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Abstract

Evidence suggests that individuals with schizophrenia (SZ) report anticipatory pleasure defi-
cits compared to controls and that these deficits are linked to decreased motivation to
engage socially. However, these deficits have been identified via self-report measures of
hypothetical pleasant stimuli, leaving it unclear whether they exist in reference to actual
social situations. To address this issue, we created a live social interaction that minimized
the reliance of higher-order cognitive processes. SZ and control participants were told that
they would be playing an "enjoyable sharing game" with another study participant (who was
actually a confederate) that involved asking and answering questions (36 interpersonal
closeness generation questions; Aron et al., 1997). Participants then reported their current
mood and the emotions they anticipated experiencing during the pleasant social interaction.
Immediately following the interaction, they reported their experienced emotions. We found
that the SZ group anticipated more negative emotion (d= 1.0), but were less accurate in
forecasting negative emotion (d=.81), than controls, and these effects were large. There
were small, non-significant group differences in anticipation, experience, and accuracy in
forecasting of positive emotion (all ds < .29). Also, social anhedonia was positively corre-
lated with anticipated negative affect and negatively associated with experienced positive
emotion. At the same time, controls reported finding the interaction to be a more positive
emotional experience overall, d=0.75. This is the first study to show that "anticipatory plea-
sure deficits" in SZ might actually be heightened anticipated negative emotion and that inac-
curate forecasting could be linked to decreased social motivation.

Introduction

Schizophrenia is associated with impairments in emotion [1-3]. For example, many people
with schizophrenia have elevated anhedonia [4]. Social anhedonia refers to reports of
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diminished experience of positive emotion in response to social stimuli [4,5]. Social anhedonia
predicts future onset of the disorder [6,7], and in people with the disorder, it is associated with
decreased social motivation and is currently not well treated [8]. Hence, understanding the
nature of emotion processing deficits related to anhedonia in schizophrenia could potentially
help prevent the disorder as well as treat functional disability in people with the disorder.
However, the nature of emotion processing mechanisms in anhedonia are still unclear [9],
including differences related to affective forecasting, or the ability to forecast one’s feelings
regarding a future event [10]. Given the impact of affective forecasting on motivation to
engage in goal-directed behavior [11,12], the current study examined the relationship between
predicted and experienced emotion in schizophrenia in response to a live social interaction
that has been shown to create feelings of closeness and intimacy between strangers [13].

In the schizophrenia literature, affective forecasting is almost exclusively considered in
terms of anticipatory pleasure, defined as the “experience of pleasure related to future activi-
ties” ([14], p. 254), and are often contrasted with reports of consummatory pleasure, or plea-
sure experienced “in-the-moment.” Findings have been mixed in schizophrenia with some
reporting reductions in anticipatory, but not consummatory, pleasure [14], others reporting
reductions of consummatory, but not anticipatory, pleasure [15], and still others report deficits
in both [16]. One possible explanation for these mixed findings is the reliance of self-report
measures that involve queries about hypothetical events. That is, because of the associated cog-
nitive deficits in schizophrenia (e.g., abstract thinking, memory) [17], some individuals may
have more of a difficulty predicting how they might feel regarding an imaginary event than
others. Thus, utilizing a live social situation in the laboratory minimizes the reliance on lon-
ger-term memory processes and abstract thinking, because emotional assessments can be
taken immediately before and after the experimentally-controlled social event.

Similar to positive emotion, there is evidence that there are differences in negative emotion
between individuals with and without schizophrenia, and these differences are related to anhe-
donia [9,18]. In a meta-analysis, Cohen and Minor [1] reported that group differences in
mean negative ratings in response to positive stimuli were large in magnitude (Hedges D =
.72). At the same time, clinician-rated anhedonia is associated with increased state and trait
negative emotion [19,20]. In addition, using a data-driven approach, Strauss and Herbener
[20] identified a specific cluster of individuals with schizophrenia who found negative stimuli
more unpleasant, but didn’t differ in responses to positive stimuli, compared to controls, and
this cluster was characterized by significantly higher levels of anhedonia. However, in contrast
to the literature on forecasts of positive emotion, there is a dearth of investigations on forecast-
ing of negative affect in schizophrenia. A single daily diary study that collected forecasts of
negative emotion found that individuals with schizophrenia predicted more negative emotion
than they reported experiencing over the course of a week [21]. Although interesting, no asso-
ciations with anhedonia or comparisons with a control group were reported, making it unclear
to what extent anhedonia is associated with forecasts of negative emotion, or whether accuracy
in predictions of negative emotion differs between groups. Given that predictions of future
negative and positive emotion influence motivation [11], the current study examined forecasts
of both as well as the accuracy of these predictions.

The current study was the first to create a live social interaction for individuals with schizo-
phrenia that was designed to be pleasant and create feelings of closeness and intimacy between
members of the dyad meeting for the first time. We used the Interpersonal Closeness Genera-
tion task [13], which has been touted by the New York Times as “36 questions that lead to
love” [22]. If the schizophrenia group has anticipatory pleasure deficits, we would expect them
to report anticipating less positive emotion than control participants. If they have consumma-
tory pleasure deficits, we would expect them to report experiencing less positive emotion than
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control participants. If anhedonia is related to affective forecasting, we would expect there to
be significant relationships between self-reported anhedonia and predicted positive/negative
emotion. At the same time, if anhedonia is related to the experience of in-the-moment emo-
tion, we would expect there to be significant relationships between anhedonia and experienced
emotion. Last, if schizophrenia is associated with less accurate predictions of emotion, we
expect there to be group differences in accuracy.

