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Abstract

People with schizophrenia-spectrum disorders (SSD) often experience impairments in non-social 

motivation. In this study, we extended this line of investigation by examining specific components 

of social motivation and the extent to which these components work together in people with and 

without a recent-onset SSD. Sixty-four people with a recent-onset SSD and 26 controls completed 

a task that allowed us to examine changes in anticipated pleasure, decisions to trust, and effort 

expenditure over the course of repeated interactions with positive or negative outcomes. Compared 

to controls, we found that people in the SSD group placed less trust, tended to anticipate less 

pleasure, and expended less effort to increase the likelihood of future interactions with positive 

outcomes. Further, in the SSD group, effort expenditure was not associated with either anticipated 

pleasure or decisions to trust. While there were no group differences in anticipated pleasure or 

trust placed during interactions with negative outcomes, people in the SSD group expended less 

effort to decrease to the likelihood of future interactions. Taken together, our findings suggest that 

people with a recent-onset SSD may experience both impairment and disconnection between 

various components of social motivation for interactions with positive outcomes. Implications for 

interventions for social engagement in people with SSD are discussed.
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Introduction

People across the schizophrenia spectrum often experience greater levels of social isolation 

and difficulties forming social relationships (Fulford et al., 2013; Schlosser et al., 2014). 

While recent models (Barch and Dowd, 2010; Kring and Barch, 2014) have identified 

specific components of non-social motivation that are often impaired in people with 

schizophrenia, it is unclear whether similar impairments in components of social motivation 

may contribute to decreased social engagement. For instance, people with schizophrenia 

may have a positive social interaction, but fail to use this positive outcome to generate the 

drive for future social engagement, thus contributing to poorer social functioning that is 

common in the illness (Robertson et al., 2014). In this study, we examining three distinct, 

but related components of motivation for social interactions in people with and without a 

recent-onset SSD: anticipated pleasure, reward learning, and effort expenditure. By focusing 

early in the course of illness, we sought to better understand how components of social 

motivation work together, or breakdown during a period that is critical for social 

development (Crone & Dahl, 2012).

Components of Non-Social Motivation

To better understand the nature of motivational impairment in schizophrenia, researchers 

have begun to unpack deficits in motivation into distinct, but related components. One such 

component is the experience of pleasure, which can be parsed into consummatory (in the 

moment) and anticipatory components (Kring and Elis 2013). Compared to controls, people 

with schizophrenia often anticipate less pleasure from physical, non-social positively 

valenced stimuli (Kring and Elis, 2013; but see Frost and Strauss, 2016). Another distinct, 

but related component is reward learning, or the ability to use positive and negative 

outcomes to inform subsequent decision-making. Compared to controls, people across the 

schizophrenia spectrum have been shown to have difficulties learning from positive, but not 

negative non-social outcomes (e.g. monetary gains or losses; Strauss et al., 2011; Gold et al., 

2012; Chang et al., 2016). More recently, studies have shown that people with chronic 

schizophrenia have impairments in effort-based decision-making compared to controls 

(Green et al., 2015), inefficiently allocating effort expenditure as evidenced by difficulty 

using information about reward magnitude and the probability or reward receipt to update 

effort-based decision-making (Gold et al., 2013; Barch et al., 2014; Treadway et al., 2015; 

McCarthy et al., 2016).

Components of Social Motivation

To date, research into the various components of social motivation in SSD has been fairly 

limited. Only two studies have investigated anticipated pleasure from social outcomes 

finding that compared to controls, people with SSD reported less anticipated pleasure from 

being included in a social interaction (Engel et al., 2016) and during interactions with 

smiling social partners and positive outcomes (Campellone and Kring, 2017). In both of 

these studies, there were no group differences in anticipated pleasure for social interactions 

with negative outcomes. For reward learning, a few recent studies have investigated how 

people with and without schizophrenia use positive and negative social interaction outcomes 

to inform decisions to trust during subsequent interactions with social partners (see Fett et 
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al., 2015). These studies have shown that people with SSD have comparative difficulties in 

learning from rewarding interactions, as evidenced by difficulties using positive social 

interaction outcomes (i.e., reciprocation of trust by a social partner) to inform subsequent 

decisions to trust (Fett et al., 2016; Campellone et al., 2016). Learning from negative social 

interaction outcomes, however, appears to be intact (Fett et al., 2012; Campellone et al., 

