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Abstract

Experiential negative symptoms—including diminished motivation—have a profound impact on
functional outcomes in schizophrenia. Animal research suggests that abnormalities in
dopaminergic regulation can negatively impact effort exertion, a translational model that has been
applied to individuals with schizophrenia. Paradigms that assess effort-based decision making, for
example, suggest less likelihood of choosing high effort tasks that are high in probability of
success, and this preference varies with negative symptoms and impaired functioning. Although
asociality is another well-documented component of experiential negative symptoms, it is unclear
whether diminished motivation for monetary reward extends to the social domain. To test this
question, the authors designed the Social Vigor Task (SVT)—a measure of effort exertion in the
context of live social encouragement. They further examined the effect of oxytocin, a neuropeptide
implicated in social behavior, on vigor. Forty-two individuals with schizophrenia and 43 healthy
controls completed the SVT twice: once after intranasal administration of saline placebo and again
after oxytocin. Both groups showed similar increases in vigor in response to social
encouragement, suggesting effort in the social context is spared in schizophrenia. Group
differences in the effect of social encouragement on vigor varied by point-based reward rate and
trial length. Oxytocin did not increase vigor during social encouragement in either group. Within
the schizophrenia group, clinician-rated passive social withdrawal, but not active social avoidance,
was negatively associated with vigor. Results suggest that people with schizophrenia show
normative levels of effort in the context of social encouragement; low approach motivation,
however, relates to lower effort.

General Scientific Summary

Research has shown that people with schizophrenia are less likely than healthy controls to choose
tasks that require high effort, particularly when probability of success is high. Less is known about
effort exertion in social contexts. This study suggests that effort exertion in the context of social
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encouragement is generally spared, though related to clinician-rated approach motivation, in
schizophrenia.
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Motivational impairment—a key component of the experiential domain of negative
symptoms—drives a large portion of the psychosocial impairment present in schizophrenia
(SZ; Foussias & Remington, 2010). Nonetheless, motivation is a complex, multifaceted
construct that is difficult to measure accurately. There has been growing interest in recent
years in the development of measures designed to circumvent the limitations posed by self-
report instruments, or resource intensive interview-based measures, to more objectively and
efficiently capture motivation deficits (Green, Horan, Barch, & Gold, 2015). Standard self-
report or interview measures rely on retrospective reporting of motivation, which is biased
by current mood state and memory impairment. In addition, these measures typically
combine different aspects of motivation, such as anticipatory and consummatory pleasure,
and often do not consider the impact of availability of reinforcements in the person’s
environment. Development of objective, standardized measures has the potential to vastly
improve our understanding of the key components of motivation deficits in SZ and provide
meaningful outcome measures for clinical trials.

Recent advances in measure development have capitalized on translational findings that
parse out the component parts of motivation, including liking (hedonic experience of
reward), wanting (reward seeking), and learning (incorporating information from previous
experience to drive current goal-directed behavior; Salamone & Correa, 2012; Treadway &
Zald, 2011). Evidence suggests people with SZ have the capacity for emotional experience
(i.e., liking; (Cohen & Minor, 2010; Gard, Kring, Gard, Horan, & Green, 2007), but have
difficulty using prior affective experience to drive goal-directed behavior (i.e., wanting and
learning; (Heerey & Gold, 2007). Measures have been developed in recent years to more
objectively and specifically assess deficits in wanting and learning as drivers of goal-directed
behavior. One such set of promising measures addresses effort-based decision making, or the
willingness to exert physical and mental effort for reward (Fervaha et al., 2013; Reddy et al.,
2015; Treadway, Buckholtz, Schwartzman, Lambert, & Zald, 2009). These measures
typically use money as reward, and operationalize low motivation as the tendency to choose
tasks that require lower mental or physical effort, and which result in smaller rewards.

The promise in these measures is supported by findings linking a preference for low-effort,
low-reward tasks with poorer occupational functioning and lower intrinsic motivation in SZ
(Barch, Treadway, & Schoen, 2014; Horan et al., 2015). Findings regarding the role of
negative symptoms in effort-based decision making have been inconsistent (Fervaha et al.,
2013; Gold, Waltz, & Frank, 2015; McCarthy, Treadway, Bennett, & Blanchard, 2016).
These inconsistencies may be due to differences in assessment method (e.g., retrospective
report of clinical interviews, conflation of expressive and experiential deficits in some
measures), or due to the impact of other explanatory variables, including the effects of
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antipsychotic medication (Gold et al., 2015). Nonetheless, there appears to be a growing
body of evidence in favor of the convergent validity of effort-based decision-making
paradigms.

One important potential extension of this work is the development of measures to assess
motivation for social rewards. Asociality, the term used to describe an additional key
component of experiential negative symptoms of SZ, refers to a lack of motivation to engage
in social interaction and/or a preference for being alone. Much of the evidence for asociality
in SZ has been derived from self-report and interview-based assessments that combine Items
assessing hedonic experience of social interaction (i.e., social anhedonia) with objective
indicators of social connection (e.g., number of friends/acquaintances; Blanchard, Mueser,
& Bellack, 1998; Chapman, Chapman, & Raulin, 1976). Social anhedonia is considered a
robust psychological risk factor for the development of SZ (Kwapil, 1998; Kwapil et al.,
2009). Findings of social anhedonia in SZ and analog samples have been supported by
experience-sampling (e.g., Ecological Momentary Assessment) and behavioral studies.
People high in social anhedonia, for example, report spending more time alone, a preference
for being alone, and higher positive affect when alone (L. H. Brown, Silvia, Myin-Germeys,
& Kwapil, 2007; Kwapil et al., 2009). They also may show less affiliative behaviors in
controlled role-play settings (Llerena, Park, Couture, & Blanchard, 2012). Although
asociality due to low desire for social connection is present in some people with SZ, there is
emerging evidence that many people with SZ express a desire for more social connection
(Gard, Sanchez, Starr, et al., 2014), and patients report improving social outcomes as a key
goal in treatment (Byrne, Davies, & Morrison, 2010). In addition, contrary to findings in
people with elevated social anhedonia, the experience of positive affect in relation to daily
interactions is associated with increased social engagement in people with diagnosed SZ
(Granholm, Ben-Zeev, Fulford, & Swendsen, 2013).

