

schizoaffective disorder or psychotic disorder according to the ICD-10 criteria, 2) stable 

under their current treatment (> 6 weeks). The patients who were included had the 

following diagnoses without any comorbidity: 20 schizophrenia, 5 schizoaffective 

disorder, 1 psychotic disorder, 1 polymorphic psychosis with schizophrenia. All patients 

were medicated, with 85% treated with atypical antipsychotics. 

 

Measures 

Symptoms - To assess symptom severity in patients the Positive and Negative 

Syndrome Scale (PANSS) (Kay et al., 1987) was used. The PANSS is a semi-structured 

interview that assesses symptoms over a two-week period prior to the testing session. 

Thirty items are scored to evaluate the severity of psychopathology: 1 = absent, 2 = 

minimal, 3 = mild, 4 = moderate, 5 = moderate to severe, 6 = severe to 7 = extreme. 

In the current study, the PANSS subscale scores were used to get estimate of positive 

symptom severity (range 7-49) and negative symptom severity (range 7-49). The 

positive and negative scale have good concurrent validity and good internal reliability 

(respectively Cronbach’s α = 0.62-0.73 and α = 0.83-0.92 (Peralta and Cuesta, 1994; 

Kay et al., 1987)).  

 

General cognition - To control for possible influence of cognitive ability on group 

differences in behaviour in the PGG, general cognitive ability was assessed with the 

vocabulary subtest of the Wechsler Abbreviated Scale of Intelligence (WASI) (Wechsler, 

1999). The Vocabulary subtest has a total of 42 items, where subjects are required to 

define and describe the words best to their knowledge. Words are presented orally and 

visually. The WASI vocabulary test gives a good estimate of overall intelligence scores, 

the vocabulary subtest showing a 0.87 correlation with the full WAIS III (Axelrod, 2002). 

T-scores were converted to scaled WASI scores (range 20-80). 
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Experimental design 

A binary public goods paradigm was used to investigate cooperation and sensitivity to 

others’ social feedback in a group setting. Subjects participated in two three-player 

games involving one of two conditions; 20 trials in the no fine and 20 trials in the fine 

condition. Before the start of the game, participants were informed that they were 

playing all 40 trials with the same two opponents who were participating on computers 

that were connected via the Internet. In reality, they were playing computers (player 2 

and player 3) that were programmed with stochastic algorithms that mimicked human 

choices. The study was coded in Adobe Flash (see Reimers & Stewart, 2015), and was 

adapted from a version of the PGG in which participants genuinely played against other 

real player over the internet. As such, plausibility of playing with other real people was 

kept high. In the no fine condition, player 2 was programmed to play a tit-for-tat 

strategy; meaning player 2 would cooperate on all trials, except immediately following 

a trial on which the other two players did not cooperate. Player 3 was programmed to 

play a locally self-interested strategy, defecting on all trials. In the fine condition, players 

2 and 3 used the same strategies as in the no fine condition. Both player 2 and 3 

cooperated if they were punished in the preceding trial. Player 2 punished any player 

that defected on two consecutive trials. Player 3 never punished other players. To make 

the strategies used by the virtual players less transparent, players played their dominant 

strategy 80% of the time and a random 20% of the time the opposite strategy. 

In the no fine condition, participants received an initial endowment of £3. They 

then had to make a choice whether to keep the money for themselves (invest in the 

private good; i.e. free riding) or to put their £3 in a public good (invest in the public 

good; i.e. cooperation). They made this choice before seeing the other players’ 

decisions. At the end of the trial, the contribution of each player was revealed, and the 

money contributed by the three players was summed then doubled and the total 

amount was divided equally among all players, regardless of whether they cooperated 

or not. The next trial started again with £3 for each player.  

The fine condition was identical to the no fine condition, however, after 

participants made their choice and had been informed about how the other players 

had invested, they were then given the option to punish the players who did not 

cooperate. To punish another player was costly, since £1 was deducted from their own 

total amount and £2 was deducted from the total of the fined player. So, punishing 

another player was only possible at a cost to themselves. The task was presented in an 
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animated way, presenting 3 players seated around a table, the procedure of the game 

is visually shown in Figure 1. 

 

 

Procedure 

All participants were invited to the Institute of Psychiatry, Psychology and Neuroscience, 

where testing took place. Trained MSc level researchers carried out the testing session 

and a research nurse administered the PANSS interview. Prior to participation subjects 

were given written information about the content of the study and what would be 

expected from them. It was emphasized that their participation was voluntary and they 

had the opportunity to withdraw at any moment without any consequences. The study 

was approved by the Bromley Research Ethics Committee. All participants signed 

informed consent before testing. After completing a questionnaire on demographic 

Figure 1 | Schematic representation of the binary public goods game: a) no fine condition and 

a+b) fine condition; a) participants could cooperate (black arrows) or free ride (light grey 

arrow), a choice made without knowing the other players’ decisions. The amount in the public 

good was doubled and split equally among all players (grey arrows), b) The players who 

cooperated could fine (punish; grey arrows) the players who free rode after receiving 

information on the other players’ decisions. Costing the fining player £1, but deducting £2 

from the free riding player. 
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information, participants played the PGG (the no fine condition first, followed by the 

fine condition) on a laptop in a web browser, which initially showed a loading message 

and a connecting message for the other players. After a few connection attempts, the 

system displayed that all players were connected and the task was launched. Plausible 

variable delays were used for the responses of the other players, so that they did not 

necessarily appear immediately after the participant made a choice. After completing 

the experimental task the PANSS interview was conducted. At the end of the session, 

subjects received an incentive of £10 for participation in the study. 

 

Statistical analyses 

Statistical analyses were performed using STATA version 14 (StataCorp, 2015). We 

examined group differences in demographics using t-tests and chi square tests. Logistic 

regression analyses were performed to investigate the differences between groups in 

baseline cooperation and multilevel mixed effects logistic regression analyses to 

investigate the differences in mean cooperation, changes in cooperation over trials, 

punishment (i.e. frequency of fining other players) and social sensitivity to punishment 

(i.e. change in behaviour after being fined) between groups and between symptoms 

and cooperation within the patient group, taking into account possible effects of a-

priori confounders (gender and age). The same analyses were run to investigate within 

group effects of condition in baseline cooperation and mean cooperation (i.e. 

representing social enforcement). Separate analyses were conducted to investigate 

group differences within each condition and the condition effect within each group, as 

the full model omitted essential variables due to dichotomous outcome and predictor 

variables. 

 

Results 

Demographics 

Demographic information and clinical characteristics are shown in Table 1. There were 

no significant differences between groups in age and gender. There was a trend 

towards significant differences between groups in IQ, with patients having a lower 

mean cognitive ability than healthy control subjects. 
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Group differences in baseline and mean cooperation by condition 

Task performance per group and condition is shown in Table 2 and are displayed in 

Figure 2. In the no fine condition, there was a significant difference in first-trial 

cooperation between groups with patients showing lower cooperation, OR = 0.18, 95% 

CI (0.04; 0.89), p = .04, but no significant difference in mean levels of cooperation (p = 

.23). In the fine condition, there was a similar trend effect towards a difference in 

cooperation between groups, OR = 0.20, 95% CI (0.03; 1.19), p = .077, but mean levels 

of cooperation throughout the game did not differ (p = .53). 

 

Table 1  

Demographic and clinical sample characteristics 

 Healthy controls Patients  

 

Statistic 
 (N = 27)  

Mean (SD) 

 (N = 27) 

Mean (SD) 

Age (years; range 22-55) 39.89 (9.22) 40.48 (8.61) t (52) = -0.24, p = .81 

Gender 78% Male 85% Male Χ2(1, N = 54)= 0.49, p = .48 

WASI (range 40-133) 101.85 (18.13; n = 20) 90.92 (19.18; n = 24) t (44) = 1.93, p = .06 

Illness duration (years) - 16.12 (8.79; n = 25) - 

PANSS positive - 16.04 (4.31; n = 23) - 

PANSS negative - 18.30 (5.55; n = 23) - 

Figure 2 | Group and condition comparisons for baseline cooperation and overall mean 

cooperation in the multi-round binary public goods game. The error bars depict the 

dispersion of cooperation over all trials within groups and conditions. † p < 0.08, * p < .05, 

** p <= .001 
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Changes in cooperation over trials 

PGG performance changes over repeated trials are shown in Figures 3a (no fine 

condition) and 3b (fine condition). There was a trend towards group differences in 

change in cooperation over trials in the no fine condition, as indicated by the interaction 

between trial number and group, OR = 1.05, 95% CI (1.00; 1.10), p = .065. Analyses by 

group showed a significant change in cooperation in the healthy control group (OR = 

.94, 95% CI (0.91; 0.97), p < .001), but not in the patient group (p = .34). 

In the fine condition the change in cooperation over time was not different 

between groups, as indicated by the non-significant interaction between trial number 

and group (p = .86). In the model without the interaction, the main effect of group on 

cooperation was also non-significant (p = .43), however, there was a significant main 

effect of change of cooperation over trials (OR = 0.96, 95% CI (0.94; 0.98), p = .002). 

 

Effect of social enforcement on cooperation within groups 

Within the healthy control group there was no significant difference in the percentage 

cooperation on the first trial between conditions, p = 1.00. However, controls showed 

a significant difference in mean levels of cooperation between conditions, with 

cooperation being higher in the fine than no fine condition, OR = 1.60, 95% CI (1.22; 

Table 2  

Performance on the public goods game 

 Healthy 

Controls 

 

Patients 

 

% (N = 27) % (N = 27) 

No Fine Condition    

First trial cooperation 88.89 66.67 * 

Overall cooperation 57.22 50.19 

Fine Condition   

First trial cooperation 88.89 74.07 † 

Overall cooperation 66.30 61.48 

Punishment to others (in trials where fines were allowed) 48.54 51.58 

Cooperation after defecting and being fined in the previous trial 45.10 44.83 

Cooperation after defecting and not being fined in the previous trial 12.80 13.72 

Cooperation after cooperating in the previous trial 49.12  43.66  

† p < 0.08, * p < .05   
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2.10), p = .001. In the patient group, there was no significant difference in percentage 

baseline cooperation between conditions, p = .55. Similar to healthy controls, patients 

showed a significant difference in the mean levels of cooperation throughout the game 

between conditions, with cooperation being higher in the fine than no fine condition, 

OR = 1.84, 95% CI (1.39; 2.44), p < .001. 

 

 

Sensitivity to social feedback and punishing behaviour 

The likelihood of cooperation after being punished by another player for free riding did 

not differ between groups, p = .58, see Table 2 for percentages of cooperation. Groups 

also did not show any differences between cooperation after defecting but not being 

fined by another player (p = .67) and no differences in cooperation after cooperating 

in the previous trial (p = .52). Healthy controls and patients did not differ in the 

frequency of punishments given to other players, p = .74. 

 

Correlations between cooperation and positive symptoms within the patient group 

No significant association between positive and negative symptoms and baseline 

cooperation was present in either condition (no fine condition: p = .38 p = .59, fine 

condition: p = .57 and OR p = .90, respectively). 

There was a significant interaction between positive symptoms and change in 

cooperative behaviour over trials in the no fine condition (OR = 1.01, 95% CI (1.00; 1.02), 

p = .05). To display the interaction in more detail, we divided the patients into three 

groups based on the severity of their positive symptom scores (PANSS Group 1; N = 9, 

Figure 3 | Cooperation per trial in the multi-round binary public goods game in the a) no 

fine condition, and the b) fine condition. 
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M = 12.33, SD = 1.76, PANSS Group 2: N = 7, M = 15.57, SD = 0.5 and PANSS Group 3: 

N = 7, M = 21.29, SD = 2.97). These results are plotted in Figure 4, demonstrating that 

patients with the most severe positive symptoms (PANSS Group 3) increased their level 

of cooperation throughout the game compared to healthy controls and patients in the 

PANSS Groups 1 and 2. This interaction effect was not found in the fine condition, p = 

.95, and also no main effect of positive symptoms in the model without the interaction 

(p = .26), but there was a main effect of cooperation over trials (OR = 0.96, 95% CI 

(0.93; 1.00), p = .05). See supplementary material for (non-significant) correlation results 

between negative symptoms and cooperation. 

 

 

All analyses were repeated with IQ as a covariate in the model. Due to many missing 

values in IQ, we used a multiple imputation-based procedure to re-create the individual 

missing scores. This yielded slightly different parameter results, however, significance 

did not change and the direction of the effect remained the same. 

 

Discussion 

This study examined cooperation and sensitivity to social feedback in schizophrenia in 

a PGG, to measure the dynamics of social group interactions. Our findings on baseline 

cooperation show that patients are less cooperative at task onset. However, patients 

Figure 4 | To visualize the interaction effect found between positive symptoms and change 

in cooperation over trials within the patient group, 3 groups for symptom severity were 

made. Change of cooperation over trials by positive symptom severity are plotted in the 

no fine condition. 
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did not differ from controls in their reaction to social enforcement or sensitivity to social 

feedback (i.e. punishment). 

Patients have lower initial inclination to cooperate in social groups, as indicated 

by a lower level of baseline investments into the public good compared to healthy 

controls. This finding is in line with evidence from pairwise interactions, where patients 

show less basic trust (Fett et al., 2012b; Gromann et al., 2013). To engage in social 

interactions, one has to trust the other person’s willingness to cooperate, which seems 

to be a key precursor in the development of cooperation in a public goods dilemma 

(De Cremer, 1999). Patients may choose more selfishly in a PGG compared to healthy 

controls, because they are less trusting due to negative beliefs about other individuals. 

Another possible explanation is that patients with schizophrenia are more self-oriented, 

due to a reduced ability to take the perspective of others (Sprong et al., 2007a). 

Change in behaviour over trials was different between groups in the condition 

without fining, but not in the condition where cooperation was socially enforced. 

Healthy controls started out with high levels of cooperation and then decreased their 

cooperation over trials, which is in line with previous findings on cooperation in a public 

goods paradigm, cooperation in multi-shot public goods games tends to be high 

initially and then declines throughout the game (Andreoni, 1988; Fehr and Fischbacher, 

2003; Fischbacher et al., 2001; Ledyard, 1994). This can be explained by a game-

theoretic view: the allocation of the public good is equal no matter what amount each 

individual invests, thus, to maximize one’s own profit, the dominant long-term strategy 

is to defect (Andreoni, 1988). A possible explanation for decreasing cooperation could 

be that participants are reluctant to invest into the public good because of fear that 

others are not going to contribute as well. This is called inequity aversion. In the 

beginning of the game, healthy participants may be more willing to take a risk, or are 

more trusting in others’ good will compared to patients. However, when their 

contributions are not routinely reciprocated, this feeling of inequity overrides the 

willingness to cooperate (Kurzban et al., 2001; De Cremer, 1999). Thus, patients’ 

motivation to invest into the private good may be based on a lack of trust due to fear 

of uncooperative behaviour of others. Another possible explanation could be that 

patients value monetary reward in a different way than controls do, which could be 

related to impulsive choices (Heerey et al., 2007) and amotivation (Fervaha et al., 2013).  

Adding the option of punishing another player for free riding increased the 

likelihood of cooperation within both groups compared to the condition where fining 

was not allowed. Although this is in line with previous findings in healthy subjects, who 

tend to increase cooperation when the punishing of free riders is allowed (Fehr and 
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Gächter, 2002; Brandt et al., 2003), this was in contrast to our expectations in the patient 

group. We anticipated that patients would be less sensitive to social enforcement by 

introducing the possibility of fining others, due to patients’ deficits in processing social 

information. The findings suggest that patients are sensitive to social enforcement. 

Moreover, there was an increase in cooperation after defecting and being fined for it: 

in healthy controls from 12.80% to 45.10% and in patients from 13.72% to 44.83%. This 

change in behaviour was similar in both groups, indicating that patients did not show 

the expected insensitivity to social feedback. There is some evidence from other studies 

for unimpaired sensitivity to punishment in schizophrenia (Cheng et al., 2012). In 

pairwise encounters an insensitivity was shown after providing information about the 

other player (i.e. top-down processing) (Fett et al., 2012b), in our study patients had to 

use bottom-up processing to deduce the social information. It might be that problems 

arise when patients have to use top-down processing of social information specifically 

and not when patients use bottom-up processing of social feedback.  

Patients and controls demonstrated the same amount of punishing behaviour, 

which is in line with results in pairwise interactions in dictator game with punishments 

(Wischniewski and Brüne, 2011). These findings suggest that patients are sensitive to 

social rules and willing to altruistically punish other players to reinforce social norms at 

the same level as healthy control subjects. 

Interestingly, positive symptoms were only associated with the level of 

cooperation over trials in the no fine condition. Patients with more severe positive 

symptoms showed an increase in cooperation over time, compared to reduced 

cooperation in the lower symptom groups and the healthy control group. This is in line 

with results from Chung and colleagues (2013), they found higher levels of cooperation 

in patients compared to controls in a PGG without a measure of social feedback. The 

authors concluded that patients played the game in a non-strategic way and 

demonstrate an insensitivity to loss. However, the results are difficult to compare as the 

authors manipulated the utilized game to have 2 possible outcomes, group success or 

failure (success if 3 or more out of the 5 players in the game cooperated, otherwise 

failure), which enforced a higher rate of cooperation. They also had groups exclusively 

of patients, which tends to amplify group differences. An inability to estimate the risk 

of loss (Pedersen et al., 2016; Shurman et al., 2005) and insensitivity to unfairness (Csukly 

et al., 2011; Agay et al., 2008) might explain why patients in the highest symptom group 

in our study increase their level of cooperation instead of decreasing this behaviour. It 

is possible that the higher level of cooperation in our study is related to making choices 

without fully contemplating the best strategy. In accordance with previous studies these 

abnormalities in behaviour in the PGG may reflect aberrant reward processing (Juckel 
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et al., 2006a; Juckel et al., 2006b; Nielsen et al., 2012b; Schlagenhauf et al., 2008) and 

reward learning (Murray et al., 2008a; Waltz et al., 2013; Gold et al., 2008; Strauss et al., 

2014). This should be interpreted with caution due to the small sample sizes in the three 

symptom groups. However, the possibility of being punished resulted in an appropriate 

behavioural adjustment in patients with more severe positive symptoms. It is not 

possible to be definitive about the reason for this aberrant behaviour without social 

enforcement, which may be contributed by an insensitivity to other people’s choices or 

lack of cognitive flexibility. It would therefore be interesting to investigate this 

association with specific clusters of symptoms and cooperation in group interactions in 

future studies. 

There are limitations in this study. First, the PGG in this study was a binary 3-

player game, this choice was made for task simplicity, either an investment in the private 

or the public good; incorporating continuous investment opportunities may have made 

the game more sensitive to changes in social enforcement and feedback. Second, the 

punishment in our study was potentially low; a free riding player punished by a 

cooperating player would still receive £3 (i.e. the initial endowment) if the other 2 

players cooperated.; a flexible level of punishment could have greater influence on 

behaviour. 

This study is the first to investigate cooperation, social enforcement and 

sensitivity to social feedback in group interactions in schizophrenia. Our findings 

suggest that patients demonstrate a tendency to initiate social group interactions with 

less cooperative behaviour, which may set a negative tone in social settings, potentially 

contributing to social difficulties in initiating interactions in real life functioning. 

