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Abstract

Social approval is a reward that uses abstract social reinforcers to guide interpersonal interactions. Few studies have
specifically explored social reward processing and its related neural substrates in schizophrenia. Fifteen patients with
schizophrenia and fifteen healthy controls participated in a two-part study to explore the functional neural correlates of so-
cial approval. In the first session, participants were led to believe their personality would be assessed based on their results
from various questionnaires and an interview. Participants were then presented with the results of their supposed evalu-
ation in the scanner, while engaging in a relevant fMRI social approval task. Subjects provided subjective reports of pleasure
associated with receiving self-directed positive or negative feedback. Higher activation of the right parietal lobe was found
in controls compared with individuals with schizophrenia. Both groups rated traits from the high social reward condition as
more pleasurable than the low social reward condition, while intergroup differences emerged in the low social reward
condition. Positive correlations were found in patients only between subjective ratings of positive feedback and right insula

activation, and a relevant behavioural measure. Evidence suggests potential neural substrates underlying the cognitive

representation of social reputation in schizophrenia.
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Introduction

Social reward processing utilizes abstract reinforcers to guide
appropriate motivated behaviours in social activities. For in-
stance, individuals strive towards establishing a good reputa-
tion among their peers (Benabou and Tirole, 2006). The
recognition that one has a good reputation can induce a feeling
of happiness (i.e. a hedonic component of reward), and individ-
uals are often motivated to seek such social approval (i.e. a mo-
tivational component of reward) (Bateson et al., 2006; Kurzban
and Aktipis, 2007). Social approval is a key social reward that
has a profound impact on everyday social decision making
(Leary 2007; Boksem et al., 2011).

Few studies have investigated this type of social reward in
schizophrenia. Patients with schizophrenia often present difficul-
ties when engaging in reciprocal relationships (Bellack et al., 1990;

Galderisi et al., 2014). It has been argued that poor social function-
ing in patients may be strongly related to social cognitive deficits,
including an altered ability to process positive feedback from
others (Pinkham et al., 2003; Cohen et al., 2011). Past studies
exploring reward processing in schizophrenia have primarily
made use of non-social stimuli, such as money, positive pictures
and juice (Gard et al., 2007; Diekhof et al., 2008; Gold et al., 2008;
Waltz et al., 2009, Waltz et al., 2010). Results indicate that patients
have reasonably intact hedonic responses, at least for simple
non-social stimuli, but impaired motivation and reward represen-
tation, leading to failure in directing goal-oriented behaviour
(Horan et al., 2006; Barch, 2008; Barch and Dowd, 2010).

At the neural level, several aberrant cortical-striatal inter-
actions have been highlighted in schizophrenia during both the
anticipation and delivery of non-social reward (Waltz et al.,
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2009; Barbour et al., 2010; Simon et al., 2010; Gradin et al., 2013;
Strauss et al., 2014). It has previously been shown that patients
have a reduced response compared with healthy controls in re-
ward-related brain regions (e.g., ventral striatum) upon presen-
tation of a clear positive non-social stimulus (Murray et al., 2008;
Koch et al., 2010). It is still unclear, however, whether these pat-
terns of brain abnormalities observed in the context of non-
social reward processing applies to more abstract and complex
social rewards. There are some indications suggesting that re-
ward-processing deficits in schizophrenia may be even more
pronounced for abstract social rewards, such as holding a good
reputation in social circles (i.e. social approval) (Penn et al.,
1997). Gold et al. (2008) examined results from several studies all
converging to the idea that individuals with schizophrenia ex-
hibit deficits in various aspects of the reward system, including
a reduced ability to use subjective reward experiences to guide
short- and long-term learning. These neurocognitive deficits
can have significant implications for functional outcome in
schizophrenia, with strong evidence for social cognition as a
mediator of this relationship (Brekke et al., 2005; Couture et al.,
2006; Gard et al., 2009).

In an innovative study conducted on healthy controls,
Izuma et al. (2008) implemented a functional magnetic reson-
ance imaging (fMRI) paradigm to elucidate the neural correlates
of social approval. Their experimental design led participants to
believe they were being evaluated by a group of peers, based on
their responses on several questionnaires and during an inter-
view. Personality traits were supposedly selected by the evalu-
ators to describe participants’ personality and subsequently
presented to participants in the scanner. Social reward, specific-
ally social approval, was defined as the positive personality
traits representing participants’ good reputation. In reality the
level of social approval was systematically manipulated. Their
results suggested that social approval activates similar brain re-
gions associated with processing of concrete non-social rewards
(e.g., monetary gains) encompassing the left caudate nucleus
and putamen of the striatum. In addition, increased activity in
the medial prefrontal cortex (mPFC) was noted, which is con-
sistent with this higher cortical region’s established function in
self-referential processing (Northoff and Bermpohl, 2004; Moran
et al., 2006; Northoff et al., 2006; Harvey et al., 2007; van der Meer
et al., 2010).

This study is the first to examine the neural correlates of so-
cial approval in the context of schizophrenia. Specifically, the
study aims to expand on the experimental design previously
defined by Izuma et al., and implement an effective social ap-
proval paradigm to assess how individuals with schizophrenia
respond to receiving feedback about the self. At the behavioural
level, we expect schizophrenia patients to report lower levels of
pleasure when receiving positive feedback about their personal-
ity. At the neural level, it is expected that patients with schizo-
phrenia will have a reduced response in reward-related regions,
particularly within the ventral striatum, upon presentation of
positive feedback directed towards them. In addition, it is
hypothesized that patients will show a deficit in processing
their own reputation, as revealed by decreased mPFC activation.