Despite reported desire, recent findings continue to suggest that not only do people with SZ
set goals that require less effort, but they also are less likely to set goals that are social in
nature (Gard, Sanchez, Cooper, et al., 2014; Gard, Sanchez, Starr, et al., 2014). It remains
unclear whether asociality is driven by a general lack of interest in interpersonal
relationships, or rather, consistent with the effort-based decision-making literature, people
with SZ-like social interaction but show difficulty connecting this desire with motivated,
goal-directed behavior. Negative symptoms, particularly asociality and anhedonia, might
interfere with the drive to form and maintain social bonds. Positive symptoms (viz.,
paranoia), on the other hand, might prevent social connection through misinterpretation of
social cues. A better understanding of the degree to which people with SZ are responsive to
social encouragement can help us better design interventions focused on enhancing
interpersonal functioning.

Additional contributors to social impairment in SZ are neurocognition and, more
specifically, social cognition (Addington & Addington, 2000; Addington, McCleary, &
Munroe-Blum, 1998). Social cognition includes abilities such as theory of mind/mentalizing,
affect recognition, and causal attributions about the self and others (Penn, Sanna, & Roberts,
2007). Deficits in social cognition predict substantial variance in social functioning
impairment (Couture, Penn, & Roberts, 2006; Fett et al., 2011). Research suggests that
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social-cognitive deficits lead to poorer functional outcome through their negative influence
on motivation (Gard, Fisher, Garrett, Genevsky, & Vinogradov, 2009; Green, Hellemann,
Horan, Lee, & Wynn, 2012). Nonetheless, although clearly important for understanding
skills and abilities in the social domain, it is unknown whether impairments in social
cognition are informative in regards to willingness to exert effort in the service of forming or
maintaining social bonds in SZ.

Despite the importance of clarifying contributors to social impairment in SZ, there is
surprisingly little research examining objective indicators of drive for social connection.
Recent studies examining mativation in individuals high in social anhedonia suggest
diminished responsivity to social, but not monetary, reward (Xie et al., 2015); however, tasks
that purportedly measure social motivation either use stimuli that are only social inasmuch
as they include cartoon images or photographs of faces (e.g., social incentive delay task;
(Spreckelmeyer et al., 2009)). These tasks shed light on individual differences in the
experience of social stimuli as rewarding (i.e., the hedonic, liking quality), but may not tell
us much about the extent to which this liking translates into effort exertion in social contexts.
As there are currently no available measures designed to assess effort in the context of social
reinforcement, a primary aim of the current study was to develop a task that incorporated
social encouragement as reinforcement for effortful behavior.

A secondary goal of this study was to test the effects of a manipulation of the oxytocin
system—a neuropeptide implicated in social behavior—on effort in the context of social
encouragement. Given its presence on receptors that populate the ventral tegmental area and
nucleus accumbens (Skuse & Gallagher, 2009), oxytocin is believed to interact with
dopamine to influence social salience (Shamay-Tsoory & Abu-Akel, 2016; Theodoridou,
Penton-Voak, & Rowe, 2013). For example, dopamine has been shown to modulate the
effect of exogenous oxytocin on responsivity of reward regions of the brain during
presentation of social stimuli (Montag, Sauer, Reuter, & Kirsch, 2013). Thus, it has been
postulated that activation of oxytocin increases the salience of social stimuli through its
influence on the dopaminergic system (Groppe et al., 2013; Rademacher, Schulte-Ruther,
Hanewald, & Lammertz, 2017). Because of the clear role dopamine plays in effort-based
decision making and motivated behavior (Arias-Carrion & Pdppel, 2007; Berridge &
Robinson, 1998; Salamone, Correa, Farrar, & Mingote, 2007), it is possible that exogenous
oxytocin, through its interaction with dopamine, might increase effortful behavior in social
contexts. As such, an additional goal of the current study was to determine the extent to
which oxytocin might influence vigor during social encouragement, in relation to an absence
of social encouragement, as would be implied by theories suggesting the impact of oxytocin
on social approach behavior (Kemp & Guastella, 2011; Scheele et al., 2013).