However, the results clearly suggest that social enforcement and sensitivity to social 

feedback are intact, which indicates that it may be possible for patients adjust their 

social behaviour accordingly during repeated social interactions. This may be 

particularly important for interventions that target social skills and suggests that group-

based interventions may be particularly helpful. The study would benefit from 

replication, since this is the first study to investigate cooperation and sensitivity to social 

feedback in this manner. It would be interesting to extend this work into social group 

interactions in real time and to use neuroimaging, to test the underlying neural 

mechanisms. 
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Abstract 

Diminished social reward and context processing are observed in the schizophrenia 

spectrum. However, it remains unclear whether a general context processing deficit is 

present or a specific bias against positive information. Here, we examine these 

mechanisms during social interactions using functional neuroimaging. Additionally, this 

study probes whether these neural mechanisms are associated with real-life social 

engagement in the schizophrenia spectrum. Patients with a schizophrenia spectrum 

diagnosis (N=23) and controls (N=25) played three multi-round trust games during 

scanning, with no, positive and negative information about the counterpart’s 

trustworthiness, while all partners were benevolent. We performed region-of-interest 

analyses and examined the association with real-life social engagement, measured with 

the Experience Sampling Method. Presenting social contextual information had no 

effect on patients’ first investments (i.e. basic trust), whereas controls showed a linear 

increase in investments over contexts. Over trials, controls increased investments in 

response to behavioural feedback in the negative context, whereas patients decreased 

trust, which may be related to reduced social reward learning. Patients engaged the 

dorsolateral prefrontal cortex (dlPFC) less than controls during context presentation 

and showed reduced activity within the caudate during repayment. Brain activity was 

not associated with patients’ daily-life social engagement. The failure to adapt basic 

trust to positive and negative social contexts suggests that patients have a general 

insensitivity to prior social information, i.e. top-down processing impairments. In 

addition, they show reduced sensitivity to social reward, i.e. bottom-up processing 

deficits. Together, these findings indicate that improving trust and social interactions 

may need a multi-faceted approach. 
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Introduction 

Integrating social contextual information and behavioural feedback from others is 

necessary to engage successfully in interpersonal interactions (Bellucci et al., 2017; Ruz 

et al., 2011). In addition, one has to trust the other persons’ willingness to cooperate, 

which makes trust a key precursor in social relationships (Lewicki and Wiethoff, 2006). 

Individuals with a schizophrenia spectrum disorder show a reduced ability to judge 

social signals in interactions (van't Wout et al., 2009; Penn et al., 2008). Next to 

impairments in processing behavioural feedback from others, i.e. bottom-up 

processing, patients are less sensitive to prior contextual information, i.e. top-down 

processing (Green et al., 2005; Chung et al., 2010; Baez et al., 2013; Hooker et al., 2011). 

Bottom-up processing in this study is defined as the processing of information that is 

gathered while interacting with others. With top-down processing we refer to 

information processing of prior stored knowledge that is used to guide behaviour in 

interpersonal interactions. Studies employing the trust game (Berg et al., 1995; King-

Casas et al., 2005) in schizophrenia have demonstrated that patients invested lower 

initial amounts, indicating distrust (Fett et al., 2012b; Gromann et al., 2013; Lemmers-

Jansen et al., 2019), and that they have reduced ability to use behavioural feedback to 

adjust trusting behaviour towards a cooperative partner compared to controls (Fett et 

al., 2012b; Gromann et al., 2013; Campellone et al., 2016a). Research on the effects of 

social contextual information on trust showed that controls demonstrated higher levels 

of trust after receiving information that their partner was trustworthy compared to a 

neutral or negative partner, suggesting a strong impact of top-down information on 

trusting behaviour (Delgado et al., 2005). Previous research in patients on trust 

demonstrated a diminished sensitivity to prior positive information about the 

interacting partner (Fett et al., 2012b), which may be associated with social dysfunction 

seen in the schizophrenia spectrum (Couture et al., 2006; Velthorst et al., 2016). 

However, it remains unclear whether this reflects a general context processing deficit 

or a bias against positive contextual information. 

 Three cognitive mechanisms have been implicated in social decision making 

during social interactions (Declerck et al., 2013). First, context processing and cognitive 

control, in which the dorsolateral prefrontal cortex (dlPFC) plays a crucial role 

(MacDonald et al., 2000; Cohen et al., 2000). Second, mentalising, i.e. the ability to infer 

the mental states, including intentions, of others (Frith and Frith, 2001), in which the 

medial prefrontal cortex (mPFC) and the temporo-parietal junction (TPJ) are implicated 

as key regions (Van Overwalle, 2009; Siegal and Varley, 2002; Frith and Frith, 2006b; 
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Carrington and Bailey, 2009; Schurz et al., 2014). Last, reward processing which strongly 

involves the caudate nucleus (Sanfey, 2007; Krach et al., 2010; Izuma et al., 2008; Lin et 

al., 2011; Van Den Bos et al., 2009; King-Casas et al., 2005). In schizophrenia, prior 

studies have reported reduced activation within the dlPFC during context processing 

of non-social information (Niendam et al., 2014; MacDonald et al., 2005; MacDonald 

and Carter, 2003; Barch and Ceaser, 2012), within the mPFC and TPJ during mentalising 

(Pinkham et al., 2008; Green et al., 2015; Lee et al., 2004), and within the caudate during 

both non-social (Juckel et al., 2006b; Murray et al., 2008b) and social reward processing 

(Gromann et al., 2013). Neuroimaging can help to clarify which cognitive mechanisms 

might play a role in reduced social context processing during social interactions in 

schizophrenia spectrum disorders. 

 In this first-time investigation, we probed the impact of social context on social 

interactions and trust, and investigated their underlying neural correlates in individuals 

with a diagnosis in the schizophrenia spectrum and healthy volunteers, using an 

modified version of an interactive trust game while measuring brain activity with fMRI. 

Participants played three trust games with pre-programmed benevolent counterparts, 

while receiving either no, positive or negative information about the partner’s 

trustworthiness. Furthermore, social interactions are embedded in peoples’ daily lives 

and are more complex than in an experimental setting. A highly ecological valid method 

to measure real world functioning is the Experience Sampling Method (ESM) 

(Delespaul, 1995; Csikszentmihalyi and Larson, 2014), because it allows for real-time 

monitoring of behaviour. It is important to elucidate the association between the neural 

processes underlying social interactions and daily-life social engagement, because little 

is known about how neural findings translate to real-world functioning. Therefore, we 

combined fMRI and ESM, which greatly increases the ecological validity (van Atteveldt 

et al., 2018). 

 We hypothesized that: a) patients would show a general reduced sensitivity to 

prior information about the other reflected in no differences in baseline trust between 

conditions, i.e. first investments. Controls would increase investments from the negative 

to the positive context; b) patients would not adjust trusting behaviour over trials in 

response to benevolent behavioural feedback, whereas controls would increase trust 

over trials; c) patients would engage the regions-of-interest (ROIs) to a lesser extent 

than controls: i) in the left dlPFC during context presentation and investment decisions 

(i.e. decision to trust), because of its specific role in context processing; ii) in the mPFC 

and right TPJ during context presentation and investment decisions, since these areas 
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are important during mentalising and we expect greater mentalising in controls, not in 

patients, while processing prior social information compared to no information; iii) in 

the right caudate nucleus during the partner’s repayments (i.e. receipt of social reward); 

d) for patients, reduced activation in the ROIs during the trust game is associated with 

reduced social engagement in daily life, i.e. time spent alone measured by ESM. 

 

Methods 

Subjects 

Twenty-five patients with a schizophrenia spectrum diagnosis and 26 controls without 

a personal or family history of schizophrenia were included (for recruitment see 

supplement - A). Inclusion criteria were: 1) age 18 to 65, 2) good understanding of the 

English language, 3) IQ > 70. An additional criterion for patients was a schizophrenia 

spectrum diagnosis according to ICD-10 (WHO, 1992). Exclusion criteria were: 1) a 

history of any neurological conditions, 2) a diagnosis of alcohol/drug dependence 

within six months. One control subject did not complete MRI scanning due to anxiety. 

Two patients were excluded from analyses due to excessive movement (framewise 

displacement ≥ 1.5 mm in ≥ 20% of the volumes per run). Therefore, analyses were 

performed on 23 patients and 25 controls. The London-Harrow Research Ethics 

Committee [14/LO/0071] approved this study. 

 

Estimated cognitive ability 

To assess an estimated cognitive ability, an abbreviated two-test version of the 

Wechsler Abbreviated Scale of Intelligence (WASI) was used (Wechsler, 1999), which 

consisted of the vocabulary subtest and the matrix reasoning subtest. 

 

Symptoms 

The Positive and Negative Syndrome Scale (PANSS) semi-structured interview was used 

to measure symptom severity in the two weeks prior to testing in patients (Kay et al., 

1987). Fourteen items evaluate the severity of positive and negative symptoms (1 = 

absent to 7 = extreme). 
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Trust game  

To measure the impact of social context processing in social interactions, we employed 

a modified multi-round trust game (Berg et al., 1995; King-Casas et al., 2005; Gromann 

et al., 2013). In a multi-round classic trust game, the first player, i.e. the investor, is given 

an initial endowment of £10 and has to invest a chosen amount between zero and ten 

pounds. This amount is tripled and given to the second player, i.e. the trustee. The 

trustee then decides whether and how much of the tripled amount he or she wants to 

give back to the investor. The chosen amount to invest by the investor reflects trust 

(given that the trustee can chose not to return any money). In our study, participants 

played the role of the investor and played the trust game three times, with three 

different hypothetical counterparts. In one game (condition), the trust game was 

presented without prior social contextual information, i.e. a classic multi-round trust 

game, while the other two conditions were modified to examine social context 

processing. In the negative and positive context condition, participants first played 

three ‘blind’ rounds, without seeing the repayments of the interaction partner. These 

rounds were implemented to establish the cooperativeness of the trustee (Fett et al., 

2012b). When making their blind investments participants saw the following the 

message: ‘Determining E.H.’s initial average returns’. After these three ‘blind’ 

investments, they viewed the following message on the screen pointing out the average 

returns (more or less than invested) of the trustee during the blind investments (i.e. the 

social context): ‘On average your partner E.H. returned more/less than you invested’. 

This message was shown before each trial in the trust game. The participants completed 

a total of 120 trials (60 experimental, 60 control), equally divided over the three 

conditions (no context, positive context and negative context). Control trials were 

included to control for general effects of motor and visual activation elicited by the 

task. An experimental and control trial with the respective phases and timings are 

displayed in Figure 1. Participants were instructed that they played with a real human 

players via the Internet, but were actually playing with a pre-programmed computer 

that behaved in the same benevolent probabilistic manner in all three contexts (for 

algorithm see supplement - B).  

 After completion of the trust game, participants were asked whether they 

thought the other players were real and trustworthy, on a 7-point Likert scale. Ratings 

on whether the other players were unreal did not differ between groups (16 % controls 

and 13 % patients, p > .83), and were unrelated to investments in the trust game (p > 
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.82). Also, the ratings of trustworthiness of the interacting partners did not differ 

between groups (p > .59). 

 

 

Experience Sampling Method (ESM) - Measurement of social engagement 

ESM (deVries, 1992; Palmier‐Claus et al., 2011), a structured diary technique, was used 

to measure social engagement in daily life. The ESM device (iPod) gave a signal to fill 

in the questionnaire 10 times a day, by means of a pseudo-random ‘beep’ on 7 

consecutive days. The question that was used assessing social engagement was ‘Are 

you alone?’ (yes/ no). 

Figure 1 | Left: investment trial with positive context 1) context cue: ‘initial repayment same 

or more’, 2) investment cue, 3) investment choice, made by scrolling over a horizontal bar 

ranging from £0 - £10, which started at £5, 4) invested amount displayed, 5) fixation cross 

(not in figure) 6) wait for game partners’ response (jittered), 6) returned amount displayed, 

7) fixation cross (not in figure), 8) round totals (kept and given amount added) for both 

players (jittered). Right: control trial, similar to the experimental trials, except for a) ‘Invest’ 

was replaced by ‘Rest’, b) in the investment phase participants had to move the cursor to 

the marked number. 
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Procedure 

Two sessions took place at the Institute of Psychiatry, Psychology, Neuroscience 

(IOPPN), King’s College London. Participants gave written informed consent before the 

study. Participants first completed a demographic questionnaire and several practice 

trials before playing the trust game in the MRI scanner. They were told that they would 

receive the earnings from one randomly selected round to keep them motivated. For 

fairness reasons all participants received a payment of £5. After the trust game, they 

completed the questionnaire on their perception of the game partners. Next, the 

PANSS interview was administered. Last, an explanation of the iPod was given to 

participants and they completed one practice questionnaire. The morning after the first 

session the 7-days ESM data collection started. All participants were contacted by 

phone on day 2 for guidance in case of any problems or difficulties with the iPod. The 

second session consisted of assessment of the WASI subtests. Participants handed in 

the iPod and experiences were discussed. At the end of the study each participant 

received payment for participation. 

 

Statistical analyses 

Behavioural analyses 

Statistical analyses were performed using STATA version 14 (StataCorp, 2015). We 

examined group differences in demographics using chi-square tests and regression 

analyses. Investments were analysed using mixed effects multilevel regression analyses 

to account for repeated measurements within persons, with (first) investment as 

dependent variables and with group (control, patient) and context (negative, no and 

positive) and their respective interactions as independent variables. For investments 

over trials, trial number (1-20) was added to the model. Pearson correlations were used 

to examine associations between ROI beta weights and ESM data (percentage alone 

time). 

 

fMRI data acquisition & scanning parameters 

Imaging data were acquired using a 3 T GE Signa Neuro-optimized MR System at the 

Centre of Neuroimaging Science of the IOPPN. Functional images were acquired by a 

T2*-weighted echo-planar imaging sequence scanning 39 axial slices of 3.0 mm thick 
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with 0.3 mm gap. The in-plane resolution was 3.3 × 3.3 mm (FOV 211 × 211), flip angle: 

75°, TR = 2.00 s; TE = 30 ms. There were 413 volumes per run. For anatomical reference, 

a T1-weighted image (196 slices; isotropic voxels of 1.2 mm; TR 7.312 ms; TE 3.016 ms; 

flip angle: 11°; FOV 270 mm) was acquired. 

 Imaging data were analysed using Statistical Parametric Mapping 12 (SPM, 

2014). Pre-processing of the functional images consisted of realign and unwarp, and 

coregistration to individual anatomical images. Next, using unified, segmentation, 

anatomical images were segmented and normalization parameters estimated. These 

parameters were used to transform functional and anatomical images to a Montreal 

Neurological Institute (MNI) template. Subsequently, smoothing was applied (Gaussian 

kernel 6 mm full-width at half-maximum), and the last three volumes were removed, at 

the ending of the task. 

 

Whole brain & ROI analyses 

A general linear model was used per run in which the three phases in the game were 

modelled as regressors of interest for the experimental and control condition 

separately (see Figure 1). The cue phase was time-locked to the start of each trial 

(duration 2 s), the investment phase started after the investment cue (duration 4 s) and 

the repayment phase started at the beginning of the repayments shown and was 

modelled until the end of the displayed totals (duration 5 - 8 s). All other game phases 

were combined into one regressor of no interest. All phases were modelled using a 

box-car function convolved with the hemodynamic response function (Friston et al., 

1995). To correct for motion, the six realignment parameters and regressors for volumes 

detected as motion-corrupted, calculated by DVARS metric as implemented in in FSL, 

version 6.00 (FMRIB's Software Library, www.fmrib.ox.ac.uk/fsl) by FSL Motion Outliers 

(https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSLMotionOutliers) were included in the design 

matrix. A high pass filter of 128 seconds was used. Subsequently, for each phase of 

interest, contrast images were created by contrasting the experimental with the control 

condition. 

 Exploratory whole-brain analyses were performed, investigating activation 

outside the predefined ROIs, to examine if the effects were specific to the ROIs. Whole-

brain full-factorial analyses were performed for all three game phases, corrected at 

family-wise-error (FWE) whole-brain cluster significance threshold of p = 0.05. In 
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addition, a priori ROI analyses were performed. Talairach coordinates were converted 

to MNI space (https://bioimagesuiteweb.github.io/webapp/mni2tal.html), resulting in 

the following ROI MNI coordinates: right caudate (17, 20, 3), right TPJ (50, −56, 27) , 

mPFC (−3, 64, 24) (Gromann et al., 2014) and the left dlPFC (-43, 18, 29) (MacDonald 

and Carter, 2003). ROIs were created in MarsBar with an 8 mm sphere (version 0.44; 

http://marsbar.sourceforge.net). For each ROI and each subject, average signal change 

was extracted to investigate group and context effects, and to correlate ROI with the 

ESM data. The results of the ROI-based analyses were Bonferroni corrected at alpha 

levels of 0.0125 per test (0.05/4, as tests were performed with data from four ROIs). 

 

Results 

Groups did not differ in age and gender. Patients had a lower estimated cognitive ability 

than controls. Percentage of time spent alone was higher in patients than controls 

(Table 1). 

 

 

Table 1  

Participant demographics and patient clinical characteristics 

 

 

Controls Patients  

Statistic 

 

p 

 

95% CI N=25 N=23 

Age - M (SD) 36.02 (7.34) 39.86 (9.10) b = .03 .11 [-.006, .06] 

Gender (% male) 68.0 82.6 χ2 (1) = 1.36 .24  

IQ - M (SD) 116.68 (10.18) 98.30 (11.80) b = -.05 < .001 [-.06, -.03] 

Diagnoses (%) 

   Schizophrenia 

   Schizoaffective disorder 

   Psychotic disorder 

  

73.9 

17.4 

8.7 

   

Medication (%) 

   Atypical antipsychotics 

   Typical antipsychotics 

   None 

  

82.6 

13.0 

4.4 

   

PANSS negative - M (SD)  14.74 (6.15)    

PANSS positive - M (SD)  12.26 (3.25)    

ESM % alone time 54.4 69.3 b = 16.77 .04 [.59, 32.94] 

 

http://marsbar.sourceforge.net/
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First investment: context effect and group differences 

First investments were examined to establish context effects on baseline trust (Table 2). 

There was a significant group-by-context interaction (b = -.56, 95% CI [-.97, -.16], p < 

0.01). Controls made lower investments in the negative than the no-context condition 

and higher investments in the positive than the no-context condition. Patients’ 

investments did not differ by context. In all three contexts, first investments did not 

differ significantly between (all p > .12). 

 

Investments over trials 

We examined interference of context information on changes in trust over time (Figures 

2 a and b). There was a significant 3-way interaction between group, context and trial 

number (b = .02, 95% CI [.003, .03], p = .02). 

Analyses by group showed no context-by-trial number interaction in both 

groups (both p > .07). Both groups showed a context effect with significant differences 

between negative and no context, which was larger in controls than patients (controls: 

b = -.64, 95% CI [-.88, -.40], p < .001, patients: b = -.39, 95% CI [-.67, -.11], p < .01), but 

no differences between the positive and no context (both p > .41). Both groups showed 

a significant main effect of trial number, controls increased investments over time, while 

patients decreased their investments (controls: b = .03, 95% CI [.002, .05], p = .03; 

patients: b = -.04, 95% CI [-.07, -.01], p = .01). 

Analyses by context showed that the effect of trial number was most 

pronounced and in opposite directions in patients and controls in the negative context 

(group-by-trial number interaction: b = -.05, 95% CI [-.08, -.03], p < .001, controls: b = 

.06, 95% CI [.01, .10], p < .001; patients: b = -.05, 95% CI [-.08, -.01], p < .001). In the no 

context condition there was a group-by-trial number interaction (b = -.03, 95% CI [-

.06, -.004], p = .02); investment changes were non-significant in controls (p = .51), but 

patients invested significantly less over time (b = -.06, 95% CI [-.10, -.01], p = .02,). 

Groups did not differ significantly in the positive context condition and did not show 

investment changes over trials (all p > .30). 
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Whole-brain analyses: task effect 

Whole-brain analyses, over all participants, of activation during the cue phase revealed 

predominantly increased mPFC activity. The investment phase elicited activation in 

medial and lateral prefrontal and parietal regions. Activity during the repayment phase 

was increased within the medial and lateral prefrontal cortices, parietal regions and the 

caudate nucleus (see supplement C for detailed results). These findings are in line with 

previous studies probing brain activity during the trust game (Bellucci et al., 2017; Fett 

et al., 2012a). No group, context or interaction effects were found. 