Methods
Participants

The reported analyses are based on data collected from 15 right-
handed patients with schizophrenia (11 males, mean
age*SD=33.1+7.7) and 15 right-handed healthy controls

(9 males, mean age = SD=35.2 + 9.8), in the age range of 20-51
years. All subjects had normal vision and were physically
healthy, based on medical history. Patients with schizophrenia
were recruited from several outpatient clinics affiliated with the
Douglas Mental Health University Institute. Controls were re-
cruited from online advertisements. Diagnosis of schizophrenia
in the patient group was established using the Structured
Clinical Interview for DSM-IV (SCID) (First et al., 1996) conducted
by trained clinicians. Positive and negative symptoms of schizo-
phrenia were assessed using the Scale for the Assessment of
Positive Symptoms (Andreasen, 1984a) and the Scale for the
Assessment of Negative Symptoms (Andreasen, 1984b).
Controls were assessed using the SCID-II (First et al., 1997), in
addition to the SCID-I. Exclusion criteria for both patients and
controls included a report of substance abuse or dependence
within one month prior to the assessment, an intelligent quo-
tient (1.Q.) of <70 points as outlined in the Weschler
Abbreviated Scale of Intelligence (WASI; Hays et al., 2002), his-
tory of a loss of consciousness for more than 10 minutes, a dis-
tinguishable neurologic disorder or history of a heritable
neurological condition, and/or possible contraindication for the
MRI scan. In addition, exclusion criteria for controls included a
history of schizophrenia or another psychotic disorder (includ-
ing both personal and/or first degree relative history), bipolar
disorder, or recurrent depressive episodes. Possibility of current
depression was assessed with the Calgary Depression Scale
(CDS; Addington et al., 1994); additionally, the Hamilton Anxiety
Scale (HAS; Hamilton, 1959) was used to evaluate current levels
of anxiety. All participants provided written informed consent,
and the study was approved by the Douglas Institute institu-
tional review board.

Experimental design

Subjects were asked to participate in two study sessions: the
self-introduction phase, followed by the social approval fMRI
task. Participants were told the primary aims of the study were
to examine personality, where questionnaires and a short inter-
view would be administered and later evaluated by a panel of
three clinicians. In fact, the participants’ personality would
never be assessed, but this deception was necessary for the so-
cial reward component in the MRI scanner. These two sessions
were separated by ~2 weeks, which aided in convincing partici-
pants that during this time, the aforementioned ‘clinicians’
would convene and compile a list of personality traits that they
felt best suited the participant based on their self-report ques-
tionnaires and video recording. The self-introduction phase
lasted 3-4 hours in duration, and included a clinical and cogni-
tive evaluation. Any pertinent information on medication, over-
all physical health, and factors that could potentially be
contraindicatory for the MRI session were collected through an
additional screening measure. I.Q. scores were estimated using
the WASI, which assesses verbal and spatial reasoning and
gives rise to Verbal, Performance, and Full-Scale 1.Q. scores
(Hays et al., 2002). After screening and clinical assessment meas-
ures, all participants were required to complete the following
questionnaires, to effectively persuade the participants they
were participating in a personality study: the Self-Esteem
Rating Scale (SERS; Nugent and Thomas, 1993), the Social
Desirability Scale (SDS; Crowne and Marlowe, 1960), the
Empathy Quotient (EQ; Baron-Cohen and Wheelwright, 2004),
the Millon Clinical Multiaxial Inventory (Millon et al., 1997), the
Ambiguous Intentions Hostility Questionnaire (Combs et al.,
2007), the Social and Physical Anhedonia Scales (Chapman et al.,
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1976), the Interpersonal Reactivity Index (Davis, 1980), and the
Temporal Experience of Pleasure Scale (TEPS; Gard et al., 2006). In
addition, all subjects participated in a short video-recorded inter-
view, consisting of open-ended questions to engage the participant
in telling the interviewer about their personality, their future goals
and plans, and their opinion on a relevant current event. The par-
ticipants were told the results of their personality evaluation would
be revealed to them in the subsequent scanner session. In addition,
participants were informed they would also see the evaluation of
another person they had not met before in the scanner, where it
was emphasized that this was required to reliably assess ‘self-pro-
cessing’ of one’s personality.

The social approval task administered in the scanner was an
event-related 2 x 3 design, with three social reward levels (High
Social Reward [HSR], Low Social Reward [LSR], and No Social
Reward [NoSR]) and two social target conditions (‘self or
‘other’). Stimuli consisted of 120 personality traits taken from
Andersen’s published list, composed of 60 HSR and 60 LSR traits,
where the reward value of the chosen traits has been previously
established (Andersen, 1968). HSR words were highly positive
(e.g., intelligent, loyal), whereas LSR words ranged from moder-
ately positive (e.g., modest) to slightly negative (e.g., careless).
Because LSR words were globally perceived as negative, this
condition will be further referred to as consisting of ‘negative’
feedback. The NoSR condition was defined by the presentation
of ‘XXXX’ instead of an adjective. The HSR and LSR conditions
were further broken down to create two lists for each condition,
resulting in four lists of 30 adjectives each (HSR List A, HSR List
B, LSR List A, LSR List B). These four lists were important in es-
tablishing the ‘self’ and ‘other’ conditions. H/LSR Lists A were
used to represent the subject’s presumable evaluation, whereas
H/LSR Lists B represented the evaluation of an unknown ‘other’
person. Lists A and B were switched for an alternative version of
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the task. The average number of letters and syllables per adjec-
tive was comparable across all four lists. Both French and
English versions of the task were developed.