The role of the oxytocin system in the etiology and course of SZ and other disorders
characterized by social impairment (e.g., autism, anxiety) has seen a surge in research in
recent years (Chevallier, Kohls, Troiani, Brodkin, & Schultz, 2012; Feifel et al., 2010;
Labuschagne et al., 2010). Some of this research was prompted by animal models suggesting
that manipulation of the oxytocin system could serve as a useful model for understanding
positive and negative symptoms of SZ (for a review, see Feifel, Shilling, & MacDonald,
2016). Early work in humans, however, showed no difference in endogenous oxytocin levels
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between people with SZ and healthy controls (HCs; Glovinsky, Kalogeras, Kirch, Suddath,
& Wyatt, 1994). Other studies since have shown associations between lower endogenous
oxytocin levels and negative symptoms (Keri, Kiss, & Kelemen, 2008; Sasayama et al.,
2012). In an examination of the association between endogenous oxytocin and social
approach and avoidance behavior in SZ, Brown and colleagues (E. C. Brown et al., 2014)
found that patients with higher levels of oxytocin were quicker to avoid angry faces. This
avoidance was positively correlated with PANSS positive symptoms and self-reported
paranoia. Despite the above findings, the extent to which peripheral measures of endogenous
oxytocin are informative in regard to functioning of the oxytocin system in the brain is
unclear (see (McCullough, Churchland, & Mendez, 2013; Szeto et al., 2011). As such,
findings regarding differences in blood plasma levels of oxytocin should be interpreted with
caution.

Findings regarding the impact of exogenous (i.e., intranasally delivered) oxytocin on
symptoms, cognition, and other outcomes in SZ are decidedly mixed. Although the state of
the knowledge suggests that exogenous oxytocin does not impact positive or negative
symptoms in SZ (Oya, Matsuda, Matsunaga, Kishi, & lwata, 2016; Williams & Birkner,
2017), some studies have found that oxytocin may serve to enhance higher-level social—-
cognitive functions, such as mentalizing (Bradley & Woolley, 2017; Feifel et al., 2016; J. D.
Woolley et al., 2014). It is important to note that age, sex, medication status, and even early
life experiences (e.g., attachment) can all moderate the effects of oxytocin on social behavior
(Bradley & Woolley, 2017). Given the theory that oxytocin may enhance social salience, it
makes sense that it can facilitate both affiliative and hostile reactions, depending on the
context (Bartz, Zaki, Bolger, & Ochsner, 2011; Tabak, 2013). Despite variable findings, the
oxytocin system is clearly implicated in human and mammal social behavior to some degree
and is an important area of inquiry in SZ, given characteristic social impairments
(Rosenfeld, Lieberman, & Jarskog, 2010).

Drawing on the above findings, in the current study we administered the Social Vigor Task
(SVT; described below) to examine effort in the context of social reward in SZ. The SVT
was administered twice to each participant: once in the context of placebo, and once
following intranasal administration of oxytocin, using a within-subjects, double-blind
crossover design. Our primary hypotheses were that (a) people with SZ would exert
significantly less effort in the context of social encouragement than would HCs and (b)
oxytocin would increase effort during social encouragement in both groups. A secondary
hypothesis was that people with SZ would exert less effort than HCs during longer (vs.
shorter) trials and during lower (vs. higher) reward rate trials. In regards to within-group
predictions, we hypothesized that (a) lower perceived social affiliation, as measured by self-
reported empathy and attachment, would be associated with less effort during social
encouragement in both groups; (b) higher social cognition, as measured by accuracy of lie/
sarcasm detection, would be associated with higher effort during social encouragement in
both groups; and (c) higher positive and negative symptoms would be associated with less
effort during social encouragement in the SZ group.
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Participants were 42 individuals with SZ and 43 age- and gender-matched HCs. These
individuals volunteered for a study on social processes in SZ and were recruited through
outpatient facilities in the San Francisco Bay Area and through online advertisements.
Thirty-four (81%) of the SZ participants were taking antipsychotic medications.
Chlorpromazine equivalents were computed using a standardized conversion table
(Andreasen, Pressler, Nopoulos, Miller, & Ho, 2010). See Table 1 for demographic and
clinical characteristics of the two groups. The University of California, San Francisco
Human Research Protection Program approved all study procedures (Protocol #10-02262).
Written informed consent was obtained from each participant and all were compensated.

SVT.—The SVT was designed to assess effort exertion for reward in the context of social
encouragement and nonsocial reinforcement. Our aim in the development of the SVT was to
assess motivated behavior that differed from existing effort-based decision-making tasks
(e.g., Effort Expenditure for Rewards Task [Treadway et al., 2009]; deck choice task [Kool,
McGuire, Rosen, & Botvinick, 2010]; grip effort task [Cléry-Melin et al., 2011]; balloon
effort task [Gold et al., 2013]) in two important ways. For one, given our goal of assessing
social motivation, the primary manipulation was the presence of social encouragement. We
developed a standard set of positive statements (e.g., “Good,” “Keep going!,” “Awesome.
You’re doing great!”). In half the trials, trained research assistants (RAs) delivered these
statements at 10 second intervals with increasing intensity across task completion while they
sat beside the participant. RAs were instructed to give encouragement even when
participants were not engaged in the task. In the other half of trials (points only), the RA
quietly filled out study forms on a clipboard. To provide participants with some indication of
task progress, and to increase motivation for task completion, reward was presented in both
conditions: points accumulated on the screen as participants rapidly pressed the key.
Participants were instructed that the number of points earned was associated with social
adeptness (as determined in previous studies). Explicit mention of what number of points
was considered “good” was purposefully omitted as, consistent with motivation intensity
theory (Brehm, 1999), research suggests that uncertainty of performance can increase effort
mobilization for tasks with moderate difficulty (Brinkmann, Franzen, Rossier, & Gendolla,
2014).