Table 2  

Task performance – first investments in GBP (£) 

 Negative 

context 

No 

context 

Positive  

context 

 

 

 

Context 

difference 

 

 

 

 

Statistic 

 

 

 

 

p 

 

 

 

 

95% CI 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Controls  

(N=25) 

5.00 

(2.91) 

6.28 

(2.25) 

7.60 

(2.04) 

Neg < No 

Pos > No 

-1.28 

1.32 

< .01 

< .01 

[-2.24, -.32] 

[0.36, 2.28] 

Patients  

(N=23) 

6.35 

(2.90) 

6.48 

(2.74) 

6.70 

(2.93) 

Neg = No 

Pos = No 

 p = .85 

p = .75 

 

Figure 2 | Investments over trials in a) controls and b) patients, showing investments in the 

negative, no, and positive context condition. 
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ROI analyses 

Cue phase. There was no significant group-by-context interaction in all ROIs (all p > 

0.12). A significant group effect showing lower activation in patients than controls in the 

left dlPFC (b = -0.59, 95% CI [-1.00, -.18], p = .004, Figure 2a). There was a main effect 

of context in the right TPJ, with higher activation in the positive compared to the 

negative context in the right TPJ (b = .28, 95% CI [.01, .56], p = .04). However, this 

context effect did not survive Bonferroni correction. There was no effect of group or 

context in all other ROIs (both p > .07). 

Investment phase. There were no significant group-by-context interactions (all p > .07), 

nor main effects of group (all p > .50) or context in any of the ROIs (all p > .11). 

Repayment phase. Patients showed lower activation in the right caudate than controls 

(b = -.14, , 95% CI [-.25, -.03], p = .01, Figure 2b). A less robust, i.e. not Bonferroni 

corrected, effect was found in the mPFC: a group-by-context interaction (b = .23, 95% 

CI [.004, .45], p = .05, other ROIs p > .12). Examining this interaction revealed more 

activation in patients than controls in the positive context condition only (b = .52, 95% 

CI [.04, 1.01], p = .03). There were no group or context effects in the other ROIs (all p > 

.11). 

 

Exploratory analyses: ROI analyses over trials during the investment phase 

Given that we observed a behavioural group difference in investments over trials, we 

performed exploratory analyses probing the change in ROI activation over investment 

trials (see supplement - D). There were no significant effects of group or trial number, 

or their interaction over trials in any ROI (all p > .09). 

 

Associations of neural activity and social engagement in real-life in patients 

To examine whether aberrant activation in patients (N=20) within the left dlPFC, right 

caudate and mPFC was related to real world social functioning, we analysed 

associations with social engagement (% time spent alone). No significant associations 

were found (all p >.24). 
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Discussion 

Using a novel, modified trust game, we examined the impact of social context sensitivity 

on trust and social reward and their neural correlates during real time social interactions 

and the relation to real life social engagement in schizophrenia spectrum disorders. 

Patients showed no differential effect of social context on first investments, regardless 

of the valence of the context or the absence of a context, whereas controls showed the 

expected distinct context effect. This suggests a general insensitivity to social context 

instead of a bias against positive social contextual information. Patients also did not 

increase trust in response to benevolent behavioural feedback in the no context and 

negative context condition, whereas controls did increase trust after initial negative 

information. We found overall lower activation in the left dlPFC during context 

presentation and less engagement of the right caudate nucleus during repayments in 

patients compared to controls. These results suggest that schizophrenia spectrum 

disorders are associated with a general insensitivity to social contexts and with a 

reduced sensitivity to social reward. 

 

Social context effect on baseline trust 

For baseline trust (i.e. the first investment where partner feedback has not yet been 

received), we found reduced sensitivity to positive and negative social contextual 

Figure 3 | Signal change (in arbitrary units) in a) the dlPFC during the cue phase (i.e. social 

context presentation) and b) the caudate during repayment (i.e. receipt of reward) in 

controls and patients. Error bars depict the standard errors. 
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information in patients compared to controls. This seems to reflect a general 

insensitivity to social contextual information. These results strengthen and extend 

previous evidence of a top-down processing deficit (Fett et al., 2012b; Niendam et al., 

2014; Baez et al., 2013). This insensitivity points to persistent a-priori beliefs about other 

people in schizophrenia spectrum disorders. It is important to unravel whether this 

context sensitivity is a risk factor for developing a psychotic disorder or secondary to 

the disorder or related factors, by examining whether this insensitivity is also found in 

first-episode patients and individuals at high risk for a psychotic disorder. In the current 

study, patients tended to approach social interactions with similar trusting behaviour 

as controls, in line with findings in first-episode patients (Fett et al., 2019), but 

contrasting results have also been found in chronic and first-episode patients and 

individuals at clinical high risk (Fett et al., 2012b; Gromann et al., 2013). 

 

Trust over time: the effects of benevolent feedback 

As hypothesized, patients did not increase trust in response to benevolent partner 

feedback, in line with previous literature (Fett et al., 2012b; Gromann et al., 2013; 

Lemmers-Jansen et al., 2019). Controls, however, increased trust in the negative context 

and showed stable levels of trust after no and positive information, suggesting that 

prior positive beliefs about others were matched by the benevolent partner feedback. 

Patients seem to have difficulties to overcome persistent a-priori negative beliefs about 

others. Patients showed a tendency to reduce trust, even though subjective ratings of 

trustworthiness of the interacting partner were similar for both groups. Other studies 

have shown that patients show reduced sensitivity to social rewards, such as smiles 

(Catalano et al., 2018). Our results strengthen the evidence that patients have deficits 

in bottom-up processing of partner feedback, which might be due to an insensitivity to 

social reward (Fett et al., 2012b; Gromann et al., 2013). The reduced ability to increase 

trust could explain patients’ reduced motivation to engage in social behaviour (Strauss 

et al., 2014; Krach et al., 2010). 

 

Neural findings during social interactions with contextual information 

In support of our hypotheses, we found reduced left dlPFC activation in patients 

compared to controls during social context presentation. The dlPFC has been 

implicated in deficits in non-social context processing in schizophrenia (MacDonald and 
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Carter, 2003; Barch and Ceaser, 2012; Niendam et al., 2014) and is viewed as key region 

in top-down cognitive control (MacDonald et al., 2000). The impairment in top-down 

modulation of contextual information may be related to underlying reduced 

engagement of the dlPFC. This result is in line with less behavioural sensitivity to social 

contexts and was independent of social context, which suggests a general insensitivity 

on the neural level as well as the behavioural level. 

 During the repayment phase, where reward processing takes place, we found 

blunted activation in the right caudate nucleus in patients compared to controls, 

independent of context. The caudate is a highly innervated by dopaminergic neurons 

(Björklund and Dunnett, 2007). Aberrant regulation of dopamine is thought to play a 

key role in schizophrenia and reward processing (Howes and Kapur, 2009; Berridge and 

Robinson, 1998), and may account for the insensitivity to social reward. This finding 

adds to evidence showing deficits in social reward processing in schizophrenia 

spectrum disorders (Gromann et al., 2013; Lee et al., 2018) and may explain why patients 

fail to increase trust over time with a benevolent partner. 

 

Non-corrected ROI effects 

Additional less robust effects were found. Higher activation in the positive compared 

to the negative context in the right TPJ during context presentation was observed. Since 

this area is important in mentalising (Carrington and Bailey, 2009; Van Overwalle, 2009), 

this result may indicate greater mentalising effort during the processing of positive 

social information. Interacting with a trustworthy partner elicited higher mPFC 

activation in patients compared to controls during repayments. This was unexpected, 

but may be related to the role of the mPFC in reward-based action selection 

(Matsumoto and Tanaka, 2004; Euston et al., 2012). We speculate that this may point 

to a compensation mechanism for reduced engagement of the caudate, which might 

explain the absence of group differences in changes in trust in the positive context 

condition. However, future evidence is needed to support this hypothesis. 

 

Neural associations with real life social engagement 

In real life, patients spent more time alone than healthy controls, in line with previous 

work (Pinkham and Penn, 2006; Velthorst et al., 2016). Increasing social engagement in 

patients is an important goal to promote recovery (Corrigan and Phelan, 2004). 
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Previous social neuroscience studies have not yet considered associations between 

neural findings and real-life functioning in the schizophrenia spectrum, however, this 

has yielded meaningful insights in healthy individuals (Bickart et al., 2011; Kanai et al., 

2012; Lewis et al., 2011). In our study, social engagement was unrelated to aberrant brain 

activity in patients. Social engagement may not necessarily reflect whether they have 

the ability to function successfully in social interactions, since there may have been a 

long-standing lack of social relationships and minimal participation in social activities, 

i.e. social disconnection (Green et al., 2017). For future studies integrating neuroimaging 

with more sensitive measures, e.g. performance capacity, might be helpful (Bowie et 

al., 2008). In addition, it would be interesting to investigate how this neural sensitivity 

to social context relates to more subjective social factors for instance social emotions, 

such as loneliness, in future studies. 

 

Limitations 

The current results should be interpreted in light of the following limitations. First, our 

study is an initial investigation of social context processing in relation to neural 

activation and in relation to daily life social engagement in a relatively small sample of 

patients with a schizophrenia spectrum disorder. Consequently, our results need to be 

interpreted with caution, in particular the interaction effects, and larger replication 

studies are warranted before any firm conclusions can be made. Second, our patient 

sample had relatively low symptom levels: negative and positive scores of respectively 

14.74 (SD = 6.15) and 12.26 (SD = 3.25). We defined these scores as relatively low, since, 

with respect to the 7-point Likert scale of the PANSS items and the number of items in 

the positive and negative subscale, the item scores of 1 and 2 are respectively absent 

and minimal (Kay et al., 1987). This may have understated the results in this study and 

the findings may not generalize to a more severe patient population (for symptom 

associations see Supplement E). Third, medication type is found to have an effect on 

reward processing in schizophrenia, however, the majority of participants was on 

atypical antipsychotics which are thought to normalize reward processing (Juckel et al., 

2006a; Schlagenhauf et al., 2008; Nielsen et al., 2012a). Fourth, performance on the task 

and brain activation may have been influenced by fatigue and anxiety. Future studies 

would benefit from incorporating measures of fatigue and anxiety to control for in the 

analyses. Fifth, subjective self-report measures, like ESM, may raise the question of 

response accuracy or social desirable, which may be related to suspiciousness. 
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However, ESM is a widely used and well-validated method in psychiatric and 

schizophrenia samples (Myin‐Germeys et al., 2018; Delespaul, 1995; Myin-Germeys et 

al., 2001) and subjective reports can be reliable (Strauss, 1994). Moreover, our sample 

showed a good compliance and did not report any issues related to the use of the ESM 

app during the debriefing. We therefore have no grounds to assume that responses 

were inaccurate. Last, not all participants believed they were playing with a real human 

player, however, this was not associated with investments and adequate changes in 

investments in controls after context information and behavioural feedback indicated 

that the experimental manipulation was effective. 

 

Concluding remarks 

This is the first study to investigate the neural correlates of social context processing 

and the link with real life social engagement in social interactions in schizophrenia 

spectrum disorders. We provide evidence that patients do not modulate their 

behaviour in response to social context information (i.e. top-down processing) and 

positive behavioural cues of others (i.e. bottom-up processing). Our results point to a 

general reduced sensitivity to social information on a behavioural and neural level. The 

findings suggest that increasing trust and social interaction in patients with a diagnosis 

in the schizophrenia spectrum requires a multi-faceted approach in clinical practice, 

which considers both bottom-up and top-down processing of social information. An 

example of an intervention that incorporates these two facets is the Social Cognition 

and Interaction Training (SCIT) (Penn et al., 2007), targeting social skills bottom-up and 

social cognition top-down, which shows promising effects on social functioning. Clinical 

practice will benefit from newly developed treatments, building on the SCIT for 

instance, targeting these facets in daily life by implementing an ecological momentary 

intervention by means of a smartphone based treatment. In addition, future studies are 

warranted to investigate how this is related to fine grained assessments of functional 

capacity and real world social functioning. 
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Supplementary material A-E 

 

Supplement A: Recruitment patients and healthy controls 

The patient group was recruited via the South London and Maudsley NHS, OXLEAS, 

NELFT and SEPT NHS Foundation Trusts, the SLAM ‘Consent for Consent c4c’ initiative, 

with support of the Mental Health Research Network and via other research projects 

within the Psychosis Studies department at the Institute of Psychiatry, Psychology, 

Neuroscience (IoPPN), Kings College London. Controls were recruited through online 

announcements on local websites (e.g. Gumtree, Craigslist, Callforparticipants), via 

colleague researchers and circular emails for recruitment at the IoPPN. 

 

Supplement B: Algorithm for partner responses in the trust game 

The first repayment was either 1.0, 1.1, 1.2, 1.3, 1.4 or 1.5 times the first investment, with 

an equal chance for returns of each factor. After the first trial, the factors were updated 

depending on the amount being invested compared to the amount invested in the 

previous trial, i.e. whether this was an increase or decrease. After an increase in trust or 

investment of the maximum amount (£10), an increment of 0.05 was added to each of 

the randomly selected six factors until each of the factors reached 1.6, reflecting higher 

repayments. Each factor would decrease with the same increments (-0.05) when trust 

decreased or remained at the minimum (£0), with a minimum value of 1 for each factor, 

reflecting lower repayments. 

 

Supplement C: Whole-brain analyses: task effect 

There was no interaction effect between group and context and no main effect of 

context or group. The overall effect of context over groups is shown below. 
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Cue phase in the trust game 

 

 

 

Investment phase in the trust game 
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Repayment phase in the trust game  

 

 

Supplement D: ROI analyses over trials during the investment phase 

We obtained a trial-by-trial estimates for the investment phase, by modelling the 

investment phase of one trial as regressor of interest, with all other trial phases and 

trials combined in one regressor of no interest in a trial specific general linear model. 

Subsequently, we contrasted each estimate of the experimental trials to the 

corresponding control trial. Next, for each ROI and each subject, we extracted the 

average signal change per trial to probe group and context effects on investment-

related activation changes over trials. 

 When inspecting the trial-by-trial estimates, there were large fluctuations in 

signal from trial-to-trial, suggesting unreliable estimates, although our trial-by-trial 

estimation was based on a widely used method (Mumford et al., 2012). 
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Supplement E: Behavioural and neural associations with positive, negative symptoms 

and suspiciousness 

 

For these analyses the PANSS positive scale score and PANSS negative scale scores 

were used. For first investments, there was no significant interaction with symptoms 

and context, nor was there a main effect of positive or negative symptoms (all p > .3). 

For investments over trials, there was a significant 3-way interaction between 

positive symptoms, context and trial number (b = .02, 95% CI [.002, .02], p = .02). 

Examining this interaction further, we did not find a significant interaction between 

positive symptoms and trial number in either context, nor a main effect of positive 

symptoms (all p > .06). We found the same results for negative symptoms, with a 3-

way interaction (b = .02, 95% CI [.0009, .009], p = .02). We did not find an interaction 

effect of negative symptoms and trial number or main effects within the negative 

context and the condition without social context (all p > .12) However, we did find a 

significant interaction between negative symptoms and trial number in the positive 

context (b = .01, 95% CI [.006, .02], p = .001). 

To investigate this interaction in more detail, we made 2 symptom groups, one 

with low symptoms (PANSS score <= 12) and a high symptom group (PANSS score > 

12). The interaction was caused by slopes in opposing directions, although these slopes 

did not in- or decrease significantly within groups (p > .59). Overall, in the positive 

context, the group with higher negative symptoms invested lower amounts compared 

to the lower symptom group (b = -1.7, 95% CI [-3.44, -.03], p = .05). So, higher negative 

symptoms seem to be related to lower trusting behaviour, which might be related to 

the role negative symptoms play in (social) motivation (Brown and Pluck, 2000). 

 In addition, we examined the specific effect of suspiciousness, measured with 

item P6 of the PANSS. For first investments, there was no significant interaction with 

suspiciousness and context, nor was there a main effect of positive or negative 

symptoms (all p > .44). For investments over trials, there was no 3-way interaction 

between context, trial number and suspiciousness (p = .29), no 2-way interactions in 

the model without the 3-way interaction between suspiciousness and context (p = .16). 

However, there was a 2-way interaction between suspiciousness and trial number (b = 

.02, 95% CI [.004, .04], p = .02). To examine this interaction further we divided the 

patients into two groups by scores on the P6 item of the PANSS (low = score of 1 and 

2, high = score of 3 and up on the 7-point Likert-scale). In the low suspiciousness group, 
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patients decreased investments significantly (p < .01)., whereas the high symptom 

group did not significantly decrease investments (p = .08). 

 On a neural level, we explored whether positive, negative symptoms and level 

of suspiciousness were associated with activation in the ROIs that yielded significant 

group differences, i.e. the left dlPFC during context presentation and the caudate and 

mPFC during repayment. None of activation in these ROIs were related to symptoms 

(all p > .10). 

 Because the groups made by splitting the patient group in low and high 

symptoms are very small, these results should be interpreted with caution. 
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Abstract 

Mobile interventions may offer support to promote outcomes of individuals with 

schizophrenia spectrum disorders. This study aimed to examine the feasibility and 

effectiveness of an interactive smartphone application with experience sampling 

method (ESM) derived personalised feedback to improve daily-life social functioning 

and symptoms in schizophrenia spectrum disorders. Outpatients with a diagnosis in the 

schizophrenia spectrum (N = 50) participated in an ecological momentary intervention 

study, using an interactive smartphone application (the SMARTapp, modified from the 

PsyMateTM) for three weeks. Participants were randomly assigned to either the 

experimental group (N = 27), receiving ESM-derived personalised feedback through 

prompts, or the ESM control group (N = 23), without personalised feedback. Main 

outcomes were (momentary) symptoms and social functioning, measured by ESM, and 

lab-assessed with the Community Assessment of Psychic Experiences (CAPE) and the 

Social Functioning Scale (SFS). Additionally, feasibility and user-friendliness of the 

application were assessed. Response rate was 61% for the ESM questionnaires. In the 

feedback group, 49% of the participants indicated that they acted on at least one 

personalised feedback prompt per day. Momentary psychotic symptoms significantly 

decreased over time in the feedback group but not in the no-feedback group. 

Momentary loneliness and lab-assessed psychotic symptoms decreased over time, 

irrespective of feedback. Participants evaluated the SMARTapp as user-friendly and 

understandable. Momentary personalised feedback may impact momentary psychosis 

in daily life. Feelings of loneliness and lab-assessed psychotic symptoms may be more 

responsive to non-specific effects of daily life self-monitoring, not requiring specific 

feedback. Ecological momentary interventions are feasible in schizophrenia spectrum 

disorders and offer opportunities for accessible and effective interventions. 
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Introduction 

Schizophrenia spectrum disorders are characterised by social and community 

dysfunction (Garrido et al., 2013; Couture et al., 2006). In addition to positive and 

negative symptoms like hallucinations, delusions and anhedonia, difficulty in navigating 

the social world has a substantial impact on daily-life functioning (Velthorst et al., 2016; 

Couture et al., 2006; Fett et al., 2011b). This is reflected in key characteristics of the 

disorder, e.g. social withdrawal and poor social interactions (Penn et al., 1996; Billeke 

and Aboitiz, 2013), as well as difficulties in maintaining relationships with family and 

friends (Burns and Patrick, 2007; Pinkham and Penn, 2006). Functional and social 

impairments remain a challenge to treat (Robinson et al., 2004; Wykes et al., 2008). If 

social functions are targeted in interventions, effects often do not transfer to daily life 

(Roberts and Velligan, 2012; Pos et al., 2019; Couture et al., 2006), which may be related 

to the low (social) motivation associated with a diagnosis in the schizophrenia spectrum 

(Medalia and Saperstein, 2011). Supplementing treatment with support in real life may 

lead to greater functional improvement (Berry and Haddock, 2008; Bradshaw et al., 

2007). This is, for instance, implemented by the Social Cognition and Interaction 

Training (SCIT) (Penn et al., 2007), which facilitates practice outside the therapy sessions. 

The SCIT shows promising results on social functioning. An easy and useful, and less 

resource intensive, way to improve social functioning in the context of daily life for 

patients with a diagnosis in the schizophrenia spectrum may lie in further integration 

with mobile health applications. 