During each trial of the social approval task, a photo of the
participant (taken during the self-introductory phase), or of an
unfamiliar person of the same gender, replaced a fixation cross
at the centre of a black screen. The picture was presented for
1500 ms, followed by a personality trait supposedly attributed to
the person depicted in the photo. Each trait was presented
under the photo for 3000 ms. Subjects were then asked to rate
the desirability of the presented trait on a 3-point scale
(1=Highly desirable; 2=Moderate; 3 =Not desirable). Subjects
provided feedback via a three-button keyboard they were
required to hold throughout the duration of the scan. The trial
ended with a fixation cross presented for 3000ms. Thus, the
total duration of a trial was 10 seconds. Trials were separated by
pseudo-randomized inter-stimulus intervals of 2.7, 3.0 or 3.3s.
For the NoSR condition, the personality trait was replaced by
‘XXXX' and the subject could press any of the three buttons on
the controller. The social approval task consisted of three runs,
each consisting of 10 trials per condition, with a total of 60 trials
per run. An example of the fMRI task design for a male partici-
pant is shown in Figure 1. The total duration of the scanning
session lasted ~50 minutes, including preparation time, delays
between runs and T1-weighted image acquisition.

Imaging data acquisition

The social approval task was conducted at the Douglas Institute
Brain Imaging Centre, where fMRI data were acquired on a 3T
Magnetom MRI Scanner. Stimuli were generated by a laptop
running E-PRIME (Psychology Software Tools, Pittsburgh, PA)
and projected via an LCD projector and mirror system. The

Social Reward Level

High Social Reward (HSR)

Self

Social
Target

Other

trustworthy

Fig. 1. FMRI social approval task paradigm. Example for a male participant.

Low Social Reward (LSR)

No Social Reward (NoSR)
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participants’ responses were recorded via a remote control con-
nected to the computer. T2-weighted images with blood oxygen
level-dependent contrast were acquired [repetition time (TR)
2000ms, echo time (TE) 40ms, flip angle 90°, field of view
256 mm, matrix 64 x64], covering the entire brain (30 interleaved
slices parallel to the anterior-posterior commissural plane, in-
plane resolution 4x4mm thickness). Three functional runs of
365 volumes each were acquired. Following the functional ses-
sion, a high-resolution T1-weighted anatomical volume was
acquired using a gradient echo pulse sequence (TR 18 ms, TE
10ms, flip angle 30°, voxel size 1x1x1 mm?).

After completion of the fMRI sequence, participants were
required to fill out one last questionnaire, pertaining to their
subjective emotional thoughts when presented with each of the
traits specifically attributed to them in the scanner. The ques-
tionnaire included a seven-point rating scale (1=very angry,
4 =indifferent, 7 = very happy) for each of the 60 words that rep-
resented the results of their personality evaluation. Afterwards,
participants were fully debriefed and told about the necessity
of the deception approach taken to assess social reward
processing.

Statistical analysis for behavioural measures

Demographic and clinical data were compared using two-tailed
t tests for independent samples, with the exception of the sex
variable, for which a y? test was used. Comparisons between pa-
tients and controls on all questionnaires from the introductory
session of the study were performed using two-tailed t-tests for
independent samples. A mixed-design ANOVA was conducted
to analyze scores from the post-scan questionnaire, with group
as the between subjects variable and reward level (H/LSR) as the
within subjects variable. Linear regression analyses were con-
ducted between subjective HSR ratings and other behavioural/
neural measures of interest using Pearson R correlation coeffi-
cients and significance testing for difference of slopes.

fMRI statistical analysis

FMRI data were analyzed using SPM8 (Wellcome Department of
Imaging Neuroscience, UK). All functional volumes from each
run were realigned to the first volume to correct for inter-scan
movement. To assess the degree of head movement throughout
the task, realignment parameters for each individual were
visually inspected for the full duration of the scan. Movement
parameters were <2mm for translations and <2° for rotations
in x-, y- and z-axes for all participants, with the exception of
one patient, whom we excluded from further analyses. Next, re-
aligned volumes were spatially normalized to the Montreal
Neurological Institute (MNI) space (normalized voxel size:
2x2x2mm) and smoothed with an 8-mm full-width half-
maximum Gaussian kernel (Friston et al., 2002). Low-frequency
temporal drifts were removed by applying a high-pass filter.
Data were analyzed by the general linear model (GLM), in which
individual events were modelled by a canonical Haemodynamic
Response Function.

Our fMRI analysis modelled six events of interest: (i)
Self[HSR]; (ii) Self[LSR]; (iii) Self[NoSR]; (iv) Other[HSR]; (v)
Other|[LSR]; (vi) Other[NoSR]. Ten contrasts of interest were cal-
culated. However, only three of these contrasts are reported and
discussed in this paper. First, the effect of receiving positive
feedback from others (i.e. social approval) on brain activity was
explored using the contrast ‘Self[HSR]| vs Other[HSR]'. We then
compared results with an opposing contrast: ‘Self[LSR] vs
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Other[LSR]’. We also explored the neural correlates of receiving
a general feedback from others (i.e. irrespective of whether it is
positive or negative): ‘Self[HSR+LSR] vs Other[HSR+LSR]'.