Materials and methods
Participants

The schizophrenia (SZ) group was comprised of 16 stable outpatients (i.e., no major changes
in psychiatric medication in the last 3 months, no hospitalizations for psychiatric reasons for
the last 6 months) recruited through the Veterans Affairs Hospital (n = 12) or community
advertisements or Craigslist (n = 4). All had a Diagnostic and Statistical Manual of Mental Dis-
orders (5™ ed.) diagnosis of schizophrenia (n = 8) or schizoaffective disorder (n = 8) based on
the Structured Clinical Interview for DSM-5 (SCID-5) [23]. Control participants were 30 indi-
viduals recruited through community advertisements and Craigslist. General exclusionary cri-
teria included diagnosis of a substance abuse disorder within the past 6 months, diagnosis of
mental retardation, non-fluent English speakers, or a history of any neurologic event or disease
(e.g., loss of consciousness for more than 10 minutes, stroke). In addition, control participants
did not have any psychiatric diagnoses based on the SCID-5, and they denied having a first-
degree relative with a psychotic disorder. Table 1 contains demographic and clinical informa-
tion. The groups did not differ in age, sex, or race/ethnicity, all ps > .1.

Materials

Social interaction task. The social interaction task was based on the Interpersonal Close-
ness Generation task (ICG) [13]. The ICG was first used in college undergraduate students to
study self-disclosure and relationship building among randomly paired strangers. At the start
of the task, participants were told they were going to participate in an "enjoyable sharing
game" with another study participant who was going through the same study procedures as
the participant when, in fact, the other study participant was one of two study confederates
(for the full cover story provided to participant, see the Appendix in S1 File). No additional
information was given to the participant (e.g., whether or not clinical status information was
shared with the confederate), and no participant queried the experimenter for details about
the confederate in the moments before the confederate was brought into the room. Hence, it
was implied that the experimenter working with the participant had yet to meet the confeder-
ate because the confederate was undergoing the same research procedures with another exper-
imenter. The confederates were both women with light skin, dark eyes, dark hair, and similar
build. One was 31 years old and the other was 36 years old (mean age = 33.5 years). They did
not significantly differ in age from either the schizophrenia group, #(16) = 1.63, p = .12, or con-
trol group, #(30) = 0.95, p = .35. They were blind to participant group status.

With chairs positioned approximately 2’ apart, the participant and confederate sat directly
across from each other with nothing in between them (e.g., no table). Each member of the
dyad asked and answered three sets of 10 questions designed to elicit feelings of closeness (e.g.,
"How is your relationship with your mother?"; "Do you have a hunch about how you might
die?"). Specifically, as the series of questions progressed through the task, the content elicited
via answers to the questions was supposed to be increasingly more intimate and personal. Par-
ticipants were told to go through the questions in order and to take turns reading them aloud.
They were also instructed to both answer each question before moving onto the next question.
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Table 1. Means (SD) of demographic and clinical measures by group.

Age (years)
Sex (% female)
Race/ethnicity (%)

Caucasian, non-
Hispanic

African-American/
Black

Hispanic
Mixed race/other

Brief Social Anhedonia
Scale

SANS Global Ratings
Affective Flattening
Avolition/Apathy
Anhedonia-Asociality
Attention

SAPS Global Ratings
Hallucinations
Delusions
Bizarre Behavior

Positive Formal
Thought Disorder

CPZ equivalence

Schizophrenia Group

(n=16)

49.31 (13.33)

43.75%

43.75%
37.5%

12.5%
6.25%
6.06 (3.62)

0.94 (1.30)
0.13 (0.48)
1.31 (1.57)
0.88 (0.99)

1.38 (1.87)
2.19 (1.70)
0.13 (0.48)

(
(
(
0.63 (1.11)

Control Group Statistics

(n=30)
42.30 (12.95) 1(44) =1.73,p=.1,d = .52, 95% CI [-.49, 1.51]
60% Fisher’s Exact Test, p = .13
Fisher’s Exact Test, p = .1
46.67%

6.67%

20.0%
26.67%

2.0 (2.13) t(42) = 4.70, p < .001, d = 1.45, 95% CI [.32, 2.55]

548.62 (334.36)

Note. Do to a computer error, anhedonia measures were not collected for two individuals in the Control group.

https://doi.org/10.1371/journal.pone.0212069.t001

In addition, they were told it was not important to finish all of the questions in each set but
rather they should take their time with each question, answering it thoroughly and thought-
tully. Last, participants were told the experimenter would tell them when it was time to move
onto the next set of questions. To create as similar a social situation as possible for each partici-
pant, confederates gave the same answer to each question for every participant. The task lasted
approximately 35 minutes. For questions and confederate responses, see the Appendix in S2
File.

Baseline emotion assessment. To assess participants’ mood states before beginning the
Social Interaction task, they were asked to indicate how much they were feeling four positive
(happy, excited, relaxed, calm) and four negative emotions (sad, nervous, upset, fatigued) on a
1-5 scale (1 = Not at all, 5 = Extremely, both Cronbach’s o > .63).

Anticipatory emotion assessment. To assess how participants anticipated they would feel
during the Social Interaction task, they were asked to indicate how much they thought they
would feel the same eight emotions that were assessed at baseline immediately before the task
began (both Cronbach’s o. > .66). Due to a computer error, this assessment was not available
for one control participant.

Experienced emotion assessment. Immediately following the Social Interaction task, par-
ticipants were asked to indicate how they felt during the task using the same emotions items
included in the baseline and anticipatory emotion assessments (both Cronbach’s o > .74).
Due to a computer error, this assessment was not available for one control participant.
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Interaction evaluation. Finally, participants completed an interaction evaluation [24].
This evaluation was comprised of 12 items from four subscales (all Cronbach’s o > .63): Emo-
tional experience (e.g., How much did you enjoy the sharing game?), Engagement (How much
do you feel you influenced the interaction?), Quality (e.g., How much did you consider the
interaction to be smooth and natural?), and Disclosure (e.g., How much did you feel you dis-
closed to your game partner?). Participants were asked to indicate the extent to which they
agreed with each item on a 1-8 scale (1 = Not at all, 8 = Very much).