 Mobile phone ownership and the willingness to engage with mobile health 

(mhealth) is growing in populations diagnosed with a mental health disorder and up to 

81% of patients diagnosed with schizophrenia own a smartphone (Firth et al., 2015; Lim 

and Penn, 2018; Visser et al., 2018). One of the most widely-used and validated methods 

to monitor experiences and behaviour in the flow of daily life is the Experience Sampling 

Method (ESM), also called Ecological Momentary Assessment (Granholm et al., 2007; 

Granholm et al., 2011; Myin-Germeys et al., 2009; Delespaul, 1995). In ESM, participants 

answer a set of questions several times a day at random intervals, which allows for real-

time monitoring of behaviour, mood, symptoms and context. Incorporating ESM in 

mhealth interventions provides promising opportunities in promoting health behaviour 

in the general population (Heron and Smyth, 2010) and more recently, in psychiatric 

disorders (Kramer et al., 2014; Myin-Germeys et al., 2016; Visser et al., 2018; Granholm 

et al., 2007; Hartmann et al., 2015). For example, prodromal symptoms of relapse in 

schizophrenia were identified successfully by monitoring fluctuations in momentary 
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symptoms, causing a reduction of the number hospitalizations by 60% (Španiel et al., 

2008). Another mobile intervention study offered prescheduled and tailored 

interventions targeting voices, mood, sleep, social functioning and medication use. 

After using the application for one month patients showed a decrease in psychotic 

symptoms, depression and general psychopathology (Ben-Zeev et al., 2014). Others 

showed that sending automated pre-programmed personalised text messages in 

response to ESM entries increased social interactions (Granholm et al., 2011). In addition, 

motivational aspects in daily life can be targeted through a mobile intervention in an 

early psychosis sample; improving self-reported symptoms of depression, defeatist 

beliefs, self-efficacy, and showed a marginal increase in motivation and pleasure 

(Schlosser et al., 2018). While these studies yielded initial evidence of beneficial effects, 

they did not include an ESM control group. Research shows that patients often 

experience a therapeutic effect in monitoring their experiences and behaviour, whether 

they use mobile devices or a paper and pencil method. Monitor symptoms in daily life 

during cognitive behavioural therapy improves the outcome of the treatment (van Os 

et al., 2013; Firth and Torous, 2015; Torous and Firth, 2016). One study investigated a 

single-session intervention augmented by automated prompts on a mobile device in 

serious mental illness (schizophrenia and bipolar disorder). Three groups were 

included: with and without personalised cognitive behavioural therapy (CBT) prompts 

and a treatment as usual (TAU) group. The intervention resulted in modest, yet 

sustained improvement in general psychopathology, measured by questionnaires, in 

both CBT groups; with and without automated prompts. Incorporating personalised 

elements of CBT through automated prompts had an additional positive impact on 

community functioning and defeatist attitudes (Depp et al., 2018). 

 The current randomized controlled study included an experimental group that 

received personalised feedback prompts in response to their answers on the ESM 

questionnaires and an ESM control group that did not receive such feedback to 

disentangle symptom monitoring effects and personalised feedback effects. We were 

interested in whether using an interactive smartphone application is feasible in a 

schizophrenia spectrum sample and whether providing personalised ESM-derived 

feedback can ameliorate symptoms and improve social functioning. We tested the 

corresponding hypotheses: (1) the application would be usable and understandable, 

and (2) the interactive feedback group compared to the no-feedback group would 

show larger improvements over time in momentary symptoms and social functioning, 



Ecological momentary intervention in schizophrenia 

 

129 

 

as measured by ESM, and symptoms and social functioning, as measured pre- and 

post-intervention by questionnaire-based clinical measures. 

 

Methods 

Subjects 

Sixty-four individuals with a schizophrenia spectrum diagnosis were included. 

Participants were recruited through: 1) research collaborators; 2) assertive community 

treatment teams, i.e. GGZ inGeest, GGZ Delfland, Mentrum, Arkin, Altrecht, Dijk en Duin, 

and Yulius; 3) hospitals, i.e. Amsterdam Medical Centre, University Medical Centre 

Utrecht; and 4) with the help of patient- and relative associations, i.e. Anoiksis, Ypsilon, 

Phrenos, and PsychoseNet. Inclusion criteria for all participants were: a) a diagnosis in 

the schizophrenia spectrum according to the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-V; (American Psychiatric Association, 2013)); b) age between 

18-60 years; c) an IQ of above 70; d) able to read and understand Dutch; and (e) the 

ability and willingness to sign informed consent. This study was approved by the 

medical research ethics committee of the Medical Centre of the VU University 

Amsterdam [NL56511.068.16]. 

 Of the 64 participants enrolled, 14 dropped out of the study for a variety of 

reasons: one participant was excluded because of the wrong diagnosis, and for four 

participants data was lost due to technical errors during the automated data transfer. 

There were 9 non-completers, three of whom withdrew from the study due to various 

(personal) reasons, and six of whom completed fewer than 30% of the ESM 

questionnaires. Some additional information on the subjective experiences of these 

latter six participants are summarized in supplement C. There were no significant 

differences between completers and non-completers on any of the investigated 

demographic or clinical characteristics (see supplement B - Table 1). Therefore, the final 

data analysis of this study included 50 participants. 

 

Measures 

The Positive and Negative Syndrome Scale (PANSS; Kay et al. (1987)) was used to assess 

positive and negative symptoms in the two weeks before testing to get a baseline 

measure of symptoms. Participants’ subclinical self-reported positive and negative 
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psychotic symptoms one week prior to testing were assessed with the Community 

Assessment of Psychic Experiences (CAPE; Stefanis et al. (2002); (Konings et al., 2006)). 

This self-report measure is sensitive to pick up on subtle changes during the three-

week intervention period. The Social Functioning Scale (SFS; Birchwood et al. (1990)) was 

included to assess social functioning in the domains social withdrawal, interpersonal 

functioning, recreation activities and pro-social activities. Two subtests of the Wechsler 

Adult Intelligence Scale (WAIS-III; Wechsler et al. (1997)) were used as an indicator of 

general cognitive ability: the vocabulary subtest, a verbal comprehension task, and the 

letter- and number span subtest, a working memory task. 

 

The SMARTapp 

The SMARTapp (Schizophrenia Mobile Assessment and Real Time feedback 

application) was made using custom questionnaires which were built on the PsyMate™️ 

platform (www.psymate.eu), which is a platform including a smartphone app, a cloud-

based data storage and a reporting module, that allows customized collection of ESM 

data (thoughts, feelings, and behaviour) in everyday life. Research has shown that 

patients found the PsyMateTM application user-friendly and that it is easily accessible 

even for people who are not acquainted with smartphones and its applications (Myin-

Germeys et al., 2011). Participants were randomly assigned to either of two groups: (1) 

one where the SMARTapp provided feedback according to the participants’ daily ESM 

entries, or (2) one where the SMARTapp included only ESM questionnaires without 

personalised feedback. 

 All participants completed up to six short ESM questionnaires daily when 

prompted by a beep, for a duration of three weeks. In the morning, all participants 

received a medication and morning hygiene reminder. The ESM-beeps occurred semi-

randomly between 9:00 and 22:00; within time blocks of 130 minutes to ensure accurate 

representation of the flow of their daily lives. Symptoms, social activities and mood 

were assessed. Furthermore, participants were asked to fill in one additional evening 

questionnaire before they went to bed (available from 20:00 until 04:00). This 

questionnaire asked general questions about their day (e.g., “I have been alone for 

most part of the day”), and whether using the application had influenced their day. 

Questions were answered on a 7-point Likert scale, by fixed answer choices or with a 

binary yes/no answer. Items that were used to measure social functioning included 

questions about social engagement, feelings of exclusion and loneliness (see 
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supplement D - Table 1 for ESM questions). Symptoms were assessed in the domain of 

psychotic experiences and positive and negative affect (e.g. cheerful, relaxed, irritated, 

ruminating) as previously used by others (Myin-Germeys et al., 2009; Kramer et al., 

2014). 

 

Personalised feedback vs no-feedback group  

The SMARTapp was identical for both groups, except that one group received 

personalised interactive ESM-derived feedback from the application in the form of two 

tailored prompts a day. The prompts provided suggestions for a certain activity or 

behaviour change, depending on the previous ESM answers. The application provided 

feedback in the following categories: a) psychotic symptoms, b) social engagement, c) 

health behaviour (i.e. sleep, eating), d) physical activity, and e) mood and emotion. 

Feedback-prompts were programmed in such a way that even if ESM questions were 

answered in a similar fashion, participants did not receive the same prompt twice in a 

day. In the evening questionnaire, the feedback group was asked whether they acted 

upon the suggestions or not. 

 

Procedure 

All participants received written information by mail or e-mail prior to the first visit. 

They were asked to complete a personal-items-checklist regarding their favourite 

activities, coping mechanisms and social contacts, and to bring this list with them to 

the first (baseline) session. Testing took place at the VU University Amsterdam. 

Participants first gave written informed consent and then completed a battery of clinical 

measures (see Figure 1). Participants who did not own a smartphone (14% across 

completers and non-completers), were provided with one (model: LG K120E), and for 

them additional training was provided on how to use the smartphone. The application 

was personalised for all participants, both with and without feedback, according to the 

personal preferences of the participant. For instance, participants filled in enjoyable 

activities, several social contacts, comforting thoughts and relaxing activities. They 

could access the comforting thoughts and relaxing activities at any time in the 

application. Other information, i.e. enjoyable activities and social contacts, were used 

to provide personalised feedback (see Supplement A for personal list and coping tips). 

After this, the different elements in the SMARTapp were explained, as well as the 



Chapter 7 

132 

 

meaning of the questions and response options and participants completed a practice 

ESM questionnaire together with the researcher. Participants were instructed to carry 

their phone with them and to complete the ESM questions whenever possible. They 

received written information about the study to take home. 

 Participants used the application for a period of 21 days. On day two and day 

seven participants were contacted by phone to check for technical difficulties and 

whether they had any additional questions. A contact number was provided for 

technical support. All data was automatically uploaded to a secure server according to 

the EU data protection guidelines.  

 After three weeks participants attended the second session during which they 

completed the post-measures (see Figure 1). To make sure that the load of the first 

session was not too much, we assessed the WAIS in the second session. Participants 

were then asked about their experiences with the application to assess feasibility and 

after this they were debriefed about the two conditions and the purpose of the study. 

After revealing their SMARTapp version, participants in the no-feedback group were 

offered to continue using the application with interactive feedback. All participants were 

given 150 Euro for study participation. 

  

Figure 1 | An overview of the study procedure. 
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Data analysis 

Statistical analyses were conducted using STATA 14.1 (StataCorp, 2015). To inspect the 

differences between groups on demographics and clinical characteristics at baseline 

regression analyses and chi-square tests were used. 

 For the ESM questions, a mean per beep was calculated for each participant 

for psychotic symptoms (‘suspicious’, ‘disliked’, ‘harmed’, ‘voices’, ‘apparitions’), positive 

affect (‘cheerful’, ‘relaxed’, ‘content’), and negative affect (‘irritated’, ‘sad’, and 

‘ruminating’). These were used as dependent variables, as were social functioning 

outcomes (‘prefer not to be alone’, ‘feeling excluded’ and ‘feeling lonely’), the evening 

question (‘I have been alone for the most part of the day’) and questionnaire outcomes 

(CAPE and SFS). Mixed multilevel regression analyses were used to account for 

repeated observations within subjects (minimum of 38 per participant, 30 % of the 

beeps in 21 days), with group (feedback vs. no-feedback) and time (all ESM 

questionnaires over time / baseline - post intervention) and their interaction as 

independent variables. In a similar fashion, logistic multilevel regression analyses were 

run to examine being alone (yes/no) over time. 

 

Results 

Demographics and baseline symptoms 

Participant demographic information and clinical characteristics are shown in Table 1. 

The feedback and the no-feedback group differed in baseline negative symptoms; the 

feedback group had a lower negative PANSS scale score than the no-feedback group. 

The CAPE and SFS baseline scores are displayed in Table 3. The feedback group had a 

significantly higher score on interpersonal functioning at baseline measured with the 

SFS (b = -0.71, 95%CI [.16, 1.27], p = .01), all other CAPE and SFS baseline scores did 

not differ between groups (all p ≥ .21). 

 

SMARTapp use 

The completers replied to 80 beeps (SD = 22.3) over three weeks (64%). The minimal 

was 40, maximum 126 (of 126). Including the six non-completers, who were dropped 

because of too little beeps, an average of 74 beeps (SD = 27.1) were completed (59%). 
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Table 1  

Demographics and baseline clinical characteristics 

 

 

Feedback 

N=27 

No-Feedback 

N=23 

 

 

 

Statistic 

 

 

 

p 

 

 

 

95% CI 

N (%) /  

M (SD) 

N (%) /  

M (SD) 

Age 37.9 (8.6) 40.3 (10.9) b = -.007 .38 [-.02, .008] 

Gender, N male (%) 18 (66.7) 14 (60.9) χ2= 0.18 .67  

Living status 

   Alone 

   With partner and or children  

   With family/friends/roommate 

   Other 

 

21 (77.8) 

3 (14.3) 

3 (11.1) 

- 

 

15 (65.2) 

4 (17.4) 

1 (4.35) 

 3 (13.0) 

χ2= 4.85 .18  

Working status 

   Employed 

   Unemployed 

   Unstructured activities 

   Other 

 

7 (25.9) 

4 (14.8) 

10 (37.0) 

6 (22.2) 

 

7 (30.4) 

4 (17.4) 

8 (34.8) 

4 (17.4) 

χ2= 1.95 .58  

WAIS Vocabulary 45.3 (10.8) 45.6 (10.8) b = -.0007 .92 [-.01, .01] 

WAIS Letter number span 10.3 (2.1) 9.7 (3.0) b = .02 .44 [-.04, .08] 

Diagnoses 

   Schizophrenia 

   Schizoaffective disorder 

   Psychotic disorder 

   Schizophreniform disorder 

 

12 (44.4) 

10 (37.0) 

4 (14.8) 

1 (3.7) 

 

14 (60.9) 

6 (26.1) 

3 (13.0) 

- 

χ2= 1.99 .58  

Medication 

   Atypical antipsychotics 

   Typical antipsychotics 

   None 

 

18 (66.7) 

6 (22.2) 

3 (11.1) 

 

21 (91.3) 

1 (4.4) 

1 (4.4) 

χ2= 4.51 .11  

PANSS      

general [range 16-112] 28.1 (7.6) 28.7 (6.4) b = -.003 .77 [-.02, .02] 

negative [range 7-49] 12.0 (4.3) 15.5 (5.6) b = -.03 .02 [-.06, -.006] 

positive [range 7-49] 15.2 (5.5) 15.1 (6.1) b = -.0007 .96 [-.02, .02] 

 

No significant differences were found for completion between the feedback and no-

feedback group (p = .76). The same pattern was found including the six non-completers 

(p = .81). The completion rate for evening questionnaires 18 (SD = 4.1 or 84% (range 2 

to 21 = max.). There were no significant differences between the feedback and no-

feedback group (p = .40). 

At the end of the day, the interactive version of the application asked 

participants whether they acted on the feedback suggestions. Participants reported that 

on 49% of the ESM days they followed at least one of the two suggestions they got 

from the personalised prompts. The percentage of given feedback in each category 
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was: 1) psychotic symptoms 7.5%, 2) social engagement 17.1%, 3) health behaviour 

10.8%, 4) recreational or physical activity 43.9%, and 5) mood 20.3%. 

 

Change in momentary symptoms and social functioning 

Averages of ESM outcomes per week are displayed in Table 2. There was a significant 

group-by-time interaction for momentary psychotic symptoms measured by ESM (b = 

-0.005, 95%CI [-.01, -.0006], p = .03). Analysis by group showed that psychotic 

symptoms significantly decreased in the feedback group (b = -0.003, 95%CI [-.006, .-

0005], p = .02), Cohen's d = -0.30 (week 1 to week 3). This decrease was not found in 

the no-feedback group (b = 0.002, p = .31). No group-by-time interaction or main 

effects in the model without the interaction were found for positive or negative affect 

(all p ≥ .24). 

 

 

For the preference not to be alone or feeling excluded by others there was no group-

by-time interaction or main effects of group or time in the model without the 

Table 2 

ESM outcomes by week for the no-feedback and feedback group 

 Feedback (N = 27)  No-feedback (N = 23)  

Week 1 Week 2 Week 3 Week 1 Week 2 Week 3 

ESM outcomes        

Psychotic 

symptoms 

1.48 (0.86) 1.34 (0.66) 1.26 (0.59) ↓* 1.62 (0.79) 1.62 (0.89) 1.72 (0.96)  

Positive affect 5.19 (1.11) 5.21 (1.16) 5.31 (1.18)  4.81 (1.51) 4.96 (1.58) 4.81 (1.60)  

Negative 

affect 

2.01 (1.13) 2.01 (1.20) 1.91 (1.07)  2.28 (1.38) 2.14 (1.38) 2.28 (1.43)  

Loneliness 2.15 (1.48) 2.08 (1.49) 1.91 (1.33) ↓* 2.53 (1.78) 2.26 (1.69) 2.44 (1.74) ↓* 

Feeling 

excluded 

1.78 (1.26) 1.74 (1.25) 1.62 (1.17)  1.88 (1.37) 1.98 (1.48) 1.92 (1.37)  

Prefer not to 

be alone 

2.83 (1.65) 2.98 (1.72) 2.70 (1.74)  3.06 (1.94) 3.09 (2.07) 3.26 (2.16)  

Being alone 59.9% 62.4% 62.1%  55.3% 56.4% 55.2%  

Evening questionnaire        

Alone most of 

the day 

3.16 (1.89) 3.04 (1.85) 2.84 (1.79)  2.93 (1.96) 2.99 (1.89) 2.92 (1.82)  

* significant decline p < 0.05 
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interaction (all p ≥ .34), nor was there any effect on being alone measured by the 

evening questionnaire (all p ≥ .10). There was no group-by-time interaction and, in the 

model without the interaction, no group effect on loneliness (both p ≥ .48), however, 

loneliness did decrease significantly over time in both groups (b = -.004, 95%CI [-.007, 

-.0009], p = .01), Cohen's d = -0.11 (week 1 to week 3). Multilevel logistic regression 

analyses showed no significant group-by-time interaction, nor any main effects on 

being alone in the model without the interaction (all p ≥ .69). 

 

Change in questionnaire-based measures of symptoms and social functioning 

We examined the effect of group on questionnaire measures for symptoms and social 

functioning (for pre- and postscores see Table 3). For CAPE positive symptoms there 

was no group-by-time interaction or a main effect of group in the model without the 

interaction (both p ≥ .59), however, there was a main effect of time (b = -2.5, 95%CI 

[.20, .32], p < .01), showing less positive symptoms post-intervention in both groups. 

For the negative and depressive dimension there were no significant interaction or main 

effects (all p ≥ .08). 

 

 

Table 3  

Pre- and post-intervention levels of lab-assessed symptoms and social functioning 

 

 

Feedback (N = 27) 

Mean (SD) 

No-Feedback (N = 23) 

Mean (SD) 

Pre-

intervention 

Post-

intervention 

 Pre-

intervention 

Post-

intervention 

 

CAPE       

positive [range 20-80] 29.3 (9.5) 27.2 (8.8) ↓* 30.9 (9.9) 27.8 (7.0) ↓* 

negative [range 14-56] 27.5 (8.6) 25.3 (8.0)  27.6 (8.8) 26.9 (8.9)  

depressive [range 8-32] 14.9 (4.8) 13.8 (3.8)  15.7 (6.2) 15.2 (5.8)  

SFS       

social withdrawal [max. 15] 9.9 (2.5) 10.1 (2.4)  9.3 (2.9) 9.3 (3.1)  

interpersonal functioning 

[max. 9] 

6.9 (0.9) 6.9 (0.9)  6.2 (1.1) 6.1 (1.9)  

prosocial activities [max. 66] 17.9 (9.4) 17.4 (9.8)  14.5 (9.2) 13.6 (7.6)  

recreational activities [max. 