The fMRI analysis included six regressors modelling motion-
related variance as covariates. One sample t-tests and two sam-
ple t-tests were conducted to obtain mean activation maps for
each subject and to compare groups for each contrast of interest.
A Monte Carlo simulation approach was applied to correct for
multiple comparisons, using a software derived by Slotnick and
colleagues (Slotnick et al., 2003; Slotnick and Schacter, 2004). A
cluster extent threshold was determined using the following in-
put parameters: matrix 64 x 64, slices 30, original voxel dimen-
sion 4 x 4 x 4, resampled voxel resolution 2 x 2 x 2, smoothing
8 mm, P-corrected =0.01, P-voxel =0.001. After 10 000 iterations,
an extent threshold of 80 contiguous voxels was determined.
Ultimately, this procedure avoids a false-positive rate above 1%
due to multiple testing and provides a method of thresholding
that is more sensitive to activation (specifically for low-intensity,
spatially extended activation patterns), compared with measures
of multiple contiguous activated voxels (Forman et al., 1995;
Petersson et al., 1999; Nichols, 2012; Hupé, 2015). For exploratory
purposes, the Monte Carlo simulation approach was also run
with similar parameters for P-voxel = 0.005, yielding an output of
120 contiguous voxels. Significantly activated clusters were ana-
tomically identified using the Automated Anatomical Labelling
software extension within SPM8 (Tzourio-Mazoyer et al., 2002),
using an extended local maxima radius of 10mm. To display
fMRI brain activation patterns, resultant statistical maps were
overlaid on a T1-weighted Montreal Neurological Institute tem-
plate using MRIcron (http://www.sph.sc.edu/comd/rorden/mri
cron/). Average f values for H/LSR-Self and Other conditions
were extracted to examine signal change between patients and
controls for several regions of interest (ROI), which were defined
according to the results of our conjunction analysis (see ‘ROI-
specific activation patterns’ in the Results section). The f values
across selected ROIs were analyzed with mixed-design ANOVA,
with group as a between-subjects factor, and the conditions of
interest as a within-subjects factor.

Results

Demographics and behavioural group comparisons

Demographic and clinical data analyses confirm that patients
and controls were comparable in terms of age, sex ratio and per-
formance 1.Q. (Table 1). However, our groups differed in years of
education obtained and verbal 1.Q., although I.Q. scores were
still well within the average range for patients. Although our pa-
tient group scored higher on measures of depression and anx-
iety compared with controls, as assessed by the CDS and HAS,
respectively, these scores were still within the acceptable range
and did not reflect significant affective symptomatology.
Further information on behavioural data and statistical test re-
sults for questionnaires completed during the first session of
the study can be found in Table 2. Verbal discussion with par-
ticipants during the debriefing session after fMRI task acquisi-
tion encouraged us that the chosen paradigm effectively
convinced both patients and controls that their personality had
truly been evaluated.

Subjective ratings of HSR and LSR traits

No differences were found between groups with respect to sub-
jective ratings of desirability for HSR and LSR traits in the scanner
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Table 1. Demographic and clinical data
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Group; mean (SD)

Statistical test

Characteristic Schizophrenia (n=15) Control(n=15) P value
Age, year 33.1(7.7) 35.2 (9.8) Ty =0.66 0.51
Sex, male:female 11:4 9:6 7?1=0.15 0.7
Verbal 1.Q. 99.4 (14.0) 111.3 (10.7) Tps=2.623 0.014
Performance 1.Q. 103 (15.0) 105.6 (13.7) Tpg =0.495 0.625
Years of education 12.5 (2.4) 15.4 (2.3) Tog=3.37 0.002
HAS 5.6 (6.3) 1.5 (1.8) Tps=2.46 0.02
cDS 1.1 (1.6) 0.1(0.3) Toe=2.55 0.02
Language, English:French?® 7:8 11:4 7?1=1.25 0.26
SAPS total score 11.9 (10.6)

SANS total score 19.7 (8.2)

Age of onset (year) 21.4(7.0)

Number of hospitalizations 2.5(2.7)

Individuals with schizophrenia differ from controls in years of education, verbal 1.Q., and scores on the HAS and CDS (P < 0.05). No differences were found between age,

sex ratio, performance I.Q. and distribution of English and French versions of the task.

2Language of preference for each participant defined the language used when conducting clinical/behavioural assessments, and which version of the task was admin-

istered in the scanner.