2016, but see Fett et al., 2016). Finally, for effort expenditure, a recent study (de la Asuncion 

et al., 2015) found no group differences in reaction time for approaching and avoiding 

(single joystick movement) emotional faces. Overall, these studies suggest that impairments 

in discrete components of social motivation in SSD may be specific to positive social 

outcomes. Furthermore, these studies have shown that impairments in components of social 

motivation are associated with poorer social functioning (Campellone et al., 2016; 

Campellone and Kring, 2017). In this study, we build on these findings by simultaneously 

investigating each of these components as well as examining the inter-relationships between 

components.

The Role of Emotion Displays

Social interactions also contain other sources of information that can be used to inform 

social motivation, such as a social partner’s emotional display. In research with healthy 

people, smiles have been shown to promote trust (Scharlemann et al., 2001), activate brain 

regions associated with anticipated pleasure (Rademacher et al., 2010) and facilitate learning 

trustworthy behavior (Heerey, 2014). Scowls, on the other hand, signal rejection (Heerdink 

et al., 2015) and for others to keep their distance (Marsh et al., 2005). Furthermore, there is a 

growing body of evidence that emotional displays can influence components of social 

motivation in people with schizophrenia, such as decisions to trust (Campellone, Fisher, and 

Kring, 2016), anticipated pleasure (Campellone and Kring, 2017), and effort expenditure (de 

la Asuncion, 2015). In this study, we sought to add to this growing body of evidence by 

investigating potential group differences in the use of emotional displays to guide 

components of social motivation earlier in the course of illness.

Present Study

We tested several hypotheses. First, compared to controls, people in the SSD group would 

show impaired reward learning, as evidenced by placing less trust in social partners, and 

anticipate less pleasure over the course of repeated social interactions with positive 

outcomes. For both reward learning and anticipated pleasure, we predicted that there would 

be no group differences in the use of negative outcomes to inform these components. 

Second, compared to controls, people in the SSD would expend less effort to increase the 

likelihood of future social interactions over the course of interactions with positive 

outcomes. Given the lack of prior investigation, we explored group differences in effort 

expenditure for negative social outcomes. Third, we predicted that both groups would use 

the information signaled by emotional displays to guide components of social motivation. 

Fourth, for each component, we predicted that impairments in using positive, but not 

negative social interaction outcomes would be associated with poorer social functioning. In 

addition to these hypotheses, we explored the inter-relationships between social motivation 

components in both groups.
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Material and Methods

Participants

Sixty-four people met DSM-IV-TR (American Psychiatric Association, 2000) criteria for 

SSD: schizophrenia (n = 34), schizoaffective (n = 27), or schizophreniform disorder (n = 3). 

Diagnoses were confirmed using the Structured Clinical Interview for DSM-IV-TR disorders 

(SCID-IV-TR; First et al., 2002). Participants were between the ages of 18 and 35 and within 

the first five years of formal diagnosis. Participants had no history of neurological disorders 

or serious head trauma, were fluent in English, had an estimated IQ > 70, and did not meet 

criteria for a substance dependence disorder within the past six months. Fifty-five of the 64 

participants in the SSD group were taking an antipsychotic at the time of this study. See 

Table 1 for demographic information. The majority of the SSD group were recruited locally 

from an early psychosis clinic, and the remainder (n = 26) were remotely recruited from 12 

states across the country using online advertisements (Craigslist, message boards, lab 

website). For remote participants, informed consent was obtained using Qualtrics Insight 

Platform (Provo, UT) and clinical assessments were conducted via FaceTime or Skype. 

Informed consent was obtained for all participants prior to completing any study procedures.

Twenty-six control participants were recruited from an undergraduate research pool. 