45] 

21.0 (5.3) 20.8 (4.9)  20.4 (7.7) 19.3 (7.2)  

* significant decline p < .05      
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There was no group-by-time interaction for SFS interpersonal functioning (p = .81), 

however, in the model without the interaction, there was a significant effect of group 

on the SFS interpersonal functioning subscale (b = .76, 95%CI [.20, .32], p < .01), 

indicating that the feedback group had higher baseline and post-intervention levels of 

interpersonal functioning, which did not change over time (p = .83). The SFS subscales 

social withdrawal, prosocial activities or recreational activities did not show any 

significant effects (all p ≥ .13). 

 

Participant evaluation of the application 

Participants rated the SMARTapp as easy to use (94%) and appealing (95%), indicated 

that questions were clear (80%), and generally felt that they could reflect their 

experiences well through the questions provided by the application (68%). Seventy-

four percent of the participants opened the coping tips, and 54% found them useful 

(43% neutral, 3% not useful). In the no-feedback group, 38% found the application 

annoying at some point compared to 73% in the feedback group (significantly different, 

χ2= 5.06, p = .03), for example, some participants indicated that there were too many 

beeps during the day and that they sometimes felt disturbed in their activities by the 

beep. 

 

Discussion 

This ecological momentary intervention study aimed to investigate whether an 

interactive smartphone application providing personalised feedback was feasible in 

schizophrenia spectrum disorders and whether it would improve psychotic symptoms 

and social functioning. One group received personalised ESM-derived feedback, while 

the other group received the ESM questionnaires without any personalised feedback, 

to disentangle the ESM and feedback effects. The findings indicate good feasibility, with 

high compliance to the application that was rated as user-friendly and understandable. 

Receiving personalised feedback was associated with a reduction in momentary 

psychotic symptoms, measured in daily life, in comparison to the no-feedback group. 

Regardless of whether participants received feedback or not; feelings of loneliness 

decreased and psychotic symptoms as measured by the CAPE questionnaire decreased. 
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Effect of the SMARTapp on symptoms and affect 

As hypothesized, momentary psychotic symptoms showed a significant decrease over 

time in the feedback, but not in the no-feedback group, suggesting a beneficial effect 

of the provided prompts. While the no-feedback group showed no changes in 

momentary psychotic symptoms, a positive effect on psychotic symptoms in both 

groups was found on the CAPE questionnaire, showing that psychotic symptoms 

declined after three weeks. It may be that the no-feedback group, in retrospect, 

subjectively rated positive symptoms as being lower in the last 3 weeks, while this was 

not confirmed by the daily ESM entries, possibly reflecting differences between in the 

moment and retrospective ratings (Moran et al., 2017). The difference may be related 

to the reliance on patients’ long-term memory about their experiences or feelings in 

the previous weeks. Prospective measurements better reflect the actual mental states. 

Accumulated sampled measurements best reflect the mental state during the period. 

Contrary to our hypothesis, no significant group difference was found for negative 

symptoms measured by the CAPE. Both groups showed a decline in negative 

symptoms, although this did not reach significance (p = .075).  

 Momentary positive or negative affect did not change over time and did not 

differ between groups. This may be related to relatively high average of positive affect 

and a low average of negative affect at the beginning of this study (e.g. ceiling and 

floor effects) (Huppert, 2001) or it may be that the application does not impact on affect, 

which seems to be in line with results from an ecological momentary intervention study 

in depression (Hartmann et al., 2015). 

 

Effect of the SMARTapp on social functioning 

We found a decrease in loneliness over time in both groups, as indicated by ESM 

entries. We did not find an effect on social engagement (i.e. being alone). This does not 

support the hypothesis that participants in the feedback group would show greater 

improvement in social engagement than the no-feedback group. Decreasing loneliness 

is important, because loneliness ratings among individuals with a schizophrenia 

spectrum disorder are high (up to 80%) (Stain et al., 2012) and loneliness is a significant 

contributor to quality of life and subjective well-being (Eglit et al., 2018). The decrease 

in loneliness may be partly explained through use of the application itself, related to 

the monitoring of experiences or coping tips (van Os et al., 2013; Firth and Torous, 2015; 
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Torous and Firth, 2016) or by the regular contact with the research team. In addition, 

participants may be more inclined to enrol in a treatment study when they are more 

symptomatic and therefore, these improvements in loneliness, and in positive 

symptoms measured by the CAPE, could possibly reflect a relative turn towards the 

better during the fluctuating course of their illness. During the evaluation of the 

SMARTapp, some participants indicated that ‘it felt like someone was there for them’ 

and ‘someone listened to them’ while using the application. Future research with a 

waitlist control group will be necessary to disentangle these effects. 

 Overall and the distinct domains social functioning, as measured by the SFS, 

did not change over time and did not show a differential effect of feedback vs. no-

feedback. Other research also failed to find effects of interactive feedback on 

questionnaire-based assessments of symptoms and functioning (Granholm et al., 2011), 

but did find an effect on daily-life social engagement in a 12-week intervention. It is 

possible that questionnaire measures may not be sensitive enough to detect subtle 

changes in social functioning and that the study period of three weeks was too short 

to have a significant beneficial effect on social interactions. Integrating more sensitive 

measures, e.g. performance-based measures of social competence, might be more 

successful in detecting changes in functioning (Bowie et al., 2008) and it may be helpful 

to include (social) motivational aspects specifically in a mobile intervention to increase 

social engagement (Schlosser et al., 2018). In addition, integrating mobile sensing, i.e. 

acquiring data from the environment through a smartphone, may be useful to detect 

subtle changes in activity levels in an objective way, through geolocations or telephone 

calls in patients’ daily live context (Seppälä et al., 2019; Ben-Zeev et al., 2015). Future 

studies including personalised feedback may benefit from incorporating video’s as 

feedback, since studies show that patients prefer video interventions because they are 

found to be more personal, engaging, and helpful than written interventions (Ben-Zeev 

et al., 2018). 

 

Feasibility of the SMARTapp 

The mobile phone ownership of participants in this study was high (86%) and in line 

with previous literature (Firth et al., 2015; Lim and Penn, 2018; Visser et al., 2018). Results 

on the feasibility of the application were generally positive and compliance was high 

(64% of the ESM questionnaires and 84% of the self-initiated evening questionnaires). 

The completion did not change over the three week course (63.5%, 51.3% end 66.7% 
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respectively). Also, patients receiving ESM‐derived feedback attempted to apply 

suggestions to their daily lives. Participants generally found the application easy to use, 

appealing and the questions clear and easy to understand. The feedback group 

indicated more annoyance from the application, which may be related to a higher 

number of beeps in total compared to the no-feedback group causing more irritation 

and disruptions in daily life. Not all participants indicated a reason for feeling annoyed; 

therefore we cannot pinpoint the precise reason. However, some participants indicated 

that they sometimes received feedback that was not relevant at the time that they 

received it. For example, receiving feedback about contacting someone after being 

alone for most part of the day may not be relevant anymore if the participant just visited 

a friend or family member. On the other hand, we speculate that participants’ 

annoyance may increase because they find it hard to find the motivation to call 

someone or to go and be active, even after receiving a feedback suggestion. Future 

studies should elucidate what the optimal number of beeps is to foster continuous 

engagement with the app, but not disturbance. In addition, feedback options may be 

enriched by advice from the patient community, to ensure more relevant and creative 

suggestions. 

 

Limitations and future directions 

Some limitations must be considered with respect to the study findings. First, the results 

should be considered as preliminary because of a relatively small study sample, which 

may not provide sufficient power to pick up on interaction effects. Second, the 

intervention period of three weeks was relatively short. Mobile interventions may need 

a longer period of time to be able to promote long-term lifestyle changes rather than 

in the moment coping strategies (Ben-Zeev et al., 2014). However, one of the biggest 

advantages of working with ESM data is that through this collection technique subtle 

changes can be detected that might not be detected by standard questionnaire 

measures (Kimhy et al., 2012; van Os et al., 2013; Delespaul, 1995). Third, multiple topics 

of symptoms, functioning and health-related behaviour were included in the feedback 

prompts. Because of this, prompts were not solely directed to symptoms or social 

behaviour. A stronger focus on feedback targeting social functioning may be more 

effective in improving functional outcome. Last, the study had no waitlist/treatment as 

usual control group; as such we cannot compare the results in the current study to TAU 

and are unable to differentiate between ESM without feedback and TAU influences. 
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Conclusion 

This study suggests that mobile applications are feasible and incorporating 

personalised feedback prompts could be beneficial for individuals with a schizophrenia 

spectrum disorder in reducing momentary psychotic symptoms. Decreased feelings of 

loneliness and questionnaire measured psychotic symptoms for all participants may be 

related to positive effects of monitoring symptoms and experiences in daily life, study 

participation or a natural change for the better. Smartphone-based modalities with 

personalised feedback offer opportunities for simple and accessible interventions. They 

also offer a way to empower patients to take an active role in their mental health 

management. For future studies, it would be of particular interest to investigate 

whether the close integration of mobile interventions with personalised feedback in 

existing face-to-face treatments could further improve outcomes. 
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Supplementary material A - D 

 

Supplement A: The personal list and coping tips 

To make sure the application was engaging and the feedback more personal, the 

application was personalised together with the research assistant at the end of the 

baseline session. Personalisation of the SMARTapp consisted of entering several 

aspects in the application: (i) activities the participant enjoys doing, (ii) important 

contacts, (iii) activities the participant finds relaxing, and (iv) comforting thoughts. The 

personal list, thus, consisted of an overview of what the participant filled in during the 

baseline session and could be looked into at any time necessary. These personal items 

were used in the personalised suggestions that the feedback group received. 

 The coping tips allowed users to access resources and suggested coping 

strategies from a menu of categories, e.g. physical activity, social activity, relaxation, 

dealing with symptoms, and sleeping. The coping tips were available at any time in 

both versions of the application. Participants were instructed to use the coping tips 

whenever they felt that they needed support. 
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Supplement B: Table 1 - Demographic and clinical characteristics 

 

Supplementary Table 1 

Demographics and clinical characteristics at baseline for completers and non-completers 

 

 

Completer 

N=50 

M (SD) / % 

Non-Completer 

N=9 

M (SD) / % 

Statistic p 95% CI 

Age - M (SD) 39.0 (9.7) 43.4 (7.8) b = -.006 .21 [-.02, .004] 

Gender (% male) 32 (64.0) 6 (66.7) χ2= 0.02 .88  

WAIS Vocabulary 45.4 (10.7) 41.7 (13.1) b = .003 .41 [-.005, .01] 

WAIS Letter number span 10.0 (2.5) 8.0 (3.4) b = .03 .06 [.25, .90] 

Living status 

   Alone 

   With partner and or children  

   With family/friends/roommate 

   Other 

 

36 (72.0) 

7 (14.0) 

4 (8.0) 

3 (6.0) 

 

6 (66.7) 

3 (33.3) 

- 

- 

χ2= 2.97 .40  

Working status 

   Employed 

   Unemployed 

   Unstructured activities 

   Other 

 

18 (36.0) 

11 (22.0) 

11 (22.0) 

10 (20.0) 

 

2 (22.2) 

2 (22.2) 

- 

5 (55.6) 

χ2= 6.20 .10  

Diagnoses (%) 

   Schizophrenia 

   Schizoaffective disorder 

   Psychotic disorder 

   Schizophreniform disorder 

 

26 (52.0) 

16 (32.0) 

7 (14.0) 

1 (2.0) 

 

6 (66.7) 

2 (22.2) 

1 (11.1) 

- 

χ2= 0.77 .86  

Medication (%) 

   Atypical antipsychotics 

   Typical antipsychotics 

   None 

 

39 (78.0) 

7 (14.0) 

4 (8.0) 

 

5 (62.5) 

3 (38.5) 

- 

χ2= 3.07 .22  

PANSS      

general [range 16-112] 28.4 (7.0) 30.0 (8.6) b = -.004 .54 [-.02, .01] 

negative [range 7-49] 13.62 (5.2) 14.3 (3.0) b = -.004 .69 [-.02, .02] 

positive [range 7-49] 15.2 (5.4) 15.3 (8.0) b = -.0006 .95 [-.02, .02] 

CAPE      

positive [range 20-80] 30.0 (9.6) 24.4 (5.4) b = 5.56 .1 [-1.07, 12.18] 

negative [range 14-56] 27.5 (8.6) 23.0 (7.0) b = 4.54 .14 [-1.56, 10.64] 

depressive [range 8-32] 15.2 (5.5) 12.2 (3.3) b = 3.00 .17 [-.77, 6.77] 

SFS      

social withdrawal [max. 15] 9.6 (2.7) 11.1 (2.2) b = -1.49 .13 [-3.41, .43] 

interpersonal functioning [max. 9] 6.6 (1.0) 6.2 (1.5) b = .34 .40 [-.47, 1.14] 

prosocial activities [max. 66] 16.3 (9.4) 18.8 (10.1) b = -2.46 .48 [-9.31, 4.39] 

recreational activities [max. 45] 20.8 (6.4) 21.8 (7.3) b = -1.02 .67 [-5.77, 3.73] 
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Supplement C: Additional information non-completers due to < 30% of beeps 

Six out of the 9 non-completers were dropped because of too little beeps (< 30%). 

According to the evaluation/debriefing questionnaire five out of the six drop outs were 

positive about the app. They found the app useful, easy to use, clear, fun and 

interesting. One participant said that he found it difficult to comply because the beeps 

annoyed him. However, he liked the relaxation exercises offered in the app. One 

participant indicated that he preferred more and louder beeps. Four non-completers 

replied that the intervention was stressful due to personal reasons (e.g. relationship 

ended, bird died, going through a divorce and a recurrent trauma and jobhunting 

pressure). One participant in the feedback group indicated that the feedback was not 

always useful or did not fit well. 

 

Supplement D: Table 1 - Main outcomes: ESM questions  

Table 2  

Main outcomes: ESM questions 

Category 

 

Example answer possibilities 

Social functioning  

Who is with you at this moment? No-one  

 Partner, family or friends 

 Co-workers or acquaintances 

 Strangers 

I would rather be in the company of others 1: Not at all → 7: Very much so 

I feel lonely 1: Not at all → 7: Very much so 

I feel excluded by others 1: Not at all → 7: Very much so 

Psychotic Symptoms  

I feel like others do not like me 1: Not at all → 7: Very much so 

I feel like others want to harm me 1: Not at all → 7: Very much so 

I am hearing voices  1: Not at all → 7: Very much so 

I am seeing things that others cannot see 1: Not at all → 7: Very much so 

How suspicious do you feel right now? 1: Not at all → 7: Very much so 

Positive affect  

I feel cheerful 1: Not at all → 7: Very much so 

I feel relaxed 1: Not at all → 7: Very much so 

I feel content 1: Not at all → 7: Very much so 

Negative affect  

I feel irritated 1: Not at all → 7: Very much so 

I feel sad 1: Not at all → 7: Very much so 

I am ruminating 1: Not at all → 7: Very much so  
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Objectives and main findings 

The main objectives of the research presented in this dissertation were: a) to gain 

insight in the mechanisms of social interactions, social reward and social context 

processing and their neural underpinnings in schizophrenia spectrum disorders, b) to 

elucidate the familial liability of schizophrenia spectrum disorders on non-social and 

social reward processing and learning, c) to examine the feasibility and effectiveness of 

an ecological momentary intervention to improve symptoms and social functioning in 

daily life of patients with a schizophrenia spectrum disorder. In this dissertation, review 

of literature, game theoretical paradigms, neuro-imaging, and randomised controlled 

intervention methods were used to gather evidence from a wide range of research 

methods, from more basic research to clinical application. 

 The literature review in chapter 2 was conducted to examine cognitive 

functioning in schizophrenia spectrum disorders. The findings highlight the importance 

of neuro- and social cognitive impairments. Neurocognitive abilities, such as executive 

functioning, memory and processing speed, are often diminished in patients. Social 

cognitive mechanisms are impaired as well, such as mentalising, emotion perception 

and social perception. Both are predictors for daily-life functioning, however, research 

has shown that social cognition is an even better predictor for problems in everyday 

functioning than neurocognition. Neuro- and social cognitive impairments are seen 

before the disorder is fully manifest and are also present in first-degree relatives, albeit 

in a less severe form, suggesting that they are a possible endophenotype. 

 Reward processing and the underlying neural mechanisms were examined in 

first-degree relatives of patients with a disorder in the schizophrenia spectrum in 

chapter 3 to elucidate the familial risk. Results showed that relatives demonstrate 

higher activation in brain areas typically associated with the default mode network 

(DMN) during reward anticipation and reward consumption, but no altered brain 

activity in classical reward related brain areas. These findings may point to reduced 

task-related suppression of the DMN, which may reflect increased processing demands 

on reward-related tasks, even though this is not yet manifest at the behavioural level. 

Abnormal neural responses during reward processing in relatives may suggest that 

reward processing deficits are at least partly caused by a familial risk in the 

schizophrenia spectrum. 

 Chapter 4 focussed on social and non-social reward learning in patients with 

a schizophrenia spectrum diagnosis and healthy first-degree relatives. Processing social 



General discussion 

 

149 

 

rewards is suggested to be more complex compared to non-social rewards, as it 

requires social cognitive skills on top of processing rewards. Patients and relatives 

showed reduced reward learning, regardless of the social or non-social context, 

reflected in less steep or decreasing slopes (i.e. investments over game rounds in the 

trust game and a lottery game), while healthy control subjects learned equally well in 

both paradigms, reflected in increasing slopes. Findings indicate that individuals with a 

disorder in the schizophrenia spectrum show no aggravating effect of social rewards 

beyond non-social rewards, but rather a general insensitivity to reward, which may be 

related to a familial risk in the schizophrenia spectrum. 

 Social group interactions were investigated in chapter 5. Findings show that 

patients had a lower initial inclination to cooperate in social groups, as indicated by a 

lower level of baseline investments into the public good in the public goods game 

(PGG), compared to healthy controls. However, patients seem to be sensitive to social 

enforcement in group interactions, indicated by an increase in cooperation in patients 

and controls when punishment, i.e. social feedback, was allowed compared to the 

condition where fining was not allowed. Cooperation increased similarly in both groups 

after actually being punished, i.e. receiving negative social feedback. It is possible that 

patients initially defect because they are less trusting due to fear of uncooperative 

behaviour of others, which may be caused by negative beliefs about other individuals. 

This chapter contributes to unravelling the dynamics of interactions in social groups in 

patients with a disorder in the schizophrenia spectrum. 

 Social context processing in social interactions in patients with a diagnosis in 

the schizophrenia spectrum, its neural underpinnings and relation to daily life social 

engagement, measured with the experience sampling method (ESM), was examined in 

chapter 6. Patients showed no differential effect of prior positive and negative social 

information on first investments, whereas controls showed a distinct context effect. In 

patients compared to controls lower engagement of the left dorsolateral prefrontal 

cortex (dlPFC) was found during context presentation. No differential effect of context 

was found, indicating a general reduced sensitivity on the neural level as well as the 

behavioural level. In addition, patients did not increase trust in response to benevolent 

behavioural feedback. This was also reflected in brain activation: lower activation 

compared to controls was found in the right caudate during the receipt of the reward, 

which suggests reduced social reward processing on both the behavioural and the 

neural level. In addition, patients spent more time alone in daily life compared to 

healthy controls, but this was not associated with aberrant neural activation. Findings 
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in this chapter point to both top-down, i.e. social context processing, and bottom-up, 

i.e. feedback learning, impairments in patients. 