Anhedonia measure. Participants completed the brief, 15-item version [25] of the Revised
Social Anhedonia Scale (Cronbach’s o in the current study = .83) [26], which is designed to
measure lack of relationships and lack of pleasure from relationships (e.g., “Having close
friends is not as important as many people say”). It uses a true-false response format. Previous
research has shown that the brief version of the Revised Social Anhedonia Scale has superior
psychometric properties, particularly when used with an ethnically-diverse sample [27], as in
the current study.

Clinician rated symptoms. All participants’ clinical symptoms were rated using the Scale
for the Assessment of Negative Symptoms (SANS) [28] and Scale for the Assessment of Posi-
tive Symptoms (SAPS) [29]. These ratings were all completed by a PhD-level clinical psycholo-
gist (EAM), who has over 15 years of research and clinical experience working with this
population. Based on the work of Strauss and colleagues [30] and Kotov and colleagues [31],
we included negative symptom ratings captured with the Diminished Expression/Inexpressiv-
ity factor (sum score of select items from the Affective Flattening and Alogia SANS subscales)
and the Avolition-Apathy factor (sum score of select items from the Avolition and Anhedo-
nia-Asociality SANS subscales). Also, based on Kotov and colleagues [31], we included positive
symptom ratings captured using the Reality Distortion factor (sum score of select items from
the Hallucinations and Delusions SAPS subscales) and the Disorganization factor (sum score
of select items from the Formal Thought Disorder and Bizarre Behavior SAPS subscales).

Procedure

This study, which was approved by the Institutional Review Boards at both the University of
California, Irvine (#2016-2945) and the Long Beach Veteran Affairs Hospital (#1436), was car-
ried out in accordance with the latest version of the Declaration of Helsinki. All participants
provided written informed consent to demonstrate capacity to consent.

After the clinical interview, all participants were fitted with an EEG cap. Participant, but
not confederate, EEG data were collected. Those data are not reported in this manuscript.

Participants then completed the baseline emotion assessment. Next, the social interaction
task was explained by an experimenter, and then participants completed the anticipatory emo-
tion assessment. Then, the confederate, who was also wearing an EEG cap, was brought into
the experiment room and connected to the amplifier. This was done to increase the believabil-
ity of the cover story. Next, the participant and confederate completed the social interaction
task. After, the confederate was escorted from the room, and the participant completed the
experienced emotion assessment and interaction evaluation. Then, after a built-in break last-
ing approximately 30 minutes, the participant completed the interaction evaluation and the
anhedonia questionnaire.

Statistical plan

All statistical analyses were conducted using R [32]. Specific packages used to run HLM mod-
els in R included Ime4 [33] and ImerTest [34]. To test whether there were group differences in
emotion ratings as a function of time, we ran a mixed model of Group (Control, SZ) X

PLOS ONE | https://doi.org/10.1371/journal.pone.0212069 February 27, 2019 5/13


https://doi.org/10.1371/journal.pone.0212069

®PLOS | one

Emotions and schizophrenia

Emotion (Positive, Negative) X Time (Baseline, Anticipated, Experienced). The model
included random intercepts of subject. Significant interactions were followed-up with ¢-tests
to aid in interpretation. To assess accuracy in affective forecasting, participants’ anticipated
positive and negative emotion score were subtracted from their experienced positive and nega-
tive emotion scores, and f-test were conducted. Last, we tested for the relationships between
self-reported social anhedonia and clinician-rated Anhedonia-Asociality with predicted and
experienced emotional assessment scores and interaction evaluation scores.

Results

More anticipated and less accurate forecasting of negative emotion for the
SZ group

We removed the non-significant 3-way interaction of Group, Emotion, and Time from the
model (F(2,226.85) = 0.23, p = .79), and reran the model. We found a significant Emotion X
Time interaction, F(2, 227.1) = 9.57, p < .001, and a significant Emotion X Group interaction,
F(1,226.85) = 10.45, p = .001. As can be seen in Table 2 and Fig 1, although the groups did not
differ in baseline levels of emotion or experienced emotion, the SZ group anticipated signifi-
cantly more negative emotion than the Control group, #(43) = 3.29, p =.002, d = 1.0, 95% CI
[-.06, 2.03]. There was no group difference in anticipated positive emotion, #(43) = 0.50, p =
.62,d=.15,95% CI[-.83, 1.13].

In addition, both groups anticipated less positive emotion than they experienced (both
ts > 2.90, both ps < .01) and also experienced an increase in positive emotion from baseline
(both ts > 2.37, both ps < .05). At the same time, the SZ group anticipated more negative emo-
tion than they experienced, #(15) = 3.30, p < .01, and there was a trend for them to experience
a decrease in negative emotion from baseline, #(15) = 1.78, p = .095. There were no within-
group differences for the Control group between baseline, anticipated, and experienced nega-
tive emotion, all ts < 1.1, all ps > .29. Last, we found that the SZ group was less accurate at

Table 2. Means (SD) of questionnaires measures by group.

Baseline emotion
Positive
Negative
Anticipated emotion
Positive
Negative
Experienced emotion
Positive
Negative
Interaction Evaluation
Emotional Experience
Engagement
Disclosure
Quality