Participants were undergraduate students between the ages of 18 and 35 who received partial 

course credit for psychology classes and completed the study in-person. Control participants 

were demographically similar to the SSD group (see Table 1) and did not meet criteria for a 

current or past mood, anxiety, or psychotic disorder. To better match the demographics of 

the SSD group, we broadened our recruitment to include non-traditional students whose age 

fell outside the typical range for college students (18–22). As such, the resulting age range 

had a bimodal rather than normal distribution, which contributed to the greater variance in 

age values. All study procedures were approved by an Institutional Review Board.

Self-Report and Interview-based Assessment—Full-scale IQ was estimated using 

the Wechsler Test of Adult Reading (WTAR; Wechsler, 2001) for all participants. For the 

SSD group, real-world social functioning was assessed with the Role Functioning Scale 

(RFS; McPheters, 1984), and positive and negative symptoms were assessed using the 

Positive and Negative Syndrome Scale (PANSS; Kay et al., 1988), with higher scores 

indicating greater levels of symptom severity (Wallwork et al., 2012).

Modified Trust Task

After providing informed consent, participants completed a modified version of the Trust 

Game used in previous studies, which was adapted to an online format using Qualtrics 

Insight Platform (Provo, UT) for all participants. During this task, participants interacted 

with four simulated social partners identified by name and a dynamic video of them 

expressing either an emotional (smile or scowl) or neutral facial display. Participants 

indicated their anticipated pleasure from the outcome of the interaction (1 to 7 scale) and 

how many points to send to a partner (between 0 and 10) using the keyboard. The amount of 

points sent by the participant was then quadrupled and social partners returned a percentage 

of the quadrupled amount (0% to 100%), with both the participant and social partner’s 
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percentage shown on the screen. Thus, the amount of points sent by a participant represents 

how much he/she trusted that a social partner would honor and reciprocate his/her trust by 

returning points (see Figure 1).

Finally, participants could influence the likelihood of interacting with this social partner 

again in the future by expending effort in the form of repeated key presses. Participants 

could repeatedly press a specific key to increase the likelihood, a different key to decrease 

the likelihood, or simply choose to do nothing for the duration of the 6-second response 

window if they did not have a preference. Participants’ responses did not actually impact the 

likelihood of future interactions. We averaged the number of key presses across the response 

window to create an index of the number of key presses per second per participant.

Social partner behavior was predetermined so that interactions with two partners resulted in 

positive outcomes (average return double the amount sent) while interactions with the other 

two social partners resulted in negative outcomes (average return half the amount sent). Each 

social partner’s behavior was consistent throughout the study, but varied from trial to trial 

(i.e., returned 80% on one trial and 50% on the next trial). The order of interactions was 

pseudo-randomized so that participants never interacted with the same partner on 

consecutive trials. The total amount of points a participant received did not accumulate 

across trials and was reset after each interaction. Participants interacted with each social 

partner 8 times for a total of 32 trials (see Figure 1).

Social Partner Emotional Displays—The dynamic 5s video clips were chosen from the 

Amsterdam Dynamic Facial Expression Set (ADFES; Van der Schalk et al., 2011). We chose 

4 actors (2 men, 2 women), with one member of each gender expressing an emotion and the 

other expressing a neutral display. Participants were randomized to one of two study 

versions, counterbalanced with each version having a different pairing of social partner 

gender and emotional display. Actor videos (male, female, emotional, neutral) were matched 

based on ratings from an independent sample on attractiveness, trustworthiness, and 

emotional intensity. Each social partner exhibited the same display for all interactions.

Statistical Analysis Plan

We first examined the normality of our dependent variable distributions using the Shapiro-

Wilk test. Next, we examined between and within group differences in demographic 

information using t-tests for continuous variables and chi-square tests for categorical 

variables. To examine changes in decisions to trust, anticipated pleasure, and effort 

expenditure over the course of repeated social interactions, we used linear mixed effects 

regression models. The frequency of trials where effort was expended to decrease the 

likelihood of interactions with positive outcomes and increase the likelihood of interactions 

with negative outcomes was very low, with more than half of the participants in both groups 

expending no effort on these trials. Given the low frequency of effort on these trials, we only 

conducted models for effort to increase the likelihood of interactions with positive outcomes 

and decrease the likelihood of interactions with negative outcomes.