Each trial displayed the number of seconds remaining (indicating if it was a short [30-s] or
long [60-s] trial), and whether it was a trial with low (“50 presses = 10 points”) or high (“5
presses = 20 points™) reward rate. Our rationale for varying trial length and reward rate was
based on models of vigor and reinforcement learning that suggest that vigor is influenced by
the opportunity cost of time and the rate of experienced reward, both of which are moderated
by tonic levels of dopamine (Guitart-Masip, Beierholm, Dolan, Duzel, & Dayan, 2011; Niv,
Daw, Joel, & Dayan, 2007). In varying trial length, we aimed to examine the extent to which
fatigue (or predicted fatigue) influenced vigor, and the potential moderating influence of
social encouragement, and how this varied by group. Thirty and 60 s were chosen based on
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pilot testing of the task, in which users experienced these lengths as subjectively short and
long, respectively. Similarly, we varied reward rate to examine the extent to which higher
rates might increase vigor (and lower rates decrease vigor), and how the effect of reward rate
on vigor might vary by social context and between groups.

A second primary difference from existing effort-based decision-making tasks was that we
minimized decision making requirements that might tax various cognitive resources (e.g.,
attention, working memory, executive function), eliminating the forced-choice nature of
these tasks—participants were not required to select from a hard or easy task, nor were they
presented with information on probability of winning or amount of potential reward. We did
this to both minimize the cognitive burden on participants with SZ, who are known to
experience these deficits, as well in an attempt to isolate pure motivation intensity, or vigor,
from the more cognitively complex decision-making process.

Study procedures were kept as standardized as possible across participants. Each participant
was consented by the RA who administered the task. They were also provided instructions
from this RA for computer tasks that preceded the SVT. A different RA completed clinical
assessments in the week prior to task administration (see below). The larger study included a
total of roughly 2-3 hours of testing, and the SVT occurred at the beginning and end of each
session.

We implemented a systematic process to ensure all RAs were sufficiently trained and kept to
the detailed script provided, while maintaining as much believability as possible in
delivering encouragement. The script included a list of 12 prompts for each 10-s interval.
RAs were trained to advance through the list to cover the available prompts across the
different trials. The script included built-in prompts to reflect increasing intensity of
encouragement. For example, one prompt at 50 s remaining would be “You’re off to a good
start.” At 20 seconds remaining this would advance to “Great!” By 10 s remaining the
prompt would intensify to “Wow, amazing!” RAs were trained not only on how to deliver
the prompts in a standard way across time and participants, but also in how much emphasis
and enthusiasm to display at each increasing level of encouragement over time. In regard to
timing, the SVT includes a countdown timer display. RAs followed this display to ensure
consistent timing of prompt delivery. The training process involved (a) watching several
videotaped examples, (b) at least three practice rounds with a trained RA serving as subject,
and (c) independent filming of one full practice session, viewed by trained study staff and
examined for quality control. Only once all the three steps had been successfully completed
were RAS cleared to run participants. There was also regular review of videotaped sessions
by study staff to ensure adherence to the protocol.

Clinical ratings.—Diagnoses were based on a Structured Clinical Interview for the DSM-
IV-TR (First, Spitzer, Gibbon, & Williams, 1995). Discussion of diagnostic consensus
occurred in groups of masters-level interviewers on a weekly basis. All participants were in
good general health, had no neurological disorders or substance dependence within the last 6
months, and had a negative urine toxicology test at each visit. SZ participants were on a
stable dose of psychiatric medications for at least one month and throughout the study. HCs
were excluded for any self-reported personal or family history of psychosis or bipolar
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disorder. Clinical symptoms were assessed at a separate session in the week prior to the first
testing session using the Positive and Negative Syndrome Scale (PANSS; (Kay, Fiszbein, &
Opler, 1987). We included factor analytically derived positive and negative symptom scores
in the analyses (Marder, Davis, & Chouinard, 1997). The SZ group, as a whole, was
clinically stable: roughly 62% were functioning at a level better than “mildly ill” (based on
links between the Clinical Global Impression and PANSS total score; see Leucht et al.,
2005); the remaining 38% of participants were considered “mildly ill.”

Self-report measures of attachment and empathy.—Participants completed the
following individual difference measures designed to assess social affiliation: (a) the
Empathy Quotient (EQ; Baron-Cohen & Wheelwright, 2004; Lawrence, Shaw, Baker,
Baron-Cohen, & David, 2004) and (b) the Experience of Close Relationships scale (ECR;
Brennan, Clark, & Shaver, 1998). The EQ is a 60-item questionnaire designed to measure
empathy. Participants select how strongly they agree or disagree with a list of statements
(e.g., “I really enjoy caring for other people;” “It doesn’t bother me too much if I am late
meeting a friend”). People with autism spectrum disorders (Baron-Cohen & Wheelwright,
2004) and those with SZ (Bora, Gokgen, & Veznedaroglu, 2008) have been shown to score
significantly lower than HCs on this measure. The ECR assesses attachment anxiety (i.e.,
sensitivity to rejection and/or abandonment) and avoidance (i.e., discomfort with, and
avoidance of, interpersonal closeness). Participants are asked to report how much they agree
or disagree with each item on a seven-point scale. Questions cover relationships with family
members, romantic partners, and close friends. Attachment anxiety as measured by the ECR
has been found to moderate the effect of oxytocin on recollections of maternal care (e.g.,
Bartz et al., 2010). Both the EQ and ECR were included in the current study as individual
difference variables that might explain variance in social motivation on the SVT.