Affective Forecasting
Accuracy

Positive

Negative

Schizophrenia Control Statistics
(n=16) (n=30)
3.27 (0.74) 3.49 (0.81) £(44) = 0.93, p = .36, d = .28, 95% CI [-.71, 1.26]
1.73 (0.57) 1.48 (0.60) 1(44) = 1.37, p = .18, d = .41, 95% CI [-.59, 1.39]
3.16 (0.99) 3.30 (0.90) £(43) = 0.50, p = .62, d = .15, 95% CI [-.83, 1.13]
1.94 (0.80) 1.40 (0.29) 1(43) = 3.29, p = .002, d = 1.0, 95% CI [-.06, 2.03]
3.70 (1.13) 3.94 (0.58) £(43) = 0.93, p = .36, d = .28, 95% CI [-.71, 1.26]
1.52 (0.58) 1.33 (0.37) 1(43) = 1.33, p = .19, d = .41, 95% CI [-.59, 1.39]
25.69 (5.30) 28.47 (2.33) t(44) = 2.48, p = .02, d = .75, 95% CI [-.28, 1.76]
18.75 (5.14) 18.47 (3.46) t(44) = 0.22, p = .83, d = .07, 95% CI [-.91, 1.05]
13.88 (2.24) 13.97 (1.75) £(44) = 0.15, p = .88, d = .05, 95% CI [-.93, 1.03]
20.81 (4.02) 20.93 (2.80) £(44) = 0.12, p = 91, d = .04, 95% CI [-.94, 1.02]
0.55 (.75) 0.64 (.54) 1(43) = 0.47, p = .64, d = .14, 95% CI [-.84, 1.12]
-0.42 (.51) -0.05 (.42) (43) = 2.64, p = .01, d = .81, 95% CI [-.23, 1.82]

https://doi.org/10.1371/journal.pone.0212069.t002
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Fig 1. Positive and negative emotion ratings at each time point by group. The significant group difference is denoted with an asterisk.

https://doi.org/10.1371/journal.pone.0212069.9001

forecasting negative emotion than the Control group, d = .81, 95% CI [-.23, 1.82], but there
were no group differences in accuracy of forecasting positive emotion, d = .14, 95% CI [-.84,
1.12]. That is, the groups were equally inaccurate in their forecasts of positive emotion.

Less positive emotional experience for the SZ group

Next, we tested whether the groups differed in their evaluation of the interaction. Although the
groups did not differ in their ratings of the level of disclosure, engagement, or quality of the
interaction (all ps > .82, all ds < .07), the SZ group reported significantly less positive emo-
tional experience, #(44) =2.48, p = .017,d = .75, 95% CI [-.28, 1.76]. This indicates that despite
having similar evaluations regarding their partner’s amount of disclosure and level of engage-
ment, as well as the overall quality of the interaction, the SZ group differed in their subjective

emotional experience.

Relationships between symptoms and measures related to the social
interaction

As can be seen in Table 3, self-reported social anhedonia was positively correlated with antici-
pated negative emotion, r = .49, p = .001, and negatively associated with experienced positive
emotion, r = -.59, p < .001. In addition, there was a negative association between self-reported
social anhedonia and all subscales of the Interaction Evaluation measure, all s < -.30, all ps <
.05.
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Table 3. Pearson Correlations among Emotion Ratings, Interaction Experience Ratings, and Symptom Ratings.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1. Baseline PE -
2. Baseline NE -31% |-
3. Anticipated PE 76 | -.32F -
4. Anticipated NE -.27 52% -.29 -
5. Experienced PE 69 | -.30* 76" | -35% |-
6. Experienced NE -.15 .39+ -.16 59| -32¢ -
7. Eval-Emo Exper 417 -.25 427 -.32% 72+ -.28 -
8. Eval-Engagement .26 -.33" .35" .04 45" -.06 467" -
9. Eval-Disclosure A4 | -42%F | 46" | -20 .59** - 487 | 47 397 | -
10. Eval-Quality 43" -.36" 417 -.16 62" -.35" .64 32" 53" -
11. Social anhedonia -27 48+ -.29 49 | -59** | 35* -69** | -30" | -37% |-35" |-
12. Reality Distortion | -.19 24 -.08 .26 -12 .25 -23 -.003 | -.17 -.24 49"
13. Disorganization .14 12 -.07 -.15 .29 .05 .28 .34* .19 17 -.04 31% -
14. Diminish Express -.13 .04 -.20 23 -.36 13 -42%F -.04 -.02 -.02 46" 21 -.05 -
15. Avolition-Apathy -.18 .14 -.23 40 -46"* 36" 44 .01 -.13 -.16 61 A45%* 12 727
16. CPZ equivalence -.11 25 -.19 .29 .05 .01 -.06 17 -.05 -.03 -.02 .02 27 -22 -.34 -

Note: PE = positive emotion; NE = negative emotion; Eval-Emo Exper = Emotional Experience subscale of the Interaction Evaluation; Eval-Engagement = Engagement
subscale of the Interaction Evaluation; Eval-Disclosure = Disclosure subscale of the Interaction Evaluation; Eval-Quality = Quality subscale of the Interaction
Evaluation; Social Anhedonia = Revised Social Anhedonia Scale; Reality Distortion = psychotic symptom factor; Disorganization = disorganized symptom factor;
Diminish Express = Diminished Expression/Inexpressivity symptom factor; Avolition-Apathy = asociality, avoltion, and anhedonia symptom factor

*p<.05

“p<.01

https://doi.org/10.1371/journal.pone.0212069.t003

Similar to self-reported social anhedonia, the clinician-rated negative symptom factor of
Avolition/Apathy was positively correlated with anticipated negative emotion, r = .40, p < .01,
and was negatively correlated with experienced positive emotion, r = -.46, p < .01. The Avoli-
tion/Apathy factor was also negatively associated with the Emotional Experience subscale of
the Interaction evaluation, r = -.44, p < .01. See S3 File for this study’s data.

Discussion

Using the “36 questions that lead to love” [22] (i.e., Interpersonal Closeness Generation task)
[13] to create a live social interaction, the current study assessed anticipated and experienced
emotion in a SZ and a control group. Overall, results indicated that there were differences in
predictions of future negative emotion and accuracy of these predictions between the groups
and that these predictions were related to levels of self-reported social anhedonia. Self-reported
social anhedonia was also associated with experienced positive emotion. These findings have
implications for how social anhedonia is conceptualized as well as possible treatment targets.