Table 2. Behavioural measures

Group; mean (SD)

Statistical test

Questionnaire Schizophrenia (n=15) Control (n=15) P value
EQ 35.7 (12.3) 46.7 (11.0) Tps=2.57 0.01*
PAS 30.0 (2.9) 30.1(3.7) Tpg=0.11 0.91
SAS 12.8(7.6) 8.5(6.2) Tos=1.68 0.10
SDS 17.6 (6.3) 20.5 (6.5) Trs=1.22 0.23
SERS 195.9 (38.6) 221.6 (25.1) Trg=2.16 0.04*
TEPS

TEPSA 41.2(8.7) 45.7 (6.1) Tos=1.62 0.11

TEPSC 36.1(7.0) 38.4(5.4) Tpg=0.99 0.33
IRI

Perspective-taking 22.5(4.9) 28.6 (5.3) Tog=3.23 0.003*

Fantasy 21.7 (6.8) 21.5(5.9) Tp5=0.09 0.93

Empathic Concern 24.5 (5.4) 28.7 (4.0) Tog=2.42 0.02*

Personal Distress 18.9 (6.3) 16.1 (5.3) Trg=1.32 0.20

Abbreviations: EQ, empathy quotient; PAS, Physical Anhedonia Scale; SAS, Social Anhedonia Scale; SDS, Social Desirability Scale; SERS, Self-Esteem Rating Scale; TEPS,
Temporal Experience of Pleasure Scale (A, Anticipatory; C, Consummatory); IRI, Interpersonal Reactivity Index.
Significant differences found between individuals with schizophrenia and controls (P < 0.05).

and reaction times (Supplementary Figure S1). Emotional ap-
praisal of traits from the post-scan questionnaire revealed a sig-
nificant main effect of reward (Mixed-design ANOVA, F; 5= 269.3,
P <0.0001), and group x reward interaction (F; 23 =13.77, P < 0.001).
The main effect of reward confirms that subjective feelings of re-
ward were consistent with previously established reward values
of the chosen traits, such that traits from the HSR condition eli-
cited more positive affect, and negative traits evoked less favour-
able subjective reactions (e.g, anger). Post hoc tests of the
group x reward interaction, using Tukey’s multiple comparisons,
revealed that patients and controls significantly differed in their
subjective assessment of LSR words (P=0.019), where patients ex-
hibited less negative affect when rating LSR words compared with
controls (Figure 2). No main effect of language (English or French)
was found with respect to subjective ratings of the H/LSR traits,
suggesting that the results obtained could not be otherwise ex-
plained by the language used during task administration
(Supplementary Table S1). Furthermore, subjective ratings of HSR
traits from the post-scan questionnaire revealed significantly dif-
ferent correlation patterns with the TEPS, for both the anticipatory

(A) and consummatory (C) facets of the scale, where patients’ re-
sponses on the TEPS had a significantly higher positive correlation
with their ratings on HSR traits, compared with controls. Slope
comparisons between ratings on the post-scan questionnaire and
other relevant behavioural measures (i.e. SAS and SDS) were not
significantly different between groups. Please see Figure 5 for all
statistical results.

FMRI results: Self[HSR] vs Other[HSR]

Social reward processing was analyzed through examination of
brain activity when presented with specific levels of reward dir-
ected towards the self in the scanner. Neural correlates of social
approval were first explored by contrasting HSR traits presented
in the ‘self’ condition to HSR for the ‘other’ condition. For the
described contrast, controls showed activation of various frontal
regions bilaterally (i.e. inferior and superior frontal gyri, as well
as mPFC), cingulum, several brain regions involved in visual per-
ception (lingual, calcarine and occipital gyri), the precuneus, and
temporal regions (bilateral superior temporal pole and fusiform
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gyrus). Controls also showed activation of specific subcortical re-
gions not found in patients (i.e. thalamus, hippocampus, caud-
ate). Patients showed a similar pattern of activation in frontal
regions (i.e. mPFC; superior, middle and inferior frontal gyri;

B Controls Bl Schizophrenia
¥k
L 1
6 *
]
w
& 4
K=
S
=
2-
o=
HSR LSR
Reward Level

Fig. 2. Post-scan questionnaire. Ratings on a seven-point scale of HSR and LSR
traits from the ‘self’ condition after the scanning session, ranging from 1=very
angry, 4 =indifferent, 7 = very happy. A main effect of reward was found (Mixed-
design ANOVA, F;,5=269.3, *P<0.0001), and a group x reward interaction
(F1,28=13.77, P <0.001). Post hoc analyses revealed that patients rated LSR traits
significantly lower than controls (*P =0.019). Bars represent mean * SD.

bilateral anterior cingulum). Alternate patterns of activation
were found in the patient group as displayed by activity in the
cerebellum, rectus, postcentral and supramarginal gyri (Table 3A;
Figure 3). A direct comparison between the two groups revealed
significantly higher activation within the right parietal lobe com-
pared with patients; specifically, higher activation was found
within the middle and posterior cingulum, angular gyrus (AG),
and superior and inferior parietal gyri (Table 3A; Figure 4).

Due to the noteworthy pattern of limbic lobe activation in
controls when examining results at the intragroup level, and
evidence suggesting that between-group comparisons are often
prone to small effect sizes (Lakens, 2013; Hawco et al., 2015), it
was of interest to see if any potential trends would emerge by
using a less conservative approach. Thus, a further exploratory
analysis of this contrast was conducted using a more liberal
threshold of P < 0.005 and cluster extent threshold of 120 voxels,
corrected to P<0.01 at the cluster level (determined with the
Monte Carlo simulation approach described earlier). This re-
vealed additional higher activation in controls compared with
patients in extended limbic regions of the right hemisphere,
including the insula, superior temporal pole, amygdala, as well
as additional cortical midline structures including the superior
mPFC and posterior cingulum (Table 3A, Figure 4).