Social and nonsocial cognition.—Social cognition was measured using The Awareness
of Social Inference Test (TASIT; McDonald, 2002). We included the Lie and Sarcasm
subscales as tests of mentalizing in the current study, given the potential associations with
social motivation. Participants view short video clips of human social interaction and are
asked to identify the presence of lying or sarcasm through a series of follow up questions.
The primary outcome is the proportion of correct responses across the trials. Because the
TASIT was implemented partway through the current study, data are available and presented
on 31 HC and 28 SZ participants. Working memory was assessed using the letter-number
sequencing task (Wechsler, 1997).

The SVT was completed twice in the context of a randomized, double-blind, placebo-
controlled cross-over study design, with the two testing days separated by at least one week
(median number of days between sessions = 11). Participants were presented with 56 trials
of the SVT on each testing day. For each session, they were presented with four separate 5-
min blocks (two of which are presented back-to-back), each with one set of trials of social
and points-only conditions, for a total of 20 min spent on the task each testing day (see
Figure 1). Order presentation for the social/points-only blocks was randomly selected and
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counterbalanced. All participants were presented with eight short/six long (trial length), and
eight low/six high (reward rate) trials in each block.

At the beginning of each testing day, 40 1U of oxytocin (Syntocin, Novartis, Switzerland) or
saline placebo was self-administered via nasal spray. Insufflations were alternated every 15 s
between each nostril over 5 min (Feifel et al., 2010). Intranasally administered oxytocin
travels to the brain through the olfactory and trigeminal nerves, with passive diffusion into
the cerebrospinal fluid through the nasal epithelium (Meening & Olivier, 2013). Previous
work suggests that oxytocin delivered intranasally begins to have physiological effects
within 30 min and lasts for at least 90 min (Norman et al., 2011). As such, we initiated
behavioral testing 30 min postadministration and completed within 120 min in the current
study.

We chose a dosage of 40 IU of oxytocin as we have used this dosage in previous published
studies and found to be safe and well-tolerated (J. D. Woolley et al., 2014, 2017; Josh D.
Woolley et al., 2016). Most published studies of intranasally administered oxytocin in
humans involve doses between 20 and 40 IU (Mac-Donald et al., 2011). Importantly, a
review of 38 oxytocin administration trials concluded that doses between 18 and 40 IU are
undetectable by participants and produce no consistent side effects or adverse outcomes in
controlled research settings (Mac-Donald et al., 2011).

Data Analyses

Because the SVT measures outcomes repeatedly within participants (i.e., 56 trials across
eight blocks), we used generalized estimating equations (GEES) to accommodate for
correlations among the observations originating from the same participant. Normal
distribution GEEs were used to model continuous responding of the outcome variable (key
presses). Unstructured correlation matrices were chosen based on no a priori theoretical
assumptions about specific temporal dependencies among observations. For outcomes, vigor
was defined as average key presses per second during task completion. Significant
interactions were followed up with pairwise comparisons using Sidak correction. Outcomes
are presented as parameter estimates and differences in beta values for pairwise
comparisons. We included group (SZ, control) as a between-subjects factor. Reward type
(social, points-only), reward rate (low, high), and trial length (30 s, 60 s) were included as
within-subjects factors. To account for order and practice/fatigue effects, we included trial
number and Session Day (1 or 2) as covariates in all models.

To explore the fundamental question of whether people with SZ were less willing than HCs
to exert effort in the context of social encouragement, we first conducted analyses focused
on the placebo day only. Then, to determine whether OT increased effort exertion in the
context of social encouragement across groups, we examined task performance during
placebo and OT, including drug (oxytocin vs. placebo) as an additional within-subjects
factor in the model. We included tests of interactions in our models to further explore group-
and condition-level findings.

Demographic variables (i.e., age, gender, race and ethnicity), self-report forms, symptom
measures, and social and nonsocial cognitive scores were examined as correlates of changes
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in vigor using correlation and regression, separately by group. As done in Bartz et al. (Bartz
et al., 2010), we group-mean centered the ECR Attachment Anxiety and Avoidance scales
and examined their associations (including their interaction) with difference in vigor on the
SVT between OT and placebo days, and between social and points-only trials. Demographic
variables and scores on the EQ, TASIT, and letter-number sequencing were also examined as
correlates of change in vigor between OT and placebo days, and between social and points-
only trials. Any significant associations among these measures and change in vigor on the
SVT were explored as covariates in GEE models.

We conducted sets of sensitivity and exploratory analyses. As a sensitivity analysis, we
examined potential gender differences in task performance, including gender of the RA as a
potential moderator of outcomes. We also examined the association between specific
negative symptoms (passive/apathetic social withdrawal and active social avoidance from the
PANSS) and task performance in the SZ group as an exploratory analysis.

Groups did not differ in age, gender, race, or ethnicity. As consistent with other studies of
community-dwelling participants, the SZ group had lower personal education than the HC
group. Among the self-report measures, the SZ group reported significantly lower empathy
on the EQ, but no significant differences on the ECR (see Table 1).

Associations Between Vigor and Demographic Variables, Empathy, Attachment, and Social
and Nonsocial Cognition

Participant age, education, ethnicity, and race were unrelated to either the difference in vigor
between social and points-only trials (ss range = —0.17 — 0.18, ps => 0.05) or to change in
vigor from placebo to OT day (ss range = 0.05 — 0.07, ps => 0.05) on the SVT. Participant
gender was significantly positively associated with change in vigor from placebo to OT day,
but only in the SZ group, r =.44, p <001. Gender was thus included as a covariate in the
GEE model examining drug effects. Self-reported empathy (EQ) and attachment (ECR)
were unrelated to changes in vigor. In addition, neither the TASIT subscales nor the letter-
number sequencing tasks were associated with changes in vigor.