First, although the groups did not differ in baseline levels of emotion, we found evidence
that the SZ group anticipated significantly more negative emotion than controls but were less
accurate in their prediction because they did not report experiencing the same amount of neg-
ative emotion as they thought they would. This is consistent with the findings of a daily diary
study [21] that found people with SZ forecasted that they would experience more negative
emotion over the course of a week than they actually reported experiencing. This is also consis-
tent with self-reports of higher trait negative emotion in SZ than controls [35]. That is, people
with SZ perceive themselves to have higher levels of negative emotion than controls, and
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consistent with this, they forecast that they will experience higher levels than controls in the
future. Of note, given that participants made these predictions prior to meeting the confeder-
ate or having any information about the confederate, it is very unlikely that group differences
in anticipated negative emotion are driven by some demographic characteristic of the confed-
erate. Also, although the size of the effect of the difference between the groups was large in size
(d = 1.0), the mean rating of anticipated negative affect for the schizophrenia group was below
the middle of the scale (1.94 on a 5-point scale) but was still moderately correlated with self-
reported social anhedonia (r = .49). This indicates that even a small increase in raw anticipated
negative affect is related to increases in trait levels of social anhedonia.

One explanation for the increased, anticipated negative emotion reported in schizophrenia
could be the accumulating effect of previous negative life experiences. Individuals with schizo-
phrenia often endure early childhood adversity, stigmatization due to one’s psychological dis-
order, and marginalization due to their lower socio-economic status [36]. It stands to reason
then that individuals with schizophrenia might have “learned” to expect frequent, negative life
events, leading them to anticipate elevations in negative emotion in response to future occur-
rences, particularly in the face of uncertainty [37]. Thus, future research could test for the effect
of uncertainty on emotions in schizophrenia as a possible mechanism of avolition-apathy neg-
ative symptoms.

At the same time, the groups did not differ in anticipation, experience, or accuracy in fore-
casting positive emotion. The finding that the groups were equally inaccurate in their predic-
tion of positive emotion, taken together with evidence of the independence of positive and
negative affect [38-41], suggests that there is not an anticipatory pleasure deficit associated
with impending participation in a social activity described as “enjoyable” for our sample.
Given that our SZ sample was relatively high functioning (e.g., stable outpatients, 44%
employed at least part-time), it is possible that anticipatory pleasure deficits are limited to indi-
viduals who are lower functioning. Similar to the work of Strauss and Herbener [20], future
research could aim to determine if there is a subgroup of individuals with schizophrenia with
differential deficits related to the anticipation of positive emotion. Given that anticipatory plea-
sure deficits are theoretically linked to motivation to engage in future social events, identifying
a group of people with this deficit could be a way to individualize treatment targets, a goal of
NIH’s Precision Medicine Initiative [42], and increase social motivation.

We also found no group difference in experienced positive emotion. This finding is consis-
tent with reviews that report experiences of positive emotion in response to evocative stimuli
to be similar between SZ and control groups [1,3,43]. Thus, consistent with these reviews, we
found that consummatory pleasure in SZ appears intact. At the same time, we found that
decreased experienced positive emotion was associated with self-reported social anhedonia
and clinician-rated Anhedonia-Asociality. This is consistent with previous research that has
reported that Anhedonia-Asociality scores from the SANS were negatively associated with
self-reported emotions in response to pleasant films clips [5]. Overall, this indicates that rather
than being a global deficit associated with SZ group as a whole, pleasure deficits may be spe-
cific to anhedonia.

Despite a lack of differences in predicted or experienced positive emotion or differences in
ratings of the overall quality, level of engagement, or amount of disclosure, controls reported
finding the interaction to be a more positive emotional experience overall. This effect was
medium-to-large in size (d = 0.75, 95% CI [-.28, 1.76]) and was correlated with self-reported
social anhedonia. This suggests that other factors may be driving the group difference in over-
all emotional experience, and one possible factor is low-pleasure beliefs. Low-pleasure beliefs
have been associated with anhedonia [44], and it has been argued that disrupted memory pro-
cesses (e.g., encoding, retrieval) [9] and elaborative processing abilities [45] may perpetuate
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such beliefs. That is, despite contrary evidence (e.g., the experience of increased positive emo-
tion in response to a recent, pleasant social interaction), individuals with anhedonia may
report a social interaction was less positive overall compared to controls because they do not
believe they enjoy social interactions. Thus, another potential treatment target would be to
focus on such dysfunctional beliefs. For example, using a cognitive-behavioral approach that
incorporates experiential social encounters, such as through virtual reality, might be an effec-
tive way to modifying these beliefs because of the live, directed feedback that is possible.

Of note, both self-reported social anhedonia and Avolition-Apathy symptoms were moder-
ately correlated with Reality Distortion symptoms. Thus, it is possible that these symptoms are
secondary to psychotic symptoms. If so, the most effective treatment for such symptoms
would be different [46,47]. Future research should consider this possibility when addressing
social abnormalities.

Last, although the effects of group differences found were large, the sample size of the cur-
rent study was relatively small and mean negative emotion ratings were relatively low. Thus,
replication of the current findings is needed. However, using a novel approach that minimized
the reliance of higher-order cognitive processes, this study was a first step toward overcoming
some problems with previous research on affective forecasting in SZ. Overall, we found that
self-reported social anhedonia was associated with predictions of negative emotion and experi-
ences of positive emotion as well as evaluations of the social interaction. This indicates that
anhedonia may involve a dynamic interplay between positive and negative emotion, which
may impact one’s evaluation of a social interaction.

Supporting information

S1 File. Appendix. Cover story provided to participants in the social interaction task.
(DOCX)

S2 File. Appendix. Social Interaction Task questions and confederate responses.
(DOCX)

S3 File. Data. Study data.
(CSV)

Acknowledgments

We thank Sakineh (Parvin) Khalaghizadeh and Clifford Widmark with their help in recruiting
participants. We also thank Jennifer Senta for her help in running the study.

Author Contributions

Conceptualization: Elizabeth A. Martin, Emily J. Urban, Melody M. Moore.
Formal analysis: Elizabeth A. Martin.