Linear mixed effects regression models can accommodate the nesting that occurs in the 

repeated measurement of the same individuals over time by modelling the random 
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distribution of individual differences in level (random effect for intercept) and change over 

time (random effect for slope). We conducted separate models for interactions with positive 

and negative social interaction outcomes. Models included the following variables: group 

(SSD, control), emotion (smile, neutral), time (repeated social interactions), and all possible 

higher order interactions. Model analyses were conducted using the lme4 package in R 

version 3.1.0 (R Core Team, 2013). We reported unstandardized beta coefficient estimates, 

standard errors, and effect sizes (Cohen’s d) for each model effect.

To examine the relationship between impairments in social motivation for interactions with 

positive outcomes and social functioning in the SSD group, we computed correlations 

between each component and the RFS Social Network subscale. We investigated the inter-

relationships between social motivation components by computing correlations between 

average decisions to trust, anticipated pleasure, and effort expended to increase or decrease 

the likelihood of future interactions for each group.

Results

Demographics were not associated with any study variables. In addition, there were no 

gender differences in task performance nor any interactions between participant and social 

partner gender for any of the dependent variables within either group. There were 

significantly more Asian participants in the control compared to SSD group, but racial 

background was not associated with any study variables. Within the SSD group, there were 

no demographic or performance differences between participants who were enrolled in-

person versus remotely. In addition, there were no performance differences between SSD 

participants diagnosed with schizophrenia versus schizoaffective disorder. Further, there 

were no differences between people that were and were not taking anti-psychotic 

medications and chlorpromazine equivalents were not associated with task performance. 

Greater negative symptoms were associated with decreased trust (r = −0.33, p < 0.05) and 

greater effort to decrease the likelihood of future interactions with negative outcomes with 

both scowling (r = 0.28, p = 0.03) and neutral social partners (r = 0.28, p = 0.03). Positive 

symptoms were not associated with any components (see Supplemental Materials).

Prior to starting the task, participants rated how positive they found each social partner 

emotional display to be on a 1 (not at all) to 7 (very much so scale). For both groups, smiling 

male and female social partners were rated as more positive than their neutral counterparts 

and scowling male and female social partners were rated as less positive than their neutral 

counterparts. Next, we compared whether the ratings of how positive smiling, scowling, and 

neutral social partner emotional displays were different for people with and without a SSD. 

We found no group differences in the ratings made for smiling, scowling, or neutral facial 

displays (see Supplemental Materials).

Using Positive Interaction Outcomes to Inform Social Motivation

Anticipated Pleasure—See Table 2 for a complete list of model effect estimates. We 

found partial support for our hypotheses as the Group × Time interaction approached 

significance, with the SSD group anticipating less pleasure over the course of repeated social 

interactions (see Figure 2a). We did find a main effect of emotion, with both groups 
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anticipating greater pleasure from interactions with smiling compared to neutral social 

partners, t(89) = 8.72, p < 0.001. Greater anticipated pleasure was associated with a trend 

towards significantly greater real-world social functioning, p = 0.09.

Decisions to Trust—In line with our hypothesis, we found a significant Group × Time 

interaction, with people in the SSD group placing comparatively less trust in social partners 

over the course of repeated interactions (see Figure 2b). Also in line with our hypothesis, we 

found a main effect of emotion, with both groups placing more trust in smiling social 

partners, t(89) = 6.87, p < 0.001. In people with SSD, greater trust during interactions with 

positive outcomes was associated with significantly greater real-world social functioning, 

r(64) = 0.25, p = 0.05.

Effort Expenditure—We found support for our hypothesis as the Group × Time Type 

interaction was significant with the SSD group expending less effort over the course of 

repeated interactions (see Figure 3a). While we did not find a main effect of emotion, we did 

find a significant Time × Emotion interactions as both groups expended greater effort over 

the course of interactions with smiling compared to a neutral social partners. All other 

effects were not significant. Effort expenditure to increase the likelihood of future 

interactions was not associated with real-world social functioning (p’s > 0.52).