Group Differences in Vigor

Results from GEE analyses on placebo day are displayed in Table 2. Groups did not differ in
overall vigor (p=.179): On average, HC participants pressed the keys approximately 112
times, and SZ approximately 111 times, per 30-s trial (average for 60-s trials: HC = 229, SZ
= 222). There was a significant main effect of reward type (social vs. points-only). Across
groups, participants displayed higher vigor during social encouragement than during points-
only trials (p < .001). There were no main effects of reward rate or trial length. Across
groups and reward conditions, vigor was equal during low and high rate trials and long and
short trials.

To explore whether group performance on the SVT varied by reward type, trial length, or
reward rate, we included the interaction terms in the model. Although there was a significant
Group x Reward Type interaction, planned pairwise comparisons revealed that both SZ (6=
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-0.052, p<.05) and HC (b= -0.067, p <.05) participants displayed more vigor during social
trials than during points-only trials. There were no interactions between Group and Trial
Length and Reward Rate. A significant three-way interaction among Group, Reward Type,
and Reward Rate suggested that social encouragement significantly increased vigor during
low rate trials only in the HC group (6= -0.159, p <.05; see Figure 2a); in the SZ group,
social encouragement significantly increased vigor during high rate trials only (6 =0.059, p
<.05) (see Figure 2c). An additional significant 3-way interaction among group, reward type,
and trial length suggested social encouragement significantly increased vigor during short
(30 s) trials only in the HC group (6 =-0.143, p <.05; see Figure 2b); in the SZ group, social
encouragement significantly increased vigor during long (60 s) trials only (6 =0.079, p <.05;
see Figure 2d).

Effects of Oxytocin on Vigor

We then tested a GEE model with drug (oxytocin vs. placebo) included as an additional
within-subjects factor. This analysis revealed no main effect of drug (6 =0.018, p <.721),
nor was there a Group x Drug interaction (6 =0.063, p <.330). Drug also did not interact
with reward rate (6 =—0.004, p <969) or trial length (6 =0.046, p <590). There was a
significant Drug x Reward Type interaction (b =-0.077, p <005). A visual inspection of
marginal means suggested a difference in vigor between social and points-only trials that
was present during placebo (Ms =3.65 for social trials vs. 3.57 for points-only trials), but
not during oxytocin (Ms =3.64 for social trials vs. 3.62 for points-only trials); however,
none of the post hoc pairwise comparisons were significant (os =0.115-0.127).

Sensitivity Analysis

Because of the potential for gender differences in both response to, and delivery of, social
encouragement, as well as in the effects of oxytocin, we ran two sets of sensitivity analyses
using the parallel GEE models above, but with only male participants and female research
assistants delivering encouragement (ns: HC = 29, SZ = 26). The placebo day analysis
revealed that both the main effect of Reward Type (6 =-0.066, p <.05) and the Group %
Reward Type interaction (6 =0.115, p0.05) remained significant. The Group x Reward
Type x Reward Rate interaction was similar in magnitude to the primary analysis but did not
reach significance (& =0.100, p <.06), likely due to reduced power. The Group x Reward
Type x Reward Length remained significant (6 =-0.23, p <.05). The analysis including
oxytocin also resulted in no main effect of drug, nor were there any drug interactions.

Associations Between Vigor and Symptom Ratings, Medication, and Working Memory in

SZ

Neither chlorpromazine medication equivalent levels, nor presence of typical versus atypical
antipsychotics, were related to changes in vigor. Changes in vigor were also unrelated to
working memory or PANSS negative symptoms across all trial conditions (’s range = —0.25
to 0.29). There was, however, a significant negative association between PANSS positive
symptoms and the social encouragement-points-only difference on vigor during placebo day
(r=-0.33, p<0.05). That is, higher positive symptoms were associated with a diminished
impact of social encouragement on vigor during the placebo day. Given this finding, we
included PANSS positive symptoms in the GEE models in two ways (based on previous
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studies examining the association between symptoms and effort-based decision making; see
Horan et al., 2015): one as a dimensional covariate, and another as a factor based on a
median split. In these models, PANSS positive symptoms were not significant predictors of
vigor on the SVT.

Exploratory Analyses: Links Between Vigor and Specific Symptoms

To examine more specific associations between symptoms and task outcomes in the SZ
group, we conducted exploratory analyses with data from the placebo only testing session.
Given the lack of specificity in negative symptom assessment of the PANSS, we included
two specific symptoms that tap into social/motivational processes: passive/apathetic social
withdrawal and active social avoidance. In these analyses, higher passive/apathetic social
withdrawal was associated with significantly less overall vigor on the SVT (6 =-0.35, p
<.001), whereas active social avoidance was not significantly related to vigor (6 =-0.09, p
=.14). These exploratory results suggest that diminished approach motivation influenced
performance on the SVT among people with SZ.

Discussion

Our primary goal in the current study was to develop a test of social motivation focused on
objectively measured individual differences in effort exertion (i.e., vigor) in a social context.
We also sought to examine potential differences in vigor between people with SZ and HCs.
Finally, we explored the potential moderating role of exogenous oxytocin on vigor in these
groups.