Funding acquisition: Elizabeth A. Martin.

Investigation: Elizabeth A. Martin, Mayan K. Castro, Lilian Y. Li, Emily J. Urban.

Methodology: Elizabeth A. Martin, Mayan K. Castro, Lilian Y. Li, Emily J. Urban, Melody M.
Moore.

Project administration: Emily J. Urban.
Writing - original draft: Elizabeth A. Martin.
Writing - review & editing: Mayan K. Castro, Lilian Y. Li.

PLOS ONE | https://doi.org/10.1371/journal.pone.0212069 February 27, 2019 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212069.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212069.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212069.s003
https://doi.org/10.1371/journal.pone.0212069

®PLOS | one

Emotions and schizophrenia

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cohen AS, Minor KS. Emotional experience in patients with schizophrenia revisited: Meta-analysis of
laboratory studies. Schizophr Bull. 2010; 36: 143—150. https://doi.org/10.1093/schbul/sbn061 PMID:
18562345

Kohler CG, Martin EA. Emotional processing in schizophrenia. Cogn Neuropsychiatry. 2006; 11: 250—
71. https://doi.org/10.1080/13546800500188575 PMID: 17354071

Kring AM, Moran EK. Emotional Response Deficits in Schizophrenia: Insights From Affective Science.
Schizophr Bull. 2008; 34: 819-834. https://doi.org/10.1093/schbul/sbn071 PMID: 18579556

Wolf DH. Anhedonia in schizophrenia. Curr Psychiatry Rep. 2006; 8: 322—8. PMID: 16879797

Horan WP, Green MF, Kring AM, Nuechterlein KH. Does anhedonia in schizophrenia reflect faulty
memory for subjectively experienced emotions? J Abnorm Psychol. 2006; 115: 496-508. https://doi.
org/10.1037/0021-843X.115.3.496 PMID: 16866590

Kwapil TR. Social anhedonia as a predictor of the development of schizophrenia- spectrum disorders. J
Abnorm Psychol. 1998; 107: 558-565. PMID: 9830243

Gooding DC, Tallent KA, Matts CW. Clinical status of at-risk individuals 5 years later: Further validation
of the psychometric high-risk strategy. J Abnorm Psychol. 2005; 114: 170-175. https://doi.org/10.1037/
0021-843X.114.1.170 PMID: 15709824

Kirkpatrick B, Fenton WS, Carpenter WT, Marder SR. The NIMH-MATRICS consensus statement on
negative symptoms. Schizophr Bull. 2006; 32: 214—-219. https://doi.org/10.1093/schbul/sbj053 PMID:
16481659

Strauss GP, Gold JM. A new perspective on anhedonia in schizophrenia. Am J Psychiatry. 2012; 169:
364-373. https://doi.org/10.1176/appi.ajp.2011.11030447 PMID: 22407079

Wilson TD, Gilbert DT. Affective forecasting. In: Zanna MP, editor. Advances in Experimental Social
Psychology. San Diego: Elsevier Academic Press; 2003. pp. 345—411. https://doi.org/10.1016/S0065-
2601(03)01006-2

Loewenstein G, Schkade D. Wouldn't it be nice? Predicting future feelings. In: Kahneman D, Diener E,
Schwarz N, editors. Well-being: The foundations of hedonic psychology. New York: Russell Sage
Foundation; 1999. pp. 85—105.

Kring AM, Barch DM. The motivation and pleasure dimension of negative symptoms: Neural substrates
and behavioral outputs. Eur Neuropsychopharmacol. 2014; 24: 725-736. https://doi.org/10.1016/j.
euroneuro.2013.06.007 PMID: 24461724

Aron A, Melinat E, Aron EN, Vallone RD, Bator RJ. The experimental generation of interpersonal close-
ness: A procedure and some preliminary findings. Personal Soc Psychol Bull. 1997; 23: 363-377.
https://doi.org/10.1177/0146167297234003

Gard DE, Kring AM, Gard MG, Horan WP, Green MF. Anhedonia in schizophrenia: Distinctions
between anticipatory and consummatory pleasure. Schizophr Res. 2007; 93: 253—-260. https://doi.org/
10.1016/j.schres.2007.03.008 PMID: 17490858

Strauss GP, Wilbur RC, Warren KR, August SM, Gold JM. Anticipatory vs. consummatory pleasure:
What is the nature of hedonic deficits in schizophrenia? Psychiatry Res. 2011; 187: 36—41. https://doi.
org/10.1016/j.psychres.2011.01.012 PMID: 21295860

Martin EA, Becker TM, Cicero DC, Kerns JG. Examination of affective and cognitive interference in
schizophrenia and relation to symptoms. J Abnorm Psychol. 2013; 122: 733—44. https://doi.org/10.
1037/a0033956 PMID: 24016013

Heinrichs RW, Zakzanis KK. Neurocognitive deficit in schizophrenia: A quantitative review of the evi-
dence. Neuropsychology. 1998; 12: 426-445. https://doi.org/10.1037/0894-4105.12.3.426 PMID:
9673998

Cohen AS, Najolia GM, Brown LA, Minor KS. The state-trait disjunction of anhedonia in schizophrenia:
Potential affective, cognitive and social-based mechanisms. Clin Psychol Rev. 2011; 31: 440—448.
https://doi.org/10.1016/j.cpr.2010.11.001 PMID: 21130553

Horan WP, Blanchard JJ, Clark LA, Green MF. Affective traits in schizophrenia and schizotypy. Schi-
zophr Bull. 2008; 34: 856—874. https://doi.org/10.1093/schbul/sbn083 PMID: 18667393

Strauss GP, Herbener ES. Patterns of emotional experience in schizophrenia: Differences in emotional
response to visual stimuli are associated with clinical presentation and functional outcome. Schizophr
Res. 2011; 128: 117-123. https://doi.org/10.1016/j.schres.2011.01.010 PMID: 21330110