 An ecological momentary intervention study was investigated in chapter 7, 

including two groups, one receiving personalised ESM-derived feedback and one 

without feedback. The findings reveal that compliance to a mobile health (mhealth) 

application, incorporating ESM to assess behaviour and experiences in daily-life 

context, was high and that the application was rated as user-friendly. The group 

receiving personalised ESM-derived feedback showed a decrease in momentary 

psychotic symptoms in real life. In addition, in both groups feelings of loneliness 

decreased and lab-based measured psychotic symptoms declined, regardless of 

receiving feedback or not. This chapter highlights the importance and opportunities of 

momentary ecological interventions in patients with a diagnosis in the schizophrenia 

spectrum. 

 

This final chapter integrates the evidence of the previous chapters and describes how 

the findings in this dissertation advance the understanding of social interactions and 

(social) reward in schizophrenia spectrum disorders, with reference to its neural 

correlates and relation to the familial risk. In addition, the promising possibilities of 

ecological momentary interventions for patients are discussed. This chapter puts the 

main findings in a broader perspective and discusses the implications for clinical 

practice and future research. 

 

Reward and social reward learning 

A large part of this dissertation focussed on different aspects of reward learning and 

implications for behaviour in schizophrenia spectrum disorders. Rewards can be 

defined as desirable outcomes that influence goal-directed behaviour, which makes 

reward processing and learning one of the most important mechanisms to guide 

human behaviour and navigate everyday (social) life successfully. Engaging in social 

interactions is perceived as rewarding by healthy individuals (Krach et al., 2010) and this 

rewarding nature underlies the motivation to participate in the social world. Processing 

social rewards is more complex than non-social rewards, as it requires unique social 

information processing skills (Behrens et al., 2008), such as mentalising abilities (Van 

Overwalle, 2009; Frith and Frith, 2006b), on top of more basic reward related processes. 
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These social cognitive processes are impaired in patients with disorder in the 

schizophrenia spectrum, as discussed in chapter 2. One fundamental question 

therefore is whether impairments in social interactions are based on specific difficulties 

with processing social information or reward processing deficits in general. Findings 

from this dissertation on processing (social) rewards contribute to filling this gap in the 

literature. 

Chapter 4 shows that schizophrenia spectrum disorders are accompanied by 

non-social reward learning impairments, which is in line with previous literature on 

reward learning (Murray et al., 2008a; Waltz et al., 2013; Gold et al., 2008; Strauss et al., 

2014). Processing social cues in interpersonal interactions was hypothesised to 

aggravate social reward learning beyond non-social reward learning, since patients 

have impairments in social cognitive skills, as described in chapter 2. Nevertheless, the 

results in chapter 4 point to a general reduced sensitivity to rewards instead of an 

aggravating effect of social information, which was unrelated to symptom severity. 

Learning deficits in the trust game are in agreement with previous studies in chronic 

patients (Gromann et al., 2013; Fett et al., 2012b), but not in first-episode patients 

(Lemmers-Jansen et al., 2019). Lee and colleagues (2018) examined social and non-

social reward learning during an implicit reinforcement learning task and did not find 

any behavioural differences between patients and controls in both learning paradigms. 

These differences may be related to the nature of the trust game and lottery game in 

this dissertation, during which more complex (social) decision-making during 

interactions were probed. 

Evidence for reward learning difficulties is strengthened by the findings in 

chapter 6. Patients show a reduced sensitivity to learn from social rewards, reflected in 

a failure to increase trust after benevolent behavioural partner feedback. This is 

indicative of bottom-up processing deficits, i.e. the ability to use and integrate feedback 

or reward learning to adjust behaviour. However, findings from chapter 5 suggest that 

bottom-up processing of negative behavioural feedback might be intact in interactions 

in social groups. Cooperation could be socially enforced by negative social feedback in 

both groups, indicating that patients and controls were equally sensitive to punishment. 

The opposing findings may imply that bottom-up processing of negative feedback, i.e. 

punishment, is intact, whereas bottom-up processing of positive information, i.e. 

benevolent partner feedback, is impaired. There is some evidence for unimpaired 

sensitivity to punishment in schizophrenia (Cheng et al., 2012). Moreover, in studies 

employing the trust game with cooperative and uncooperative game partners, patients 
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did not demonstrate abnormal levels of trust when they were interacting with an 

uncooperative partner (Campellone et al., 2016a; Gromann et al., 2013; Fett et al., 

2012b), indicative of possible intact bottom-up processing of negative social interaction 

outcomes. In chapter 5, patients with more severe positive symptoms showed an 

increase in cooperation over time in group interactions, compared to a decrease in 

cooperation in the lower symptom groups and the healthy control group. Consequence 

of this behaviour in a public goods paradigm is not maximizing gains, which could also 

be interpreted in light of aberrant reward learning described in this dissertation. Positive 

symptoms may be related to making choices without fully contemplating the best 

strategy and might be caused by a reduced ability to estimate the risk of loss (Pedersen 

et al., 2016; Shurman et al., 2005) and insensitivity to unfairness (Csukly et al., 2011; Agay 

et al., 2008). In sum, patients show social and non-social reward learning deficits in pair-

wise interactions. However, adjusting behaviour after negative social feedback in group 

interactions may suggest intact bottom-up processing of negative social information. 

 

Neural mechanisms of reward processing 

This dissertation considered the neural underlying mechanisms of social reward 

learning in patients with a diagnosis in the schizophrenia spectrum. Findings presented 

in this dissertation illustrate a distinct behavioural social reward learning impairment in 

patients. Results from chapter 6 suggest a possible mechanism that can account for 

these behavioural abnormalities: reduced caudate nucleus activation, a brain area that 

plays a key role in motivational and reward processing (Berridge and Robinson, 1998; 

Schultz et al., 1997; Robbins and Everitt, 1996), was observed in patients compared to 

healthy individuals, during receipt of the social reward. These findings in patients are in 

line with previous studies examining non-social reward learning (Juckel et al., 2006b; 

Schlagenhauf et al., 2009) and social reward learning (Lee et al., 2018; Gromann et al., 

2013).  

 In healthy individuals, it is suggested that the striatum, including the caudate 

nucleus, registers social prediction errors and rewards to guide decisions about 

reciprocity in social interactions (Sanfey, 2007). In schizophrenia, prediction errors 

related to rewards have been linked to the disorder and to the striatum before, showing 

that reduced striatal activation was apparent for non-social rewarding stimuli (Murray 

et al., 2008b). In daily life, patients demonstrate a reduced ability to pursue goal-

directed social behaviour, which is hypothesized to be related to aberrant dopamine 
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functioning in reward-related brain areas (Kapur et al., 2005). Neuroimaging studies 

incorporating both social and non-social reward learning during real-time social 

interactions are required to directly compare the neural mechanisms of social and non-

social reward learning in schizophrenia spectrum disorders. 

 

Reward processing as an endophenotype 

Another research focus of this dissertation was to elucidate the possible familial risk of 

(social) reward processing impairments and the neural underpinnings of non-social 

reward processing in the schizophrenia spectrum. In chapter 4 it becomes clear that 

this impairment in reward processing may be related to the familial liability of the 

disorder. Not only patients showed reduced learning from social and non-social 

rewards; first-degree relatives demonstrated similar behavioural impairments. This 

points to a familial component for general reduced sensitivity to rewards. Previous 

studies probing social reward learning by means of the trust game in first-degree 

relatives pointed to reduced baseline trust, but not to learning abnormalities (Gromann 

et al., 2014; Fett et al., 2012b). Different repayment algorithms could possibly account 

for these contrasting findings. The algorithm used in chapter 4 ensured subtle increases 

in repayments (increments of 0.05) after an investment reflected an increase compared 

to the previous investment, while rewards in studies of Fett and colleagues (2012) and 

Gromann and colleagues (2014) may have been less subtle. These contrasting results 

call for studies incorporating overt and more subtle rewards, to elucidate to what 

extend the familial risk contributes to (social) reward processing deficits in the 

schizophrenia spectrum.  

 In contrast to the findings in chapter 4, chapter 3 revealed no behavioural 

impairments on a non-social reward processing task in siblings of patients. These 

contrasting results can possibly be explained by the different nature of the tasks used. 

In chapter 4, a lottery investment paradigm was employed to elicit non-social reward 

learning and in chapter 3 a monetary incentive delay (MID) task was used. It may well 

be that in both tasks slightly different underlying mechanisms are at play. The MID 

behavioural performance is expressed in reaction time and percentage of hits on the 

rewarding stimuli after reacting to a target stimulus presented after the incentive cue 

(Knutson et al., 2001b). This task may be less complex than the lottery game, where 

investment choices have to be made after receiving computer feedback. Making 

choices in the lottery game likely requires a greater cognitive effort. Behaviour in the 
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lottery game may therefore go beyond possible compensation mechanisms in a more 

simple reward processing task.  

 For this dissertation healthy first-degree relatives were not scanned during the 

trust game but results show normal engagement of the caudate during non-social 

reward processing in chapter 3, while other studies show contrasting results during 

non-social tasks (de Leeuw et al., 2014; Grimm et al., 2014). Reduced caudate activation 

in first-degree relatives was also found during interactions in the trust game (Gromann 

et al., 2014). Nevertheless, results in chapter 3 did reveal reduced task-related 

suppression of the DMN, which may reflect increased processing demands on reward-

related tasks in relatives. This coincides with reduced activation found in the insula, 

which is part of a cognitive task control or salience network, suggested to play a pivotal 

role in the disengagement of the DMN and engagement of the task-related network. 

 In sum, learning from and processing rewarding stimuli in dynamic (social) 

decision-making tasks seems to be impaired in first-degree relatives of patients with a 

disorder in the schizophrenia spectrum and reflected in aberrant brain functioning, 

representing a possible endophenotype of the disorder, without a differential effect of 

the social or non-social nature of rewards. 

 

Trust and cooperation in social interactions 

Next to the importance of reward learning in social interactions, a priori beliefs about 

other individuals underlie interpersonal interactions. Reduced social reward learning, 

which is reflected in an inability to adjust trusting behaviour over repeated interpersonal 

interactions, has been established in this dissertation and previous studies. In addition, 

previous research shows that first-episode (Fett et al., 2016; Lemmers-Jansen et al., 

2019) and chronic patients (Fett et al., 2012b; Gromann et al., 2013) have the inclination 

to approach social interactions with less trusting behaviour. Chapter 5 showed 

consistent findings during social group interactions; patients chose to defect more at 

baseline, i.e. keep the money for themselves, in group interactions. To engage in social 

interactions, one has to trust the other person’s willingness to cooperate, which seems 

to be a key precursor in the development of cooperation in the trust game and a public 

goods dilemma. Patients’ motivation to invest less into the public good may thus be 

based on a lack of trust due to fear of uncooperative behaviour of others. Another 

possible explanation may lie in reduced social motivation (Fervaha et al., 2013), causing 
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less social approach behaviour in patients. However, the studies described in chapter 4 

and 6 do not replicate previous findings of reduced baseline trust in patients in pair-

wise interactions. The null-findings could speculatively be related to the low symptom 

severity of the samples in these studies. Negative symptoms have been related to lower 

basic trust in patients (Fett et al., 2016), while others did not find this association 

(Lemmers-Jansen et al., 2019). Others did not report symptom associations (Fett et al., 

2012b; Gromann et al., 2013). However, only one study reported slightly higher negative 

symptoms (M = 17.18, SD = 5.85), in the absence of an association with basic trust 

(Lemmers-Jansen et al., 2019), compared to the study samples in chapter 4 (M = 14.92, 

SD = 4.98) and chapter 6 (M = 14.74, SD = 6.15). 

 Findings on baseline trust in first-degree relatives remain inconclusive; results 

in this dissertation do not point to reduced baseline trust, whereas previous studies 

show results in agreement (Gromann et al., 2014) and in contrast (Fett et al., 2012b) to 

the findings in this dissertation. One could speculate that this could be related to 

subclinical symptoms, however, future studies should investigate this relation further, 

since no subclinical symptom severity was reported by Gromann and colleagues (2013) 

nor in chapter 4. 

 Noteworthy, it could be argued that both paradigms used to measure social 

interactions in this dissertation, the trust game and the public goods game, not only 

tap into trust, cooperation and social reward learning. Other processes may play a role 

in making the decision to invest. A possible confounding factor could be risk taking; 

one could argue that making the decision to trust and risk taking are constructs that 

are closely related to interpersonal exchange paradigms, since the uncertainty of 

reciprocity after making an investment, reflecting trust, is related to taking a certain 

amount of risk (Fehr, 2009; Kosfeld et al., 2005). Due to the uncertainty of the outcome 

in interpersonal interactions, risk is inherent to trusting behaviour in the trust game 

(Fehr, 2009; Karlan, 2005). While others have suggested that risk attitudes do not 

predict trusting decisions, indicated by a fundamental difference between social and 

non-social interactions investigated by trust- and risk games (Houser et al., 2010). In 

support of distinct mechanisms the findings in chapter 4 showed that investments in 

the trust- and lottery game over time, i.e. social and non-social contexts, were not 

correlated. The major difference between risk in the trust game or in the lottery game 

is that the former stems from a conscious choice made by a human counterpart and 

the latter from a non-social computerised device. Therefore, behaviour may be affected 

differently by these two types of risk sources. This may suggest that individuals employ 
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different underlying decision-making processes in social and non-social situations 

(Fairley et al., 2016). 

 

Social context processing in interpersonal interactions 

Next to reward learning, i.e. bottom-up processing, top-down processing of social 

information, i.e. social context processing, was examined in this dissertation. Literature 

on healthy individuals revealed a strong top-down impact of prior social contextual 

information on trust (Delgado et al., 2005). Research in non-social contexts have shown 

that patients are less sensitive to prior contextual information, i.e. top-down processing 

(Green et al., 2005; Chung et al., 2010; Baez et al., 2013; Hooker et al., 2011). During 

social interactions with prior positive information about the partners’ trustworthiness 

levels of trust increased in healthy controls, but not in patients (Fett et al., 2012b), 

reflecting a social context processing deficit of positive information. The study 

described in chapter 6 replicated this finding and established that this is also the case 

for negative social contextual information, indicating that schizophrenia spectrum 

disorders are associated with a general insensitivity to social contextual information.  

 In line with these results, Campellone and colleagues (2016) showed that 

information prior to social interactions about the social partners’ emotional displays, 

i.e. smiling and scowling, had no effect on patients’ trusting behaviour in social 

interactions with cooperative and uncooperative partners (Campellone et al., 2016a). 

Additionally, in interactions with prior positive information, higher negative symptoms 

may be related to lower trusting behaviour, as indicated by preliminary findings in 

chapter 6. This may be related to the role that negative symptomology plays in social 

motivation (Brown and Pluck, 2000). The influence of prior information about the 

possibility of being punished for defecting, i.e. top-down information about the social 

context, showed different results. Patients were able to adjust levels of cooperation 

during group interactions in chapter 5, indicating that social enforcement by prior 

negative information is intact. These differences may be explained by the pressure of 

interacting in a social group, rather than in pair-wise interactions, or may be related to 

the type of negative feedback, i.e. punishment. Unimpaired sensitivity to punishment 

during bottom-up processing in schizophrenia has been suggested in previous 

research (Cheng et al., 2012). These results could indicate that behaviour may be 

effected similarly by providing top-down information about punishments. 
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Neural correlates of reduced social context processing 

During the processing of social contextual information in social interactions, results 

from chapter 6 revealed less engagement of the dlPFC in patients compared to 

controls. This brain area has been implicated in context processing and cognitive 

control (MacDonald et al., 2000; Cohen et al., 2000) and research has shown reduced 

activation in this area during non-social context processing in patients with 

schizophrenia spectrum disorders before (MacDonald and Carter, 2003; Barch and 

Ceaser, 2012; Niendam et al., 2014). No differential effect of context was found, 

indicating a general reduced sensitivity to social contextual information on the neural 

level, which is in agreement with the lack of a distinct behavioural context effect on 

trust in patients. Aberrant activation of brain areas important for processing social cues, 

such as mentalising, was not found in the study in chapter 6. Literature shows that 

processing social information elicits activation in brain areas that play a key role in these 

social cognitive processes, like the medial prefrontal cortex (mPFC) and the right 

temporoparietal junction (TPJ) (Adolphs, 2001; 2009). Reduced activation of the right 

TPJ during real-time social interactions in patients has been shown before (Gromann 

et al., 2013), suggestive of reduced mentalising during social interactions in patients. 

During the processing of prior social information, only weak context effects were found 

in brain areas implicated in social cognitive mechanisms. Higher activation in the 

positive compared to the negative context was observed across groups in the right TPJ 

during social context presentation. One may speculate that this could be related to 

greater mentalising in the TPJ (Carrington and Bailey, 2009; Van Overwalle, 2009), 

during the processing of positive social information. The only (weak) group difference 

in context effect was found in the mPFC. Interacting with a trustworthy partner elicited 

slightly higher mPFC activation in patients compared to controls during repayments, 

i.e. receipt of the reward. A possible speculation may be that this reflects compensation 

during the processing of rewarding stimuli in the mPFC (Matsumoto and Tanaka, 2004; 

Euston et al., 2012), since behavioural differences in social reward learning were not 

significant when interacting with a trustworthy partner. In sum, the most robust finding 

indicated that reduced activation in the dlPFC during context processing may be the 

underlying mechanisms causing problems with processing prior social contextual 

information. 

 The strongest behavioural context effect was found on the first investment in 

the trust game. Although neural activity over time was examined, without finding an 

effect of context, the power would increase significantly if a greater number of initial 
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investments with social contextual information could be studied, since experimental 

designs for event-related fMRI have a high signal-to-noise ratio and lower temporal 

resolution (Amaro and Barker, 2006). To compensate for this loss in statistical power, a 

high number of trials needs to be included. Therefore, it would be interesting to 

investigate the neural underpinnings of repeated single-shot interactions with social 

contextual information. 

 

Ecological momentary interventions 

Chapters 2, 4, 5 and 6 illustrate deficits related to social motivation and social 

functioning. Despite a vast amount of treatments, most patients will not return to their 

premorbid level of functioning (Horan et al., 2011). Chapter 6 shows that patients spent 

more time alone in real life than healthy controls. This finding should be interpreted in 

light of the knowledge that people with a diagnosis in the schizophrenia spectrum often 

report wanting more social contact (Bengtsson-Tops and Hansson, 2001). Thus, the 

desire to engage in social interactions seems to be intact, but the social skill to build 

interpersonal relationships is impaired. A lack of social motivation, trust and aberrant 

sensitivity to the rewarding nature of interpersonal interactions may underlie these 

social impairments seen in daily life. 

 The final focus of this dissertation was to try to improve social functioning and 

symptoms, as described in chapter 7. Findings indicate that momentary assessment of 

experiences in daily life can be effective in reducing lab-assessed psychotic symptoms, 

which is in line with previous studies showing a positive effect of monitoring 

experiences by use of a mobile application on outcome (van Os et al., 2013; Firth and 

Torous, 2015; Torous and Firth, 2016). Evaluating ones’ own symptoms, mood and 

experiences in daily life is suggested to be therapeutic in itself. Moreover, findings from 

the study in chapter 7 showed that providing personalised feedback may be helpful to 

ameliorate patients’ momentary psychotic symptoms in real life. In addition, feelings of 

loneliness decreased for all participants. Literature shows that loneliness ratings among 

individuals with a schizophrenia spectrum disorder are high (up to 80%) (Stain et al., 

2012) and are disturbingly higher compared to the general population (10.5%) (Beutel 

et al., 2017). Loneliness is also a significant contributor to quality of life and subjective 

well-being (Eglit et al., 2018), highlighting the importance of the results found in chapter 

7 on loneliness. Momentary ecological interventions show promise to aid treatment as 

usual and is low-cost and easy to implement, as also indicated by the high compliance 
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and satisfaction rates in the intervention study in chapter 7. Previous studies also show 

encouraging results in schizophrenia spectrum disorders, indicating that such 

interventions can ameliorate symptoms, increase motivation, reduce relapse, increase 

social interactions and improve community functioning (Ben-Zeev et al., 2014; 

Granholm et al., 2011; Schlosser et al., 2018; Depp et al., 2018).  