Groups did not differ in overall vigor. Although a burgeoning literature suggests
abnormalities in effort-based decision making in the context of monetary reward in people
with SZ (Barch et al., 2014; Gold et al., 2015; Horan et al., 2015), it may be that
continuously reinforced effortful behavior, such as that assessed in the SVT using both
points and social encouragement, is spared in SZ. There were also no group differences in
the impact of social encouragement on vigor—both groups increased their vigor in the social
context. The latter finding suggests that the SVT was successful in manipulating effort in a
social context, and may serve as a useful objective measure of social motivation.
Importantly, this also suggests that people with SZ may not show impairment in at least one
aspect of social motivation—effort in the context of encouragement—a finding that may
help improve our understanding of contributors to asociality and social functioning
impairments in the disorder.

A secondary hypothesis was that people with SZ would exert less effort than HCs during
trials that were longer and associated with a lower reward rate, given these trials were
ostensibly more costly (i.e., providing less reinforcement and requiring longer continuous
effort exertion). Groups did not differ in vigor by reward rate or trial length, suggesting that
there was no general tendency to exert less effort when task demands varied. It is possible
that the social context attenuated potential costs of effort exertion in these trials, even when
there was no active social encouragement. That is, the fact that the RA was present during
task completion, even when not delivering encouragement, could have minimized the effect
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of task demands on vigor. It is also possible that our manipulations of task demands were not
robust enough to elicit higher perceived costs.

There were, however, group differences in vigor based on reward rate and trial length as a
function of social encouragement. That is, the impact of social encouragement on increased
vigor was specific to low reward rate trials in HCs; conversely, the impact of social
encouragement on increased vigor was specific to high reward rate trials in participants with
SZ. In addition, the impact of social encouragement on increased vigor was specific to short
trials in HCs, and to long trials in participants with SZ. It is important to note that while
these interactions were significant, the effects were in the same direction in both groups, and
the group differences were small. As such, it would be important to replicate these findings
in future studies.

If findings are replicated, there are potential clinical implications. The fact that people with
SZ increased vigor in the social context to the same extent as HCs suggests that augmenting
monetary or “earning-based” reward with social encouragement may be particularly
effective in increasing effortful behavior in interventions designed to improve motivation
deficits in SZ. It may also be the case that social encouragement is particularly effective for
people with SZ when less sustained effort is required (or when performance-based rewards
are constant and bountiful). Direct, high intensity social reinforcement may serve to
influence choices to exert effort during task-based learning, such as in cognitive remediation
for SZ (Medalia & Saperstein, 2011; Silverstein, 2010). Incorporating continuous and
sufficient social encouragement as delivered in the current study in such interventions could
increase effort exertion and associated benefit of practice/rehearsal.

An additional hypothesis was that oxytocin would increase social motivation in both groups
given its purported role in modulating expression of mesolimbic dopamine (Love, 2014). We
hypothesized, more specifically, that this effect would be particularly strong in the SZ group,
given previous findings linking oxytocin administration with reductions in negative
symptoms and improved social cognition (Feifel et al., 2010; J. D. Woolley et al., 2014). We
found no main effect of drug on vigor in either group, suggesting oxytocin did not influence
overall vigor. Although there was a significant interaction between drug and reward type
(social vs. points-only), a lack of any significant post hoc pairwise comparisons precludes
interpretation of the potential effect of oxytocin on vigor in the context of social
encouragement. It is possible that the potential impact of oxytocin on vigor is subtle and
would emerge if tested in a larger sample.

Examination of potential confounds and correlates of vigor indicated that perceived social
affiliation, as measured by self-reported empathy and attachment, was unrelated to vigor in
the social context. Items covered in these scales, which assess more general affiliative
tendencies and experiences in current relationships, may not be reflective of effort-based
social motivation. Interestingly, participant gender was significantly positively associated
with the difference in vigor between oxytocin and placebo days in the SZ group. That is,
oxytocin increased vigor, but only in females with SZ. Previous literature suggests sexual
dimorphism in both levels of endogenous oxytocin and in the effects of exogenous oxytocin
administration on behavior (Kramer, Cushing, Carter, Wu, & Ottinger, 2004; Toufexis,
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Davis, Hammond, & Davis, 2005). Given we had fewer females than males in the SZ group,
it is possible that we may have seen group differences in drug effects with more female
participants. Nonetheless, GEE models revealed no significant main effect of drug, nor an
interaction between drug and reward type; as such, it is impossible to interpret a potential
gender difference in the effect of oxytocin on social motivation. Future research with larger
samples of female participants could help elucidate the potential for this association.

Although overall levels of positive and negative symptoms in the SZ group were unrelated to
vigor, an exploratory analysis revealed that passive/apathetic social withdrawal was
associated with significantly less vigor across task conditions. Examination of this PANSS
item reveals that it covers not only social withdrawal, but also general levels of approach
motivation (i.e., the extent to which withdrawal results in neglect of activities of daily
living). That passive/apathetic social withdrawal was associated with less vigor suggests
diminished approach motivation (e.g., lack of initiative) in SZ may limit drive to engage in
effortful behavior. The lack of association between vigor on the SVT and overall positive
and negative symptoms is not particularly surprising, given the low levels of positive
symptoms in our sample, as well as the fact that the PANSS does not adequately cover the
experiential domain of negative symptoms. Although one might expect an association
between active social avoidance and vigor, a possible explanation is the restricted range on
that item—the mean score was 1.90, with only two participants scoring above a 3 (mila); the
mean score for passive/apathetic social withdrawal, on the other hand, was 2.69, with 10
participants scoring a 4 (moderate) or 5 (moderately severe). Another interpretation is that,
unlike diminished approach motivation, heightened avoidance motivation may not interfere
with effortful behavior.