Using Negative Interaction Outcomes to Inform Social Motivation

Anticipated Pleasure—In line with our hypotheses, there were no group differences in 

anticipated pleasure over the course of interactions and both groups anticipated less pleasure 

from interactions with scowling compared to neutral social partners, t(89) = −6.50, p < 0.001 

(see Figure 2c). Anticipated pleasure was not associated with real-world social functioning 

(p’s > 0.11).

Decisions to Trust—We found partial support for our hypotheses as there were no group 

differences in decisions to trust social partners over the course of interactions as well as 

between scowling and neutral social partners (see Figure 2d). The amount of trust was not 

associated with real-world social functioning (p’s > 0.12).

Effort Expenditure—We found a significant Group × Time interaction with the SSD 

group expending less effort over the course of repeated interactions (see Figure 3b). We also 

found a significant main effect of emotion that was qualified by a significant Time × 

Emotion. However, unlike interactions with positive outcomes, both groups expended 

greater effort over the course of interactions with neutral compared to scowling social 

partners. All other effects were not significant. Effort expenditure to decrease the likelihood 

of future interactions was not associated with real-world social functioning (p’s > 0.22).

Inter-relationships Between Social Motivation Components

In the SSD group, the amount of trust placed in social partners during interactions with both 

positive and negative outcomes was positively associated with anticipated pleasure, r(64) = 

0.64, p < 0.001, but neither the amount of trust placed nor anticipated pleasure during 

interactions with positive or negative outcomes were associated with effort expenditure (p’s 
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> 0.20). For controls, the amount of trust placed in social partners during interactions with 

both positive and negative outcomes was positively associated with anticipated pleasure, 

r(26) = 0.67, p < 0.01. However, unlike the SSD group, both the amount of trust placed, 

r(26) = −0.39, p = 0.04, and anticipated pleasure, r(26) = −0.56, p < 0.01, during interactions 

with negative outcomes was negatively associated with effort expended to decrease the 

likelihood of future interactions with negative outcomes. All other association were not 

significant (p’s > 0.15).

Discussion

In this study, we examined how people with and without SSD used positive and negative 

social interaction outcomes and social partner emotional displays to guide multiple 

components of social motivation as well as how these components work together. In line 

with our hypotheses, we found that compared to controls, people with a SSD had 

comparative deficits in reward learning as evidenced by decreased decisions to trust and a 

trend towards diminished anticipated pleasure for interactions with positive, but not negative 

outcomes. Trust is a key component in forming and maintaining social relationships and the 

amount of anticipated pleasure is associated with the likelihood of engaging in a particular 

course of action (Mellers and McGraw, 2001). Also in line with our hypotheses, we found 

that impairments in these components were associated with poorer social functioning, which 

suggests that difficulties learning from positive interaction outcomes and using this 

information to guide anticipated pleasure and decisions to trust may contribute to the deficits 

in social functioning found across the schizophrenia spectrum (Fulford et al., 2013; 

Schlosser et al., 2014). Of importance, we also found a strong, positive relationship between 

anticipated pleasure and decisions to trust in both groups, regardless of interaction outcome. 

Thus, for people in the SSD group, it appears that difficulty using positive outcomes to 

independently inform anticipated pleasure and decisions to trust may also impact how these 

components work together.

Another factor that may contribute to difficulties establishing and maintaining social 

relationships among people with SSD is effort expenditure. Our findings suggest that rather 

than simply choosing to not to expend effort, or expending effort “inefficiently”, as is the 

case for monetary rewards (McCarthy et al., 2016), people with SSD may be more less 

willing to expend effort to seek out future interactions with positive outcomes. Interestingly, 

people with a SSD also expended less effort to decrease the likelihood of future interactions 

with negative outcomes. This study is the first to examine effort expenditure for negative 

outcome, and our finding suggests that deficits in effort expenditure may not be outcome 

specific. One possible explanation for a decrease in effort expenditure among people with a 

SSD is that effort expenditure appears to be disconnected from other components of social 

motivation. Therefore, decisions to expend effort among people in the SSD group may be 

made independent of information from other social motivation components. The potential 

impact of these findings clearly warrants future investigation to better understand how 

deficits in effort expenditure influence social behavior among people with SSD. 