ROI-specific activation patterns

To further investigate specific activation patterns for the condi-
tions of interest, average f§ values were extracted for five ROIs
within the right hemisphere, based on our resultant neural
group differences: AG, middle cingulum, mPFC, amygdala and
anterior insula (Figure 4). To visualize activation patterns across
these five selected regions more clearly, f values were extracted
for an ROI of 11 voxels (9 in-plane voxels surrounding the peak

Contrast 1: “Self [HSR] vs. Other [HSR]” - receiving positive feedback about the self

Fig. 3. fMRI intragroup activation maps. Superposition of activation maps for controls and patients displayed at P < 0.001 with a cluster extent threshold of 80 voxels.
Colour bar represents t-scores, where statistical maps are superimposed on the Montreal Neurological Institute template brain. Red-yellow maps correspond to activa-
tion in healthy control group. Blue-green maps represent activation in schizophrenia group. Overlapping activation is displayed in pink. Numbers above coronal slices
represent y-coordinate. Numbers above axial sections represent x-coordinate. Left side of image corresponds to left side of the brain.
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Fig. 4. Intergroup differences within fMRI activation maps for Self[HSR] vs Other[HSR] and related conditions. Abbreviations. R, right hemisphere; AG, angular gyrus;
mPFC, medial prefrontal cortex. Superposition of activation maps directly comparing controls and patients using two thresholds: P < 0.001 and P < 0.005, with a cluster
extent threshold of 80 and 120 voxels, respectively. Activations corresponding to the initial conservative P < 0.001 threshold are depicted in yellow, whereas additional
activation captured by the more liberal P <0.005 threshold are depicted in purple. Colour bar represents t-scores, where statistical maps are superimposed on the
Montreal Neurological Institute template brain. Selected ROIs are indicated numerically on the activation map panel, with corresponding f values extracted around
the peak voxel indicated for each RO], signifying signal change between patients and controls for separate conditions. Note that f value bar graphs for regions 1-3 com-
pare Self[HSR] and Other[HSR] conditions, whereas regions 4-5 compare Self[HSR] and Self[LSR] conditions due to the latter (i.e. insula and amygdala) having proposed
roles in valence/reward processing. Mixed-design ANOVA analyses, with condition as a within subjects factor and group as a between subjects factor, revealed signifi-
cant interaction effects within the right middle cingulum (F;,5=5.067, P=0.032), amygdala (F; .3 =2.964, P=0.0027) and insula (F, s =4.355, P =0.046). Post hoc ana-
lyses revealed a significant difference in § values between conditions for controls within the amygdala and middle cingulum (*P <0.05), although there was a
noteworthy similar trend within the right insula (P = 0.066). Bars represent mean = SEM.

voxel of the chosen ROI, along with one voxel above and below).
Mixed-design ANOVA analyses revealed significant interaction
effects within the right middle cingulum (F; .5 =5.067, P =0.032),
amygdala (F1,5=2.964, P=0.0027), and insula (F;,5=4.355,
P =0.046) for resultant  values. Post hoc analyses revealed a sig-
nificant difference in activation between conditions for controls
within the amygdala only (P < 0.05), although there was a note-
worthy similar trend within the right insula (P=0.066). To link
neural activation patterns to behavioural responses, subjective
ratings of HSR traits from the post-scan questionnaire were cor-
related with f values representing the Self[HSR] condition
across the right middle cingulum, amygdala and anterior insula.
Patients had significantly higher positive correlations between
subjective ratings of HSR traits from the post-scan question-
naire and activation within the right insula compared with con-
trols (Figure 5). Linear regression analyses between HSR trait
ratings and the other aforementioned neuroanatomical regions
were not significantly different between groups.

Self[LSR] vs Other|[LSR]

A complementary contrast was examined with respect to brain
activation when receiving negative feedback about the self,
compared with the ‘Other[LSR]’ condition. Only the left inferior
frontal gyrus was significantly activated in controls. In contrast,
patients showed additional activation of the right frontal cortex,
parietal regions (i.e. precuneus, AG), left calcarine gyrus and
right fusiform gyrus. No significant differences in brain

activation were found when directly comparing patients and
controls (Table 3B; Figure 3).

Self[HSR + LSR] vs Other[HSR+LSR]

Brain regions related to self-processing were examined by com-
paring brain activation during the self and other conditions, irre-
spective of reward valence. In healthy controls, medial prefrontal
regions were activated bilaterally (i.e. medial orbital and superior
medial frontal gyri; anterior cingulum), along with the hippocam-
pus and amygdala subcortically. Controls also showed significant
activation of several temporal regions (i.e. superior, middle and
inferior temporal gyri, as well as fusiform and parahippocampal
gyri), parietal areas (i.e. precuneus and cingulum), and within the
occipital lobe (i.e. superior and middle occipital gyri). By compari-
son, patients with schizophrenia displayed activity of the right
pre- and post-central gyri, and within the parietal lobule (i.e.
supramarginal and angular gyri). Direct comparison between
groups revealed no significant differences (Table 3C; Figure 3).