Limitations of the current study should be mentioned. Although a strength of the SVT is its
potentially higher ecological validity than other computer-based tasks of effort-based
decision making and exertion, with this higher ecological validity comes less control over
standardization of stimulus delivery. Research staff were thoroughly trained on
administering the task, and they followed a standard script of reinforcing statements
delivered at specified times. Nonetheless, the delivery of encouragement could have been
subtly influenced by unobserved interaction dynamics between the participant and the
experimenter. Although the sensitivity analysis including only female RAs and male
participants showed generally the same primary findings, we were underpowered to detect
potential influences of gender match (i.e., male RAs with male participants, female RAs
with female participants) given the majority of pairs consisted of a female RA and male
participant. Another limitation is that we did not include comprehensive measures of
negative symptoms (as in, e.g., the Clinical Assessment Interview for Negative Symptoms
[CAINS; Kring, Gur, Blanchard, Horan, & Reise, 2013) or psychosocial functioning in the
current study.

One explanation for the finding of more vigor during social encouragement trials is that
demand characteristics were at play. Demand characteristics are defined as the extent to
which knowledge of the experimenters’ hypothesis leads a participant to perform in a
manner designed to confirm the hypothesis (Orne, 2009). Although it is possible that
increases in vigor occurred to at least some extent because participants were aware that our
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goal was to manipulate vigor, we do not believe this possibility undermines the validity of
the task as a measure of social motivation. Increased vigor in response to encouragement
could have been due to a number of participant motivations, including a desire to gain
experimenter approval, a fear of negative evaluation, or simply wanting to be a “good”
participant. Yet any of these reasons can be considered socially motivated. In research
directly testing demand characteristics, positive attitudes toward the experiment or
experimenter influence whether a subject exhibits these characteristics, and this effect is
independent of individual differences in socially desirable responding, suggesting it is more
about a desire to affiliate (or avoid censure) than it is about conforming to social norms
(Nichols & Maner, 2008; Silverman, Shulman, & Wiesenthal, 1970). As such, if increased
vigor occurred because of demand characteristics, we still believe this increase was socially
motivated.

We aim to test additional variations of the SVT in future research, and to include a more
refined symptom and functional assessment battery. Inclusion of negative feedback, for
example, could improve our understanding of sensitivity to punishment/rejection in SZ, and
the extent to which within- and between-groups differences in task performance are
associated with varying types of social functioning impairments (e.g., low approach
motivation vs. high avoidance motivation). It would also be informative to include a
condition in which the RA is not present in the testing room, so as to minimize social
influence on participant behavior even when active encouragement is not provided. To
address discrepant findings between the current study and other studies of motivation in SZ,
future research should directly compare effort-based decision making in the context of
continuous versus delayed reinforcement, as well as the potentially differential impact of
social encouragement on effort between these reinforcement contingencies. In addition,
although average key press rate per second serves as a straightforward indicator of vigor,
modeling within-trial changes in key press rate (i.e., slowing down, speeding up in relation
to encouragement) would provide more information about the temporal associations between
encouragement and effort. Inclusion of a comprehensive assessment of negative symptoms,
such as the CAINS, could help identify more robust symptom-based correlates of task
performance variability that may have not been captured by the PANSS. In regard to
ecological validity, the social manipulation could have been more realistic by incorporating
reinforcement based on successful completion of a task or activity one would more readily
encounter in their daily life (e.g., positive feedback delivered following successful
completion of an activity of daily living). Finally, data on psychosocial functioning may
have also improved our understanding of the impact of task performance on real-world
outcomes. In particular, the use of Ecological Momentary Assessment could provide a more
sensitive index of daily psychosocial functioning outcomes (e.g., presence and enjoyment of
social interactions, participation in occupations).

In sum, in the current study we developed an objective measure of social motivation,
including an ecologically meaningful manipulation of social encouragement that influenced
vigor in both participants with SZ and HCs. Participants with SZ did not show an overall
deficit in effortful behavior, nor did they differ from HCs in their response to social
encouragement. Group differences in the relative associations of reward rate and trial length
on social motivation suggest directions for future research. As we continue to improve our
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understanding of the multifaceted nature of motivational deficits in SZ, work from the
current study suggests certain domains of motivation (e.g., effort in the context of social
encouragement) may be spared. Future studies should evaluate the impact of similar types of
social encouragement on daily occupational goals, or in the context of interventions such as
social skills training, cognitive remediation, or social cognition and interaction training.
Such studies might help elucidate the influence of social motivation on task efforts with
more direct implications for treatment and social and occupational functioning outcomes.
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Figurel.
Study timeline. The Social Vigor Task included a total of 56 trials on each testing day. See

the online article for the color version of this figure.
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Figure 2.
The impact of social encouragement on vigor as a function of reward rate (low vs. high) and

trial length (30 s vs. 60 s).
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Generalized Estimating Equations—Placebo Day

Variable b SE p
Trial number -.006 .002 .001
Testing day -.096 .154 .534
Group (HC, S2) -228 169 179
Reward type (points-only, social) -.086 .022 <.001
Reward rate (low, high) -.057 .030 .062
Trial length (short, long) -.024 .021 .258
Group x Reward Type 187 .053 <.001
Group x Reward Rate 108  .098 .269
Group x Trial Length -.002 .051 .969
Group x Reward Type x Trial Length  -.152 .054 .005
Group x Reward Type x Reward Rate -.185 .051 <.001

Note. HC = healthy control; SZ = schizophrenia.
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