Interestingly, neither group showed a connection between anticipated pleasure or trust and 

effort expenditure for interactions with negative outcomes. This suggests that the connection 
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between motivation components may be particularly important for informing effort 

expended for seeking out rewarding social interactions.

Still, there are other possible explanations that should be ruled out to more clearly elucidate 

the nature of social motivation impairment among those with SSD. For example, people with 

schizophrenia also have deficits in the updating of internal representations of reward in order 

to inform behavior (Gold et al., 2008; Kring and Barch, 2014), as well as maintaining 

emotional experiences (Kring et al., 2011; Ursu et al., 2011). Deficits in either value 

representation or the maintenance may contribute to the dissociation between emotional 

experience and motivated behavior found in previous studies of non-social motivation 

(Heerey and Gold, 2007; Lui et al., 2016). Thus, while our study extended previous 

investigation to the social world, future studies should continue the simultaneous 

investigation of multiple social motivation components to better understand their 

contributions to impairment.

Impairments in social motivation, however, do not appear to be due to difficulties using the 

information signaled by social partner’s emotional displays. Indeed, in line with our 

hypothesis, both people with and without SSD used the information signaled by smiles to 

increase anticipated pleasure, trust, and effort expenditure. However, while both people with 

and without schizophrenia anticipated less pleasure during interactions with scowling 

compared to neutral social partners, there were no differences in the amount of trust placed 

during interactions with these partners. Furthermore, while both groups expended greater 

effort during interactions with scowling compared to neutral partners, there was a greater 

decrease in this effort expenditure over the course of repeated interactions. Thus, it appears 

that the information signaled by scowls did not influence the decisions to trust and the 

continued expenditure of effort expenditure during these interactions. Future studies should 

continue seek to unpack how the information signaled by emotional displays is used to guide 

components of social motivation and how this information changes over the course of 

repeated interactions.

Taken together, our findings have implications for our understanding of social motivation in 

the schizophrenia-spectrum. Models of motivation in schizophrenia (e.g., Barch and Dowd, 

2010; Kring and Barch, 2014) posit that individual components work together to produce 

motivated behavior, and that impairments in specific processes contribute to motivational 

impairment. However, a recent review in people with schizophrenia proposed that 

underlying impairments in components of motivated behavior could be due to aberrant 

interactions between cortical-striatal brain regions, implicating neural network disconnection 

as a possible cause (Strauss et al., 2014). Our findings provide behavioral evidence for both 

accounts; people with a recent-onset SSD not only experienced impairments in individual 

components of social motivation for interactions with positive outcomes, but these 

components appear to be connected differently than in people without a SSD. An important 

next step will be to take this work outside of laboratory and into the daily lives of people 

with SSD. Indeed, real-world social interactions are often more variable and unpredictable, 

with outcomes changing from interaction to interaction and vacillating between rewarding 

(e.g., acceptance, reciprocation) and punishing (e.g., rejection) outcomes and examining 
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how these motivational components work together in everyday life has critical implications 

for understanding social deficits in schizophrenia.

Our study had some limitations. First, we asked participants to consciously rate their 

anticipated pleasure and make decisions about trust and effort expenditure, which are 

processes that typically occur at a much faster pace and outside of conscious awareness. As 

such, future studies should test whether impairments persist in situations that require implicit 

rather than explicit use of social motivation components. Second, while we examined 

correlates of social motivation impairment, there may be other individual differences, such 

as altruism, that influenced decisions to trust and other motivation components. As such, 

future studies should consider further examining factors that be related to or moderate social 

motivation. Third, while study trials involved an interaction with a social partner, the 

outcomes were expressed as points. To increase the social nature of interaction outcomes, 

future studies might consider using other kinds of social outcomes, such as smiles/scowls 

and acceptance/rejection. In addition, while we used the word interaction to describe 

participant/social partner exchanges and incorporated dynamic facial stimuli to represent 

social partners, trials in this task lacked the back and forth found in traditional social 

interactions. Future studies should consider ways to increase the ecological validity of 

investigating components of social motivation.