Discussion

Social cognition is an integral component of interpersonal com-
munication, and dysfunction within neural networks underly-
ing social functioning may be implicated in schizophrenia.
This study aimed to elucidate the neural correlates of social re-
ward processing using abstract social reinforcers presented in
an fMRI paradigm. The principal objectives were to uncover
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Behavioural Correlates (Self-Report Questionnaires) Neural Correlates (fMRI)
Statistic TEPSA TEPSC SAS SDS MidCing  Amygdala Insula
Schizophrenia r 0.762 0.786 0.497 0.401 0.330 0.130 0.489
0.001 0.0005 0.060 0.139 0.230 0.645 0.064
Coitrols r 0.1446029 0.1046422 0.6764614 0.5876223 | 0.1831939 0.1064894 0.2756266
p 0.6071 0.7106 0.0056 0.0213 0.5134 0.7056 0.3201
Intergroup Comparison of Linear Regression Slopes
Fi 8.31 11.17 0.76 0.77 1.99 0.37 5.81
p 0.008 0.0025 0.392 0.39 0.17 0.547 0.023
* Controls (R*=0,02) * Schizophrenia (R’=058) * Controls (R*=0.01) * Schizophrenia (R*=0.62) *  Controls (R*=0.08) * Schizophrenia (R*=0.24)

HSR Ratings

T
30 45
TEPSA Score

TEPSC Score

50 -2 o 2 4

Right Insula {§ values

Fig. 5. Correlations with subjective HSR ratings. Abbreviations. TEPSA/C, Temporal Experience of Pleasure—Anticipatory/Consummatory Subscales; SAS, Social
Anhedonia Scale. SDS, Social Desirability Scale; MidCing, middle cingulum; All correlations for listed behavioural and neural measures are compared against subjective
HSR ratings from the post-scan questionnaire. Correlations with selected neuroanatomical ROIs from the right hemisphere are based on beta values extracted from
the ‘Self[HSR]’ Condition. All significant results are bolded within the top panel. When compared with controls, patients with schizophrenia had significantly different
slopes compared with controls when examining Pearson R correlation coefficients between subjective HSR trait ratings and TEPSA/C scores, and f values extracted

from the right insula for Self[HSR].

self-referential processing when receiving feedback in the scan-
ner, while also manipulating the reward level of the presented
traits. The resultant feedback that each participant received
served as a basis for the reputation they embodied, and thus
introduced a salient abstract reward. Our neuroimaging results
suggest that patients with schizophrenia utilize different brain
regions when assessing social reward specific to the self (i.e. so-
cial approval), compared with the healthy control group.

We initially hypothesized that individuals with schizophre-
nia would have an altered subjective response when viewing
positive personality traits from their alleged evaluation.
Intriguingly, patients rated words from the LSR condition as
slightly less unpleasant than what was seen in healthy controls.
This suggests that individuals with schizophrenia still retain
the ability to differentiate between high and low valence levels
of an abstract reward, but have reduced aversion to LSR.
Although neurobiological results relating to LSR did not yield
significant differences between groups, we were able to uncover
several other links between both neural and subjective tenden-
cies relating to the pattern of responses on the post-scan ques-
tionnaire. Subjective HSR ratings were found to be quite
variable among our patient group, and were positively corre-
lated with patients’ self-reported experience of pleasure, which
was not found in controls. It is probable that patients have simi-
lar cognitive processes underlying various domains of abstract
reward processing, and improving perception of social reward
may have beneficial translational effects for other relevant cog-
nitive domains.

One of the primary aims of the study was to decipher some
of the mechanisms underlying social approval and abstract re-
ward processing in schizophrenia. Thus, brain activation was

examined while viewing self-related HSR traits specifically [i.e.
‘Self(HSR) vs Other(HSR)’]. Our most robust finding was signifi-
cantly higher activation of several contiguous regions within
the parietal lobe and along the posterior cortical midline in
healthy controls compared with individuals with schizophrenia.
Although these regions were not initially hypothesized to con-
tribute to social reward processing, the parietal lobe has re-
cently gained increased interest in the context of abnormal
psychology (Sowden and Shah, 2014). For instance, cognitive
processes underlying self-referential processing and the self-
other dichotomy may have their neural substrates within the
functional network connecting the right temporoparietal junc-
tion and mPFC (Spengler et al., 2010). Additionally, differential
activation patterns between groups within the posterior portion
of the middle cingulum in response to positive feedback de-
serves recognition, due to this cortical midline structure’s
known role in self-referential processing in the healthy popula-
tion (Northoff and Bermpohl, 2004; Johnson et al., 2002), which
evidently, does not function in a comparable manner in our pa-
tient group. These abnormalities in posterior midline structures
and parietal network connectivity in the context of self-
referential processing is consistent with several other recent
studies (Murray et al., 2012; Guo et al., 2014; Murray et al., 2015).

It should be noted that the selected threshold may have been
too stringent for our modest sample size; thus no direct group
differences were found for other subcortical structures of inter-
est. We followed up with a secondary analysis of the ‘Self[HSR] vs
Other[HSR]’ contrast using a more liberal threshold of P < 0.005 to
explore clusters that may have fallen short of reaching signifi-
cance in our initial analysis. By lowering the threshold slightly,
we found significantly higher activation in controls in regions
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B. Self [LSR] vs Other [LSR]

A. Self [HSR] us Other [HSR]

MNI Coordinates

MNI Coordinates

X
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Cluster size

t-value

BA

Brain region

Controls

Cluster size

t-value

BA H

Brain region
Controls

Schizophrenia
Postcentral
Precentral

3528
1770
1338
248

4.29
4.03
3.58
3.44
4.00
3.74
3.22
3.70
3.33

58
-18
-22
-12

-14

Precuneus
Insula

3823

6.91
6.