 

Implications for clinical practice  

The evidence that patients report wanting more social contact in combination with the 

findings on the impaired skill to engage successfully in social interactions highlights the 

importance of interventions aiming to improve social engagement and functioning. 

Treatments that are aimed at reinforcing positive interactions and personal beliefs in 

their capacities could possibly facilitate improvements in functioning in daily life. 

Facilitating trust in social interactions may increase positive social interactions, which 

could be beneficial for functional outcomes (Velthorst et al., 2016). Higher levels of trust 

placed in social partners has been found to be associated with greater social network 

functioning among people with schizophrenia spectrum disorders (Campellone et al., 

2016a). Moreover, increasing social networks and strengthening social ties for patients 

is important because social support is predictive of recovery (Corrigan and Phelan, 

2004). Thus, facilitating social contact may give patients the opportunity to experience 

rewarding and meaningful social interactions. In chapter 7, the provided personalised 

feedback was possibly not specific enough to successfully increase social engagement, 

since other aspects of behaviour were also targeted in the intervention, e.g. health 

behaviour regarding sleep and physical activity. A smartphone based momentary 

ecological intervention which focusses specifically on increasing social interactions and 

targeting trusting behaviour may possibly be effective in improving social functioning 

in daily life. 

 Noteworthy, merely targeting specific social cognitive abilities may not lead to 

improvement in social functioning in daily life, since evidence for a relationship 

between, for instance, theory of mind and real life social functioning, was weak 

(Schneider et al., 2019). Therefore, possibilities may lie in increasing social motivation 

by integrating multiple components, like psychoeducation, on the importance of social 

interactions and establishing social relationships. 
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In addition, in chronic patients with poor outcome, implementing cognitive 

(behavioural) therapy can be successful in promoting clinically meaningful sustained 

improvements (Grant et al., 2012), however, this was not replicated in recent onset 

schizophrenia sample (Pos et al., 2019). It has been suggested that positive effects of 

different types of cognitive behavioural therapy, for instance on social withdrawal, are 

mediated by defeatist beliefs (Staring et al., 2013; Granholm et al., 2017). Defeatist 

beliefs are negative thoughts about a persons’ own ability to successfully perform goal-

directed behaviour. These beliefs can in turn prevent behaviour initiation and social 

approach behaviour (Campellone et al., 2016b; Grant and Beck, 2008). This may imply 

that dysfunctional beliefs are an important treatment target to increase successful social 

interactions and building social relationships. A previous momentary ecological 

intervention study shows promising effects on to decrease defeatist beliefs (Schlosser 

et al., 2018). It is highly important that research findings are translated to and 

implemented in clinical practice to improve social functioning. An overview of possible 

aims for clinical practice are presented in Figure 1). 

 

 

Figure 1 | An graphical representation of treatment targets and directions to 

improve social functioning in individuals with a schizophrenia spectrum disorder. 
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Possibilities and pitfalls for future research 

Schizophrenia spectrum disorders are among the most severe mental disorders in the 

world (Murray et al., 1996) and are studied a great deal, however, many questions 

remain unanswered and the high personal and community burden of the disease (Van 

Os and Kapur, 2009) stresses the importance to unravel this enigmatic cluster of 

disorders. Some limitations of the presented work in this dissertation and suggestions 

for future research have been given in the previous paragraphs. Here I want to describe 

some additional limitations of the presented studies and give directions for future 

studies.  

 First, the complex mechanisms of social interactions are difficult to probe in 

experimental settings. Using neuroeconomic exchange paradigms to study social 

interactions in real time greatly increases the ecological validity compared to 

retrospective questionnaire measures or measures where social information is 

interpreted from a passive standpoint. Consequently, neuroimaging studies 

investigating complex constructs, such as trust, remain a challenge. While fMRI may be 

effective in revealing and interpreting underlying neural processes involved in basic 

cognitive processes, the neural correlates of more complex and dynamic social 

interactions might be more difficult to interpret. Linkage to other studies is the key 

interpretation mechanism, which involves reverse inference, especially in complex 

cognitive tasks. The issue of reverse inference entails that the involvement of certain 

cognitive processes are inferred from the activation of particular brain regions 

(Poldrack, 2011; 2006), making it a speculative practice. Thus, while neuroimaging data 

can point to a certain direction, it remains a challenge to empirically validate these 

findings. Nevertheless, next to these pitfalls, neuroimaging results provide important 

information about underlying mechanisms and may also provide promising future 

directions. One study highlights the possibility that functional imaging during a reward 

processing task may have diagnostic specificity in schizophrenia (Koch et al., 2015), 

showing that the diagnostic category could be predicted from activation patterns in 

several brain areas, such as the ventral striatum, with a high accuracy. 

 Second, while lab-based experimental tasks and neuroimaging are useful in 

distinguishing normal from impaired behaviour or neural activity, it remains unclear 

whether there is an actual relationship with real-life behaviour. Moreover, functioning 

in the real world involves a more complex interplay of processes compared to 

laboratory behaviour (Koren et al., 2006). The ESM technique is able to bypass some of 
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the limitations inherently associated with the use of retrospective lab-based measures. 

So, to increase the ecological validity of research, future studies may greatly benefit 

from incorporating ESM techniques to examine associations between real-life 

behaviour and performance on experimental tasks and neuroimaging findings. In 

chapter 6, the neural data was not significantly correlated with social engagement in 

daily life, however, implementing more sensitive measures of social functioning in daily 

life measured with ESM provides the possibility to disentangle the meaning of neural 

and behavioural abnormalities in experimental settings for real-life functioning. In 

addition, incorporating these different methods may contribute to unravelling 

predictors of treatment response.  

 Third, considering the heterogeneity of schizophrenia spectrum disorders, 

future studies should include larger samples sizes to disentangle the effect of 

symptoms on trust, social reward and social interactions. Results on symptoms in this 

dissertation are preliminary, since the participants in the different studies have low 

symptom severities and groups are relatively small, which prevents a reliable 

elucidation of specific symptom effects. However, including acute patients remains a 

challenge, as patients are often too ill to participate in research. 

 Last, also stated in the previous paragraph, ecological momentary 

interventions provide promising opportunities and already show encouraging results in 

patients with a diagnosis in the schizophrenia spectrum. Future directions should be 

aimed at personalising applications even more, ensuring that the most relevant 

feedback prompts are given to increase outcome and that no time is wasted on 

answering questions that are irrelevant to an individual, e.g. if an individual never has 

hallucinations, e.g. questions about seeing or hearing things that others cannot, are 

unnecessary. Applications could be tailored further by means of thorough individual 

personalisation on the ESM questions before the intervention starts. In addition, 

longitudinal studies stretching longer periods of time must be performed to elucidate 

whether possible positive effects are sustainable and whether engagement with such 

an application remains at a high level. 

 

Conclusion 

Taken together, the findings in this dissertation contribute and strengthen the 

knowledge on mechanisms of social interactions and reward in schizophrenia spectrum 
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disorders. The findings suggest that increasing trust, social reward learning and social 

interactions in patients with a disorder in the schizophrenia spectrum requires a multi-

faceted approach in clinical practice. Treatments may benefit from group interventions 

and interventions should consider both bottom-up and top-down processing of social 

information. In addition, results of the ecological valid mobile application study indicate 

the feasibility of such interventions in patients. The findings highlight the importance 

of the development of mhealth applications monitoring experiences in daily life context 

and integrating more specific personalised feedback, which could possibly improve 

social functioning. Clinical and research fields must join forces to develop effective 

interventions to diminish social suffering in schizophrenia spectrum disorders by 

investigating and successfully integrating the findings to increase social motivation, 

social interactions and functioning.
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In our daily lives we have to navigate the complex social world by engaging in social 

interactions. Social cognitive abilities, trust and social reward underlie successful social 

functioning in healthy individuals and a disturbance could contribute to problems in social 

behaviour. According to diagnostic manuals (i.e. the DSM-5 and the ICD-10), 

schizophrenia spectrum disorders have some important social consequences, for instance 

social and occupational dysfunction, social withdrawal and difficulties in developing and 

maintaining social relationships, stressing the key role of social functioning in the 

schizophrenia spectrum. Gaining more insight in social interactions and the underlying 

mechanisms can help understand the mechanisms of social dysfunction in patients’ daily 

lives. 
 The objective of the research presented in this dissertation was threefold: a) to 

advance the knowledge on the causal (neural) mechanisms that underlie social 

interactions, specifically focussing on trust, social context processing and social reward in 

schizophrenia spectrum disorders; b) to elucidate social reward and non-social reward 

learning in schizophrenia spectrum disorders and to assess the impact of a familial liability; 

and c) to ameliorate symptoms and improve social functioning in daily life in patients by 

means of an ecological momentary smartphone intervention. 

  

Summary 

In chapter 1 an introduction is given into the topics of this dissertation. In this chapter, 

schizophrenia spectrum disorders are introduced, including phenomenology and 

aetiology. Schizophrenia spectrum disorders are mostly known for positive symptoms, 

such as hallucinations and delusions, and negative symptoms, such as flattened affect and 

lack of pleasure, however, the disorder is frequently accompanied by social cognitive 

impairments. Social cognitive abilities are essential to engage successfully in interactions 

with other people and to guide social behaviour. In addition, the rewarding nature of 

social interactions underlies goal-directed and socially motivated behaviour. Studying the 

mechanisms of social interactions and reward in the schizophrenia spectrum provides 

further insight in social dysfunction seen in patients’ everyday lives. Moreover, examining 

social interactions in real time provides the opportunity to investigate the more complex 

nature of interpersonal interactions. Chapter 1 describes the two paradigms used in this 

dissertation to study social interactions, i.e. the trust game to study pair-wise interactions 

and the public goods game to elucidate the more complex dynamics in social groups. 
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Notably, to examine whether impairments seen in (social) reward learning are a possible 

endophenotype of the disorder, it is important to study healthy first-degree relatives of 

patients, because they offer the chance to elucidate the familial risk. Chapter 1 describes 

the current insights in trust, cooperation and reward processing in the schizophrenia 

spectrum. Social impairments seen in the schizophrenia spectrum remain a challenge to 

treat successfully. A brief overview is given the promising possibilities of ecological 

momentary interventions to improve functioning in schizophrenia spectrum disorders. 

 In chapter 2 the literature review clearly shows that schizophrenia spectrum 

disorders are accompanied by impairments in cognition. Research findings to date paint 

a fairly consistent picture. Neurocognitive mechanisms, such as executive functioning, 

memory, attention and processing speed, are impaired. Next to neurocognitive 

dysfunction, social cognitive abilities are diminished, such as mentalizing difficulties and 

problems with interpreting social cues and emotion. Like neurocognition, impairments in 

social cognitive abilities are seen before the disorder is fully manifest and are also present 

in first-degree relatives, albeit in a less severe form. Suggesting that they are both a 

characteristic of the disorder, meaning that they represent a trait rather than a state and 

a possible endophenotype. Social cognitive impairments may underly social dysfunction 

seen in daily life in the schizophrenia spectrum and literature shows that social cognition 

may be an even better predictor for problems in everyday functioning than 

neurocognition. Chapter 2 also describes metacognitive problems that may accompany 

a diagnosis in the schizophrenia spectrum. The term metacognition refers to high-order 

cognitive processes that concern beliefs and attitudes with regard to one’s own cognitive 

functions. In schizophrenia spectrum disorders, metacognitive skills are often impaired, 

for instance in jumping to conclusions (i.e. reasoning bias), monitoring of self-generated 

actions, and illness insight. Last, the chapter provides an overview of how (social) cognitive 

mechanisms may underlie psychotic symptoms. 

 In chapter 3 the neural underpinnings of reward processing in first-degree 

relatives (siblings) of patients with a schizophrenia spectrum disorder were investigated. 

During functional magnetic resonance imaging (fMRI), 94 healthy siblings of patients and 

57 healthy controls completed the monetary incentive delay (MID) task. Both reward 

anticipation and reward consumption were examined. On the behavioural level, siblings 

performed at a similar level as healthy controls. Region-of-interest (ROI) analyses did not 

point to altered brain activity in classical reward related brain areas, such as the ventral 

striatum. Whole-brain analyses did reveal group differences; during reward anticipation, 



 

186 

 

siblings showed higher activation in the insula, posterior cingulate cortex (PCC) and 

medial frontal gyrus (MFG) than controls. During reward consumption, siblings engaged 

the PCC, precuneus and the bilateral MFG more compared to controls. These areas are 

typically associated with the default mode network (DMN). This may point to reduced 

task-related suppression during a reward processing task of the DMN. The insula is part 

of a cognitive task control network, which is thought to play a pivotal role in the 

disengagement of the DMN and engagement of task-related networks. These results may 

reflect increased processing demands on reward-related tasks, even though this is not yet 

manifest at the behavioural level. These abnormal neural responses during reward 

processing in first-degree relatives of patients may suggest that reward processing deficits 

are at least partly caused by a familial risk in schizophrenia spectrum disorders.  

 In chapter 4 social and non-social reward learning was examined in a sample of 

50 patients with a diagnosis in the schizophrenia spectrum, 20 first-degree relatives and 

49 healthy controls. Two interactive investment paradigms probing social decision-

making during 20 trials (i.e. the trust game) and non-social decision-making during 20 

trials (i.e. a lottery game) were used. In both paradigms, the repayments were pre-

programmed to subtlety reward trusting behaviour, i.e. increases in repayment followed 

after increases in investments. Findings reveal that healthy volunteers learned from this 

feedback equally well in social and non-social contexts, as reflected by an increase of 

investments over game rounds in both paradigms. In contrast, patients and relatives 

showed reduced reward learning, regardless of the social or non-social nature, reflected 

by flatter or decreasing slopes over game rounds in both paradigms. These results 

suggest a general insensitivity to reward with no aggravating effect of social rewards in 

the schizophrenia spectrum. No effects of symptoms on learning were found, indicating 

that all patients, regardless of symptom severity, were unable to elicit or pick up on the 

subtle rewards. Given that the same pattern was observed in patients and first-degree 

relatives, the general insensitivity to rewards seems to reflect a familial vulnerability to 

schizophrenia spectrum disorders rather than illness-related mechanisms. 

 In chapter 5 cooperation and sensitivity to social feedback in a public goods 

game (PGG) were examined in patients with a schizophrenia spectrum diagnosis, to 

elucidate the dynamics of social group interactions. The sample consisted of 27 patients 

with a diagnosis in the schizophrenia spectrum and 27 healthy control subjects. Findings 

indicate that patients have a lower initial inclination to cooperate in social groups, as 

indicated by a lower level of baseline investments into the public good compared to 
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healthy controls. In addition, patients seem to be sensitive to social enforcement in social 

groups, indicated by an increase in cooperation in patients and controls when social 

feedback, i.e. a punishment, was allowed compared to the condition where fining was not 

allowed. The same change in behaviour was observed after direct negative social 

feedback, i.e. receiving a punishment from another player. The findings also suggest that 

patients are sensitive to social rules and willing to altruistically punish other players to 

reinforce social norms at the same level as healthy control subjects. To engage in social 

interactions, one has to trust the other person’s willingness to cooperate, which seems to 

be a key precursor in the development of cooperation in a public goods dilemma. Patients 

tend to approach social group interactions with less trusting and cooperative behaviour, 

which could contribute to social dysfunction in daily life. However, an intact sensitivity to 

social enforcement and negative feedback may indicate that patients can adjust their 

behaviour accordingly in social groups. 

 In chapter 6 the neural correlates and the impact of prior social contextual 

information on social interactions, trust and social reward learning were investigated in 

patients with a disorder in the schizophrenia spectrum and healthy controls, using an 

interactive trust game while measuring brain activity with fMRI. The trust game was played 

three times, with either no, positive or negative information about the counterpart’s 

trustworthiness, while in fact all partners behaved trustworthy. In addition, the experience 

sampling method (ESM) was used to measure social engagement in real life and to 

examine the association with the neural processes underlying social interactions, because 

little is known about how neural findings translate to real-world functioning. Patients did 

not show a differential effect of social context on baseline trust (i.e. the first investment 

where partner feedback has not yet been received), suggesting a general insensitivity to 

social context. Healthy controls did show a distinct context effect, reflected in a linear 

increase of baseline trust from negative, to no, to positive contextual information. In 

addition, patients did not increase trust in response to benevolent behavioural feedback 

in the no context and negative context condition, whereas controls did increase trust after 

prior given negative information. On the neural level, lower activation in the left 

dorsolateral prefrontal cortex (dlPFC) during context presentation was found, with no 

effect of context, suggesting a social context processing deficit on the neural level as well 

as on the behavioural level. Less engagement of the right caudate during repayments in 

patients compared to controls coincides with absence reward learning on the behavioural 

level. These results suggest that schizophrenia spectrum disorders are associated with a 

general insensitivity to social contexts and with a reduced sensitivity to social reward. Both 
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mechanisms can crucially disturb social functioning. In daily life patients spent more time 

alone than healthy controls. However, there was no association between real-life social 

engagement and aberrant brain activity in patients. 

 In chapter 7 a randomized controlled trial investigating an ecological 

momentary smartphone intervention was presented. This study assessed whether an 

interactive smartphone application providing personalised feedback was feasible and 

whether it would improve symptoms and social functioning in patients with a 

schizophrenia spectrum disorder. The ESM was built into an application to map thoughts, 

feelings, and behaviour in everyday life, ensuring a high ecological validity. Two groups 

were included, one group of 27 patients, received personalised feedback prompts 

according to their ESM entries and the other group of 23 patients, completed the ESM 

questionnaires, but did not receive feedback prompts. The application provided feedback 

in the following categories: a) psychotic symptoms, b) social engagement, c) health 

behaviour (i.e. sleep, eating), d) physical activity, and e) mood and emotion. Participants 

used the applications for a period of three weeks. Results showed that compliance to the 

application was high and that the application was rated as user-friendly and 

understandable. Regardless of receiving feedback or not, feelings of loneliness decreased 

and lab-based measured psychotic symptoms declined. In addition, providing 

personalised feedback can help ameliorate momentary psychotic symptoms, measured 

in daily life, in comparison to the ESM control group. These results suggest that 

smartphone-based modalities with and without ESM-derived personalised feedback offer 

opportunities for simple and accessible interventions. They also offer a way to empower 

patients to take an active role in their mental health management as a key element of 

their recovery. The given feedback was non-specific, i.e. targeting different modalities, 

such as physical activity, mood and sleep next to social functioning. Future studies 

incorporating more specific social feedback may be more effective in improving social 

functioning in daily life. 

 In chapter 8 the main findings are summarised and integrated. Here, a critical 

discussion of the main conclusions is provided and results are put into a broader 

perspective. Possible clinical implications, limitations of the work presented in this 

dissertation and directions for future research are given. 
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In ons dagelijks leven moeten we door een complexe sociale wereld navigeren door 

interacties met andere mensen aan te gaan. Belangrijke factoren die de basis vormen 

voor succesvol sociaal functioneren zijn: sociaal-cognitieve vaardigheden, vertrouwen 

en sociale beloning. Een verstoring in deze factoren kan problemen veroorzaken in 

sociaal gedrag. Volgens diagnostische handleidingen (d.w.z. de Diagnostic and 

Statistical Manual of Mental Disorders; DSM-5, en de International Statistical 

Classification of Diseases and Related Health Problems; ICD-10) zijn 

schizofreniespectrumstoornissen gerelateerd aan bijvoorbeeld sociale- en 

werkgerelateerde problemen, sociale isolatie en moeite met het ontwikkelen en 

behouden van sociale relaties. Het onderzoeken van sociale interacties en de 

onderliggende mechanismen kan helpen om meer inzicht te krijgen in sociaal 

disfunctioneren in het dagelijks leven van patiënten met een 

schizofreniespectrumstoornis. 