We designed this task so that participants had the option to wait for the 6 second period to 

end, and thus effort expenditure was volitional. However, it may have been the case that 

effort expended to decrease future interactions with positive outcomes and increase 

interactions with negative outcomes, which was very low overall, was due to a lack of 

paying attention or confusion on behalf of people in the SSD group. Fourth, while the 

control group was demographically similar to the SSD group, the higher level of functioning 

that is typical of college undergraduates may make the findings from this group less 

generalizable. Finally, while we did not assess working memory in this current study, 

previous studies have not found any link between working memory and task performance in 

people with schizophrenia (Campellone et al., 2016).

In summary, we found that compared to controls, people with a recent-onset SSD have 

impairments in multiple components of social motivation. Specifically, people with a recent-

onset SSD placed less trust, tended to anticipate less pleasure, and expended less effort to 

increase the likelihood future interactions with positive social outcomes. Importantly, 

impairments in components of social motivation appear to be specific to interactions with 

positive outcomes, with the only group difference for interactions negative outcomes being 

decreased effort expenditure by people with a SSD. Furthermore, impairments in social 

motivation are not due to difficulties using the information signaled by social partner 

emotional displays. Taken together, our findings provide potential intervention targets for 

enhancing social motivation during a critical period of social development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• People with schizophrenia often experience impairments in components of 

motivation

• This includes anticipated pleasure, reward learning, and effort expenditure

• We extended previous work to motivation for social interactions

• We show that impairments are largely specific to motivation for positive 

interactions

• Impairments may also result from disconnection between motivation 

components
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Figure 1. 
Example of a modified trust task trial. Participants first saw the name and a dynamic video 

clip of a social partner displaying an emotional (smile/scowl) or neutral facial expression. 

Next, participants rated their anticipated pleasure for the interaction outcome and then 

decided how much trust to place in the social partner. Participants then saw the outcome of 

the interaction and were presented with the option to expend effort to increase or decrease 

the likelihood of future interactions.

Note. Pairing of social partner display and gender was different across the two study 

versions. Participants interacted with each social partner 8 times for a total of 32 trials.
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Figure 2. 
Figure 2 shows the average anticipated pleasure and trust placed over the course of repeated 

interactions with social partners displaying emotional and non-emotional displays. Figure 2a 

and 2c show the average anticipated pleasure over the course of repeated interactions with 

positive (2a) and negative (2c) outcomes. Figures 2b and 2d show the average trust placed 

over the course of repeated interactions with positive (2b) and negative (2d) outcomes.
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Figure 3. 
Figure 3 shows the average effort expenditure over the course of repeated interactions with 

social partners displaying emotional and non-emotional displays. Figure 3a shows that, 

compared to controls, people in the SSD group expended less effort to increase the 

likelihood of future social interactions with positive outcomes over the course of repeated 

interactions. Figure 3b, shows that, compared to controls, people in the SSD group expended 

less effort to decrease the likelihood of future social interactions with negative outcomes 

over the course of repeated interactions.
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Table 1

Demographic and Clinical variables

SSD Group (n = 64) Controls (n = 26) SSD vs. Control (p)

Age 23.02 (3.9) 25.15 (7.1) 0.12

Education 13.78 (2.1) 13.50 (.91) 0.51

Sex (M/F) 47/17 16/10 0.26

Racial Background (%) 0.01

 Caucasian 48.4% 46.2%

 Asian 18.8% 42.3%

 Black 18.8% 11.5%

 Other 14.0% 0%

WTAR FSIQ 107.18 (8.0) 108.19 (14.6) 0.68

RFS Social Networks 4.52 (1.6) 6.15 (1.6) < 0.001

Duration of illness (months) 30.17 (19.0) -- --

Chlorpromazine Equivalents 344.05 (351.9) -- --

PANSS Positive subscale 7.02 (3.7) -- --

PANSS Negative Subscale 13.88 (6.5) -- --

Note. WTAR = Wechsler Test of Adult Reading Scale; FSIQ = Full Scale IQ; RFS = Role Functioning Scale; PANSS = Positive and Negative 
Syndrome Scale.
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