38
40
-16
-12

-20
-12

48

12
18

30
34
24
10
22
30
-24
-30

13
47

3381

77

60
—46
—46
—40
—44
—40

No significant activation

Superior temporal pole

Amygdala

1690
1285
1173
3526
4863

5.62
3.58
5.55
5.29
5.00

30
18

—66

Inferior frontal, pars orbitalis
Superior temporal pole

Angular

38
39

2134
4056

38
50
52
24
26

34
20
24
—48
—54

Superior medial frontal

Superior frontal
Middle frontal

34
36
34

Precentral

5104
1526
1173

12

Middle frontal

31
39

Posterior cingulum

Angular

Controls > Schizophrenia
Schizophrenia>Controls

No significant activation

No significant activation

Schizophrenia>Controls

Abbreviations: BA, Brodmann'’s area; H, hemisphere; L, left; R, right; B, bilateral. x-, y- and z- coordinates of local maxima are reported in MNI space. Significant activations reflect a threshold of P < 0.001 and cluster-extent threshold

of 80 voxels. Additional subthreshold clusters have been reported for the Self[HSR] vs Other[HSR] contrast (Panel A) directly comparing controls and patients, with a threshold of P < 0.005, and a resampled cluster size of 120 voxels.

falling in line with our initial hypotheses (i.e. mPFC), as well as
regions strongly implicated in valence processing (i.e. amygdala,
insula). We incorporated these new ROIs with our initial findings
of significant differential activation in the right parietal lobe (i.e.
middle cingulum, AG) to survey activation patterns across condi-
tions of interest (particularly, conditions underlying ‘self and
‘HSR’ processing). In this manner, we were able to disentangle
the directionality of activation patterns between groups within
the aforementioned regions, revealing particularly striking re-
sults within the right amygdala and anterior insula. Specifically,
the right anterior insula emerged as a potential biological link be-
tween neural response patterns and subjective experience of
receiving positive feedback, such that lower activation within
this region corresponded to lower HSR ratings. Notably, this rela-
tionship was specific to the patient group, suggesting that higher
right insular activation, approximating levels seen in controls,
may be related to a more positive experience of social reward.
Previous reports have claimed there is a prominent reduction in
connectivity between the amygdala and insula, as well as global
abnormalities in the insula-anterior cingulate network for the
processing of salient stimuli (Gradin et al., 2013; Mukherjee et al.,
2014). A recent report has also highlighted the right anterior in-
sula as a significant predictor of cognition (Sheffield et al., 2015),
providing support to our findings of a potential association be-
tween this region and social reward processing.

Convincing participants their personality would be
evaluated targeted a highly socially relevant construct of repu-
tation. Being mindful of one’s own reputation involves con-
structing a representation of how others view us, and requires
meta-knowledge of the self (Ochsner et al., 2005). As inherently
social beings, individuals are acutely aware of the social envir-
onment and the relative reputation each person holds within
their peer group. At the neural level, our patient group did not
show clear discrimination of the self-other dichotomy in re-
gions that have been implicated in self-processing, such as cor-
tical midline structures and associated limbic regions. However,
our behavioural results indicate that subjective response to
positive feedback can be linked to other domains of pleasure
and abstract reward in patients, suggesting that a treatment ap-
proach targeting these constructs more globally may yield ef-
fective outcomes for patients with schizophrenia.

It is acknowledged that the presented results are limited
by a small sample size. This restricted us from uncovering
which regions were more highly activated in controls com-
pared with patients, and vice versa, when using a conven-
tional stringent threshold for significant activation, although
we uncovered additional findings upon application of a more
liberal threshold. Thus, our findings are exploratory in na-
ture but still hold value for directing future work in social
cognitive mechanisms underlying mental health disorders
such as schizophrenia. Additionally, patients reached a sig-
nificantly lower level of educational achievement compared
with controls but it is unlikely that differences in intelligence
levels contributed to our results, as 1.Q. scores fell within the
average range in our patient group. Finally, both Anglophone
and Francophone participants were included in this study.
However, English and French versions of each clinical and
behavioural measure included in our methods have previ-
ously been shown to be equivalent in terms of validity and
reliability. The words chosen for HSR and LSR conditions
were also carefully selected for each version of the fMRI task
to ensure consistency in presented reward levels; thus, it is
improbable that language differences played a role in ex-
plaining our findings.
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Conclusion

The presented findings suggest differential brain activation in
patients with schizophrenia when receiving an abstract social
reward, compared with healthy controls. Individuals with
schizophrenia seem to exhibit differential involvement of
midline cortical structures and parietal regions relative to con-
trols, which has possible links with emotional response to so-
cial rewards. Our results suggest that at the neural level,
patients show altered cognitive processing regarding their so-
cial reputation, accompanied by subtle differences in their
subjective emotional responses to varying levels of reward
presented in an evaluative context. Social cognition is not a
unitary construct and relies on various neural circuits, of
which certain brain structures may be inconsistently activated
in schizophrenia. With increased knowledge of the sociocogni-
tive impairments characterizing schizophrenia, future treat-
ment plans may benefit from incorporating a more socially
directed component into applied behavioural therapies, with
the ultimate aim of facilitating prosocial behaviours among
patients.
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