Brenner CJ, Ben-Zeev D. Affective forecasting in schizophrenia: Comparing predictions to real-time
Ecological Momentary Assessment (EMA) ratings. Psychiatr Rehabil J. 2014; 37: 316—320. https://doi.
org/10.1037/prj0000105 PMID: 25496200

PLOS ONE | https://doi.org/10.1371/journal.pone.0212069 February 27, 2019 11/13


https://doi.org/10.1093/schbul/sbn061
http://www.ncbi.nlm.nih.gov/pubmed/18562345
https://doi.org/10.1080/13546800500188575
http://www.ncbi.nlm.nih.gov/pubmed/17354071
https://doi.org/10.1093/schbul/sbn071
http://www.ncbi.nlm.nih.gov/pubmed/18579556
http://www.ncbi.nlm.nih.gov/pubmed/16879797
https://doi.org/10.1037/0021-843X.115.3.496
https://doi.org/10.1037/0021-843X.115.3.496
http://www.ncbi.nlm.nih.gov/pubmed/16866590
http://www.ncbi.nlm.nih.gov/pubmed/9830243
https://doi.org/10.1037/0021-843X.114.1.170
https://doi.org/10.1037/0021-843X.114.1.170
http://www.ncbi.nlm.nih.gov/pubmed/15709824
https://doi.org/10.1093/schbul/sbj053
http://www.ncbi.nlm.nih.gov/pubmed/16481659
https://doi.org/10.1176/appi.ajp.2011.11030447
http://www.ncbi.nlm.nih.gov/pubmed/22407079
https://doi.org/10.1016/S0065-2601(03)01006-2
https://doi.org/10.1016/S0065-2601(03)01006-2
https://doi.org/10.1016/j.euroneuro.2013.06.007
https://doi.org/10.1016/j.euroneuro.2013.06.007
http://www.ncbi.nlm.nih.gov/pubmed/24461724
https://doi.org/10.1177/0146167297234003
https://doi.org/10.1016/j.schres.2007.03.008
https://doi.org/10.1016/j.schres.2007.03.008
http://www.ncbi.nlm.nih.gov/pubmed/17490858
https://doi.org/10.1016/j.psychres.2011.01.012
https://doi.org/10.1016/j.psychres.2011.01.012
http://www.ncbi.nlm.nih.gov/pubmed/21295860
https://doi.org/10.1037/a0033956
https://doi.org/10.1037/a0033956
http://www.ncbi.nlm.nih.gov/pubmed/24016013
https://doi.org/10.1037/0894-4105.12.3.426
http://www.ncbi.nlm.nih.gov/pubmed/9673998
https://doi.org/10.1016/j.cpr.2010.11.001
http://www.ncbi.nlm.nih.gov/pubmed/21130553
https://doi.org/10.1093/schbul/sbn083
http://www.ncbi.nlm.nih.gov/pubmed/18667393
https://doi.org/10.1016/j.schres.2011.01.010
http://www.ncbi.nlm.nih.gov/pubmed/21330110
https://doi.org/10.1037/prj0000105
https://doi.org/10.1037/prj0000105
http://www.ncbi.nlm.nih.gov/pubmed/25496200
https://doi.org/10.1371/journal.pone.0212069

®PLOS | one

Emotions and schizophrenia

22,

23.

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Catron ML. To Fall in Love With Anyone, Do This. New York Times Times. 9 Jan 2015. Available from:
https://www.nytimes.com/2015/01/11/fashion/modern-love-to-fall-in-love-with-anyone-do-this.html
Cited 1 November 2018.

First MB, Williams JBW, Karg RS, Spitzer RL. Structured Clinical Interview for DSM-5—Research Ver-
sion (SCID-5 for DSM-5, Research Version; SCID-5-RV). Arlington, VA: American Psychiatric Associa-
tion; 2015.

Berry DS, Hansen JS. Personality, nonverbal behavior, and interaction quality in female dyads. Per-
sonal Soc Psychol Bull. 2000; 26: 278—292. https://doi.org/10.1177/0146167200265002

Winterstein BP, Silvia PJ, Kwapil TR, Kaufman JC, Reiter-Palmon R, Wigert B. Brief assessment of
schizotypy: Developing short forms of the Wisconsin Schizotypy Scales. Pers Individ Dif. 2011; 51:
920-924. https://doi.org/10.1016/j.paid.2011.07.027

Eckblad ML, Chapman LJ, Chapman JP, Mishlove M. The revised social anhedonia scale. Unpubl test.
1982.

Cicero DC, Martin EA, Krieg A. Differential tem Functioning of the Full and Brief Wisconsin Schizotypy
Scales in Asian, White, Hispanic, and Multiethnic Samples and Between Sexes. Assessment. 2017; 1—
13. https://doi.org/10.1177/1073191117719509

Andreasen NC. The Scale for the Assessment of Negative Symptoms (SANS). lowa City, lowa; 1983.
Andreasen NC. The Scale for the Assessment of Positive Symptoms (SAPS). lowa City, lowa; 1984.

Strauss GP, Horan WP, Kirkpatrick B, Fischer BA, Keller WR, Miski P, et al. Deconstructing negative
symptoms of schizophrenia: Avolition—apathy and diminished expression clusters predict clinical pre-
sentation and functional outcome. J Psychiatr Res. 2013; 47: 783-790. https://doi.org/10.1016/].
jpsychires.2013.01.015 PMID: 23453820

Kotov R, Foti D, Li K, Bromet EJ, Hajcak G, Ruggero CJ. Validating dimensions of psychosis symptom-
atology: Neural correlates and 20-year outcomes. J Abnorm Psychol. 2016; 125: 1103—1119. hitps://
doi.org/10.1037/abn0000188 PMID: 27819471

R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria; 2015.