 Het doel van het onderzoek beschreven in dit proefschrift is drieledig: 1) kennis 

vergroten op het gebied van de (neurale) mechanismen die ten grondslag liggen aan 

sociale interacties. Hierbij ligt de focus op vertrouwen, het verwerken van sociale 

contexten en sociale beloning bij schizofreniespectrumstoornissen; 2) sociale- en niet-

sociale beloningsmechanismen bij schizofreniespectrumstoornissen en de impact van 

de familiaire kwetsbaarheid in kaart brengen; en 3) het verminderen van symptomen 

en verbeteren van sociaal functioneren in het dagelijks leven van patiënten met een 

schizofreniespectrumstoornis door middel van een smartphone interventie die 

gepersonaliseerde feedback biedt. 

 

Samenvatting 

In hoofdstuk 1 wordt een inleiding gegeven over de onderwerpen van dit proefschrift. 

In dit hoofdstuk worden schizofreniespectrumstoornissen geïntroduceerd, waaronder 

de fenomenologie en etiologie. Stoornissen binnen het schizofreniespectrum staan 

vooral bekend om positieve symptomen, zoals hallucinaties en waanideeën en 

negatieve symptomen, zoals afgevlakt affect en een verminderd vermogen om plezier 

te ervaren. Echter, naast deze symptomen komen vaak problemen voor op het gebied 

van sociale cognitie. Sociaal-cognitieve vaardigheden zijn nodig om succesvol deel te 

nemen aan interacties met andere mensen en om sociaal gedrag te sturen. Daarnaast 

wordt sociaal gemotiveerd en doelgericht gedrag beïnvloed door het gevoel van 

beloning dat ontstaat in sociale interacties. 
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Het bestuderen van sociale interacties en (sociaal) beloningsleren is belangrijk om meer 

inzicht te krijgen in sociaal disfunctioneren bij patiënten met een classificatie binnen 

het schizofreniespectrum. Hoofdstuk 1 beschrijft de twee belangrijkste taken, ofwel 

games, die zijn gebruikt in het onderzoek in dit proefschrift: 1) de trust game, om 

interacties tussen twee individuen te bestuderen, 2) de public goods game (PGG), om 

de meer complexe dynamiek in interacties in groepen te onderzoeken. Door dit in real 

time te bekijken kan de complexe aard van interpersoonlijke interacties onderzocht 

worden. Om uit te zoeken of beperkingen in sociale interacties en (sociaal) 

beloningsleren een mogelijk endofenotype van de stoornis zijn, is het belangrijk om 

eerstegraads familieleden (zonder een psychotische stoornis) van patiënten te 

includeren. Binnen deze doelgroep bestaat de mogelijkheid om de familiaire 

kwetsbaarheid te onderzoeken. 

Hoofdstuk 1 beschrijft de huidige inzichten in vertrouwen, samenwerking en 

beloningsleren bij schizofreniespectrumstoornissen. Daarnaast wordt in dit hoofdstuk 

een kort overzicht gegeven over de mogelijkheden van smartphone interventies om 

het (sociaal) functioneren van patiënten met een schizofreniespectrumstoornis te 

verbeteren. 

  

In hoofdstuk 2 worden cognitieve problemen die gezien worden in het 

schizofreniespectrum beschreven. De onderzoeksbevindingen tot nu toe geven een 

redelijk consistent beeld. Neurocognitieve vaardigheden, zoals executief functioneren, 

geheugen, aandacht en verwerkingssnelheid, zijn beperkt bij mensen met een stoornis 

in het schizofreniespectrum. Naast verstoorde neurocognitieve functies zijn ook sociale 

cognitieve vaardigheden beperkt, zoals mentaliseren en het interpreteren van sociale 

signalen en emoties. Net als bij neurocognitie worden beperkingen in de sociale 

cognitie al waargenomen voordat de stoornis zich volledig manifesteert. Ook zijn de 

beperkingen, zij het in mindere mate, aanwezig bij eerstegraads familieleden. Dit wijst 

er mogelijk op dat zowel neurocognitie als sociale cognitie een trait kenmerk zijn in 

plaats van een state kenmerk en potentieel een endofenotype van de stoornis 

vertegenwoordigen. Problemen in sociale cognitie zorgen mogelijk voor sociaal 

disfunctioneren. Uit de literatuur blijkt dat zowel neuro- als sociale cognitie voorspellers 

zijn van het functioneren in het dagelijkse leven, waarbij sociale cognitie de grootste 

relatie laat zien. 

 Hoofdstuk 2 beschrijft daarnaast ook metacognitieve problemen die gepaard 

kunnen gaan met een classificatie in het schizofreniespectrum. De term metacognitie 
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verwijst naar hogere orde cognitieve processen die betrekking hebben op 

overtuigingen ten aanzien van de eigen cognities. In schizofreniespectrumstoornissen 

zijn metacognitieve vaardigheden vaak beperkt, bijvoorbeeld bij het trekken van 

conclusies (ofwel reasoning bias), het monitoren van zelf-genererende acties en ziekte-

inzicht. Tot slot geeft het hoofdstuk een overzicht van hoe (sociaal) cognitieve 

mechanismen bij kunnen dragen aan het ontstaan van psychotische symptomen. 

  

In hoofdstuk 3 zijn de neurale mechanismen die ten grondslag liggen aan het 

verwerken van beloning onderzocht bij eerstegraads familieleden (broers en zussen) 

van patiënten met een schizofreniespectrumstoornis. Tijdens functional magnetic 

resonance imaging (fMRI) hebben 94 broers en zussen van patiënten en 57 gezonde 

controles een monetary incentive delay (MID) taak uitgevoerd. In deze taak zagen 

deelnemers een cue voor geen beloning d.m.v. een rode pijl naar beneden, een kleine 

beloning d.m.v. een smalle groene pijl omhoog of een grote beloning d.m.v. een brede 

groene pijl omhoog. Daarna werd aan de deelnemers gevraagd om zo snel mogelijk 

op een knop te drukken wanneer zij een target, in dit geval een wit vierkant, zagen. 

Vervolgens zagen de deelnemers of en welke beloning zij ontvingen, gebaseerd op de 

gegeven beloningscue en hun reactiesnelheid. Met deze taak werd zowel het 

verwachten van een beloning als het daadwerkelijk ontvangen van een beloning 

onderzocht. 

Broers en zussen lieten tijdens de taak in gedrag geen verschillen zien in 

vergelijking tot controles. De region-of-interest (ROI) analyses wezen niet op afwijkende 

hersenactiviteit in klassieke beloning-gerelateerde hersengebieden, zoals het ventrale 

striatum. De whole-brain analyses onthulden wel groepsverschillen; tijdens het 

verwachten van de beloning toonden broers en zussen hogere activiteit in de insula, 

posterior cingulate cortex (PCC) en mediale frontale gyrus (MFG), dan controles. Tijdens 

de ontvangst van de beloning werd er bij broers en zussen hogere activiteit gemeten 

in de PCC, de precuneus en de bilaterale MFG, vergeleken met controles. Deze 

gebieden worden vaak geassocieerd met het default mode network (DMN). Dit kan 

wijzen op verminderde taak-gerelateerde onderdrukking van het DMN tijdens een 

beloningstaak. Daarnaast maakt de insula deel uit van een cognitive task control 

network, waarvan wordt aangenomen dat het een centrale rol speelt in de overgang 

van het DMN naar taak-gerelateerde netwerken. Deze resultaten kunnen mogelijk een 

afspiegeling zijn van toegenomen inspanning tijdens de taak bij broers en zussen, ook 

al komt dit niet tot uiting op gedragsniveau. Deze abnormale neurale reacties bij 

eerstegraads familieleden suggereren dat problemen in het verwerken van beloning, 
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in ieder geval gedeeltelijk, veroorzaakt worden door een familiair risico bij 

schizofreniespectrumstoornissen. 

  

In hoofdstuk 4 zijn sociaal- en niet-sociaal beloningsleren onderzocht in een 

steekproef van 50 patiënten met een classificatie in het schizofreniespectrum, 20 

eerstegraads familieleden en 49 gezonde controles. In deze studie zijn twee 

interactieve investeringsgames gebruikt: de trust game, waarbij twee spelers een 

interactie met elkaar aangaan in een investeringsspel en de lottery game, waarin niet-

sociale besluitvorming werd onderzocht. In de trust game moesten de deelnemers een 

bedrag tussen 0 en 10 Britse pond investeren in de tweede speler. Dit bedrag werd 

verdrievoudigd en de tweede speler kon een deel van dit bedrag weer teruggeven aan 

de eerste speler. In de trust game speelt vertrouwen een belangrijke rol, omdat je de 

andere speler moet vertrouwen dat je de investering terugverdient. In de lottery game 

speelden de deelnemers eenzelfde spel, maar dan tegen een computer in plaats van 

met een andere speler. In beide games werden de terugbetalingen 

voorgeprogrammeerd om investeringen subtiel te belonen, d.w.z. na het maken van 

een hogere investering ontvingen de deelnemers een hogere terugbetaling. 

Aanpassingen in gedrag naar aanleiding van de terugbetalingen, ofwel de feedback, 

werd gebruikt als maat voor beloningsleren. 

 Uit de bevindingen bleek dat controles in zowel de sociale als niet-sociale 

context even goed van de feedback konden leren, zo bleek uit een toename van de 

investeringen over de spelrondes heen in beide games. Patiënten en eerstegraads 

familieleden lieten daarentegen een verminderde beloning zien, ongeacht het sociale 

of niet-sociale karakter van het spel. Dit uitte zich door afname van de investeringen 

over de spelrondes heen in beide games. Deze resultaten wijzen op de aanwezigheid 

van een algemene verminderde gevoeligheid voor beloning, ongeacht het sociale of 

niet-sociale karakter. Er werd geen effect gevonden van symptomen op het leren, wat 

erop wijst dat alle patiënten, ongeacht de ernst van de symptomen, niet in staat waren 

om de subtiele beloningen op te pikken. Gezien het feit dat hetzelfde patroon werd 

waargenomen bij patiënten en eerstegraads familieleden lijkt de verminderde 

gevoeligheid voor beloningen een familiale kwetsbaarheid voor 

schizofreniespectrumstoornissen aan te tonen in plaats van ziekte-gerelateerde 

factoren. 
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In hoofdstuk 5 is samenwerking en gevoeligheid voor sociale feedback bij patiënten 

met een classificatie in het schizofreniespectrum in een public goods game onderzocht, 

om de dynamiek van sociale groepsinteracties te bestuderen. In de PGG kregen de 

deelnemers een sociaal dilemma voorgelegd. Hierbij moesten ze een keuze maken 

tussen het vergroten van hun eigen winst, ten nadele van de groep, of samenwerken 

in voordeel van de groep, ten nadele van hun eigen winst. In een tweede spelconditie 

bestond er de mogelijkheid om groepsleden te straffen. In deze ronde konden de 

deelnemers een boete opleggen aan de deelnemers die niet in het belang van de groep 

kozen. Op deze manier kon samenwerking en gedrag na straffen, ofwel sociale 

feedback, onderzocht worden. De steekproef bestond uit 27 patiënten met een 

schizofreniespectrumstoornis en 27 gezonde controles.  

 De bevindingen laten zien dat patiënten een lagere initiële neiging hebben om 

samen te werken in sociale groepen. Dit blijkt uit een lager niveau van investeringen 

voor het groepsbelang in de eerste speelronde, in vergelijking tot controles. Daarnaast 

lijken patiënten even gevoelig te zijn als controles voor de mogelijkheid om bestraft te 

worden in groepen. Dit blijkt uit een toename van de samenwerking in beide groepen 

wanneer sociale feedback (d.w.z. een straf) was toegestaan vergeleken met de 

spelconditie waarbij het opleggen van boetes niet was toegestaan. Eenzelfde 

gedragsverandering werd waargenomen direct na negatieve sociale feedback (d.w.z. 

na het daadwerkelijk ontvangen van een boete van een andere speler).  

 De resultaten wijzen er ook op dat patiënten in vergelijking tot controles even 

gevoelig zijn voor sociale regels en bereid zijn andere spelers altruïstisch te straffen om 

sociale normen te handhaven. Om sociale interacties aan te gaan moet men 

vertrouwen hebben in de bereidheid van de ander om samen te werken, wat een 

belangrijke voorloper lijkt te zijn in de ontwikkeling van samenwerking in een PGG. 

Samenvattend kan gezegd worden dat patiënten de neiging hebben om sociale 

groepsinteracties te benaderen met minder bereidheid tot samenwerking. Dit kan 

bijdragen aan sociaal disfunctioneren in het dagelijks leven. Daarnaast lijkt de 

aanwezigheid van gevoeligheid voor sociale handhaving en negatieve feedback erop 

te wijzen dat patiënten in staat zijn hun gedrag aan te passen in sociale groepen. 

  

In hoofdstuk 6 is vertrouwen, sociaal beloningsleren en de impact van sociale 

contextuele informatie in sociale interacties onderzocht. Daarnaast zijn de 

onderliggende neurale processen in kaart gebracht, door hersenactiviteit te meten 

tijdens het spelen van een aangepaste versie van de trust game. Dit is door middel van 
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fMRI onderzocht. Drieëntwintig patiënten met een stoornis in het schizofreniespectrum 

en 25 gezonde controles speelden de trust game drie keer: zonder sociale contextuele 

informatie, met positieve en met negatieve informatie over de betrouwbaarheid van de 

andere speler. In werkelijkheid gedroegen alle vooraf geprogrammeerde spelpartners 

zich op dezelfde betrouwbare manier. Omdat er weinig bekend is over hoe 

hersenactiviteit zich vertaalt naar het functioneren in het dagelijks leven werd de 

experience sampling method (ESM) gebruikt om sociaal contact in het dagelijks leven te 

meten en de relatie met de onderliggende neurale processen te onderzoeken.  

Patiënten lieten, vergeleken met controles, geen effect zien van de gegeven 

sociale context op het basisvertrouwen (gemeten o.b.v. de eerste investering waar nog 

geen gedragsfeedback van de partner is ontvangen). Dit wijst op een algemene 

verminderde gevoeligheid voor informatie over de sociale context. Controles lieten wel 

een duidelijk effect van de informatie over de sociale context zien. Er was een lineaire 

toename van het basisvertrouwen zichtbaar van negatieve, naar geen, naar positieve 

sociale contextuele informatie. In de spelrondes zonder context en met negatieve 

sociale contextuele informatie was bij patiënten geen toename in vertrouwen te zien 

na het krijgen van hogere terugbetalingen (d.w.z. positieve gedragsfeedback). 

Controles lieten in deze situaties wel een toename in vertrouwen zien. Op neuraal 

niveau werd bij patiënten tijdens het krijgen van de sociale contextuele informatie, in 

vergelijking tot controles, een lagere activiteit gemeten in de linker dorsolaterale 

prefrontale cortex (dlPFC). Hierbij werd geen verschil gevonden tussen de gegeven 

sociale contexten. Dit wijst erop dat een algemene verminderde gevoeligheid voor 

sociale context zowel op gedragsniveau als op neuraal niveau aanwezig is. Tijdens het 

ontvangen van de terugbetaling in de trust game werd bij patiënten een lagere 

activiteit gemeten in de rechter caudate nucleus, een belangrijk gebied voor 

beloningsleren, vergeleken met controles. Dit is in overeenstemming met de 

verminderde mate van beloningsleren op gedragsniveau. Deze bevindingen laten zien 

dat schizofreniespectrumstoornissen mogelijk samengaan met een algemene 

verminderde gevoeligheid voor sociale contexten en met een verminderde 

gevoeligheid voor sociale beloning. Beide mechanismen spelen mogelijk een cruciale 

rol in sociaal functioneren in het dagelijks leven. In deze studie werd echter bij patiënten 

geen verband gevonden tussen sociaal contact in het dagelijks leven en afwijkende 

hersenactiviteit. Wel werd gevonden dat patiënten meer tijd alleen doorbrachten in het 

dagelijks leven dan controles. 
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In hoofdstuk 7 wordt een randomized controlled trial beschreven, waarin de 

haalbaarheid en de effectiviteit van een ecological momentary intervention zijn 

onderzocht. In deze studie werd onderzocht of een interactieve smartphoneapplicatie, 

met geïntegreerde gepersonaliseerde feedback, een positief effect had op een afname 

van symptomen en een verbetering in het sociaal functioneren van patiënten met een 

schizofreniespectrumstoornis. Er werd gebruik gemaakt van de ESM in een smartphone 

applicatie (de SMARTapp), om gedachten, gevoelens en gedrag in het dagelijks leven 

in kaart te brengen. Hierdoor kon een hoge ecologische validiteit worden 

gewaarborgd. Er zijn twee groepen geïncludeerd: één groep (van 27 patiënten) kreeg 

gepersonaliseerde feedback op basis van hun ESM-antwoorden en de andere groep 

(van 23 patiënten) vulde de ESM-vragenlijsten in, maar kreeg geen feedback. 

Gepersonaliseerde feedback was gericht op de volgende categorieën: psychotische 

symptomen, sociale betrokkenheid, gezond gedrag (slaap en eten), fysieke activiteit en 

stemming en emotie. De deelnemers gebruikten de SMARTapp gedurende drie weken. 

 De resultaten lieten zien dat de deelnemers de app trouw gebruikten en dat 

de app als gebruiksvriendelijk en duidelijk werd ervaren. Ongeacht of er wel of geen 

gepersonaliseerde feedback werd ontvangen namen de gevoelens van eenzaamheid 

af en nam de ernst van de in het lab gemeten psychotische symptomen af. Daarnaast 

lijkt het geven van gepersonaliseerde feedback te helpen om psychotische symptomen 

die gemeten worden in het dagelijks leven te verbeteren, vergeleken met de ESM-

controlegroep. Deze resultaten wijzen erop dat smartphone interventies met en zonder 

gepersonaliseerde feedback mogelijkheden bieden voor eenvoudige en toegankelijke 

interventies. Ze bieden ook een manier om patiënten in staat te stellen een actieve rol 

aan te nemen in hun herstel. De gegeven feedback was niet specifiek gericht op sociaal 

functioneren. Toekomstige studies die specifiek gericht zijn op sociale feedback kunnen 

mogelijk effectiever zijn in het verbeteren van het sociaal functioneren in het dagelijks 

leven. 

 

In hoofdstuk 8 worden de belangrijkste bevindingen samengevat en geïntegreerd. 

Hier wordt een kritische discussie over de belangrijkste conclusies gepresenteerd en 

worden de resultaten in een breder perspectief geplaatst. Mogelijke klinische 

implicaties en beperkingen van het in dit proefschrift gepresenteerde werk worden 

besproken. Als laatste worden ideeën voor toekomstig onderzoek voorgesteld.
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mogelijk hebben gemaakt dat ik dit proefschrift heb kunnen schrijven. Ik begin bij jou 

Anne, mijn copromotor, maar gaandeweg ook een vriendin. Bedankt voor al je tips en 

adviezen tijdens deze reis. Ik wil je vooral bedanken voor het vertrouwen dat je in mij had 

om in Londen het fMRI project te runnen en om in Amsterdam ons app-project te mogen 
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bedankt voor een fijne en goede start van mijn PhD. Zonder jouw hulp met BrainVoyager 
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had a great time at the CSI Lab! 

Ook wil ik al mijn coauteurs bedanken voor de mooie samenwerkingen, alle GGZ-

instellingen en patiënten- en familieverenigingen voor hun hulp bij recruitment en alle 

deelnemers in mijn studies voor hun inzet. Veel dank aan het SMARTapp team, jullie 

hebben de app-studie mede tot een succes gemaakt! 

Lieve vriendinnetjes en vrienden, wat ben ik blij met jullie. Loes en Fiek, bedankt voor alle 

gezelligheid en afleiding tijdens de afgelopen jaren. In moeilijke tijden waren jullie er voor 

me en had ik veel aan jullie luisterende oor en jullie tips. Jullie vertrouwen in mij en jullie 

opbeurende woorden hebben mij enorm geholpen. Super bedankt voor al jullie steun! 

Loes, jij bent al 20 jaar een van mijn beste vriendinnen en ik ben trots dat ik mijn 
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wisten me altijd weer op te beuren. Dank voor jullie interesse, onvoorwaardelijke steun en 

jullie vertrouwen in mij. 
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