Bates D, Méachler M, Bolker B, Walker S. Fitting Linear Mixed-Effects Models Using Ime4. J Stat Softw.
2015; 67. https://doi.org/10.18637/jss.v067.i01

Kuznetsova A, Brockhoff PB, Christensen RHB. ImerTest Package: Tests in Linear Mixed Effects Mod-
els. J Stat Softw. 2017; 82. https://doi.org/10.18637/jss.v082.i02

Horan WP, Blanchard JJ, Clark LA, Green MF. Affective traits in schizophrenia and schizotypy. Schi-
zophr Bull. 2008; 34: 856—74. https://doi.org/10.1093/schbul/sbn083 PMID: 18667393

Sweeney S, Air T, Zannettino L, Galletly C. Psychosis, Socioeconomic Disadvantage, and Health Ser-
vice Use in South Australia: Findings from the Second Australian National Survey of Psychosis. Front
Public Heal. 2015; 3. https://doi.org/10.3389/fpubh.2015.00259

Grupe DW, Nitschke JB. Uncertainty and anticipation in anxiety: an integrated neurobiological and psy-
chological perspective. Nat Rev Neurosci. 2013; 14: 488-501. https://doi.org/10.1038/nrn3524 PMID:
23783199

Cacioppo JT, Gardner WL, Berntson GG. Beyond Bipolar Conceptualizations and Measures: The Case
of Attitudes and Evaluative Space. Personal Soc Psychol Rev. 1997; 1: 3-25. https://doi.org/10.1207/
s15327957pspr0101_2

Man V, Nohlen HU, Melo H, Cunningham WA. Hierarchical Brain Systems Support Multiple Represen-
tations of Valence and Mixed Affect. Emot Rev. 2017; 9: 124—132. https://doi.org/10.1177/
1754073916667237

Tellegen A, Watson D, Clark LA. On the Dimensional and Hierarchical Structure of Affect. Psychol Sci.
1999; 10: 297-303. https://doi.org/10.1111/1467-9280.00157

Watson D, Stanton K. Emotion Blends and Mixed Emotions in the Hierarchical Structure of Affect. Emot
Rev. 2017; 9: 99—104. https://doi.org/10.1177/1754073916639659

Collins FS, Varmus H. A new initiative on precision medicine. N Engl J Med. 2015; 372: 793-795.
https://doi.org/10.1056/NEJMp1500523 PMID: 25635347

Llerena K, Strauss GP, Cohen AS. Looking at the other side of the coin: A meta-analysis of self-reported
emotional arousal in people with schizophrenia. Schizophr Res. 2012; 142: 65-70. https://doi.org/10.
1016/j.schres.2012.09.005 PMID: 23040736

Yang Y, YangZ Ya, Zou Y Min, ShiH Song, Wang Y, Xie D Jie, et al. Low-pleasure beliefs in patients
with schizophrenia and individuals with social anhedonia. Schizophr Res. 2018; https://doi.org/10.1016/
j.schres.2018.05.018

PLOS ONE | https://doi.org/10.1371/journal.pone.0212069 February 27, 2019 12/13


https://www.nytimes.com/2015/01/11/fashion/modern-love-to-fall-in-love-with-anyone-do-this.html
https://doi.org/10.1177/0146167200265002
https://doi.org/10.1016/j.paid.2011.07.027
https://doi.org/10.1177/1073191117719509
https://doi.org/10.1016/j.jpsychires.2013.01.015
https://doi.org/10.1016/j.jpsychires.2013.01.015
http://www.ncbi.nlm.nih.gov/pubmed/23453820
https://doi.org/10.1037/abn0000188
https://doi.org/10.1037/abn0000188
http://www.ncbi.nlm.nih.gov/pubmed/27819471
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v082.i02
https://doi.org/10.1093/schbul/sbn083
http://www.ncbi.nlm.nih.gov/pubmed/18667393
https://doi.org/10.3389/fpubh.2015.00259
https://doi.org/10.1038/nrn3524
http://www.ncbi.nlm.nih.gov/pubmed/23783199
https://doi.org/10.1207/s15327957pspr0101_2
https://doi.org/10.1207/s15327957pspr0101_2
https://doi.org/10.1177/1754073916667237
https://doi.org/10.1177/1754073916667237
https://doi.org/10.1111/1467-9280.00157
https://doi.org/10.1177/1754073916639659
https://doi.org/10.1056/NEJMp1500523
http://www.ncbi.nlm.nih.gov/pubmed/25635347
https://doi.org/10.1016/j.schres.2012.09.005
https://doi.org/10.1016/j.schres.2012.09.005
http://www.ncbi.nlm.nih.gov/pubmed/23040736
https://doi.org/10.1016/j.schres.2018.05.018
https://doi.org/10.1016/j.schres.2018.05.018
https://doi.org/10.1371/journal.pone.0212069

:@.’ PLOS | ONE Emotions and schizophrenia

45. Martin EA, Siegle GJ, Steinhauer SR, Condray R. Timing matters in elaborative processing of positive
stimuli: Gamma band reactivity in schizophrenia compared to depression and healthy adults. Schizophr
Res. 2018; https://doi.org/10.1016/j.schres.2018.08.008

46. Kirschner M, Aleman A, Kaiser S. Secondary negative symptoms—A review of mechanisms, assess-
ment and treatment. Schizophr Res. 2017; 186: 29-38. https://doi.org/10.1016/j.schres.2016.05.003
PMID: 27230288

47. Carpenter WT, Heinrichs DW, Alphs LD. Treatment of negative symptoms. Schizophr Bull. 1985; 11:
440-52. PMID: 2863871

PLOS ONE | https://doi.org/10.1371/journal.pone.0212069 February 27, 2019 13/13


https://doi.org/10.1016/j.schres.2018.08.008
https://doi.org/10.1016/j.schres.2016.05.003
http://www.ncbi.nlm.nih.gov/pubmed/27230288
http://www.ncbi.nlm.nih.gov/pubmed/2863871
https://doi.org/10.1371/journal.pone.0212069



