
Electrophysiological Correlates of Emotional Responding in
Schizophrenia

William P. Horan,
VA Greater Los Angeles Healthcare System, University of California, Los Angeles

Jonathan K. Wynn,
VA Greater Los Angeles Healthcare System, University of California, Los Angeles

Ann M. Kring,
University of California, Berkeley

Robert F. Simons, and
University of Delaware

Michael F. Green
University of California, Los Angeles VA, Greater Los Angeles Healthcare System

Abstract
People with schizophrenia consistently report normal levels of pleasant emotion when exposed to
evocative stimuli, suggesting intact consummatory pleasure. However, little is known about the
neural correlates and time course of emotion in schizophrenia. This study used a well-validated
affective picture viewing task that elicits a characteristic pattern of Event Related Potentials (ERP)
from early to later processing stages (i.e., P1, P2, P3, and Late Positive Potentials (LPP)). Thirty
eight stabilized schizophrenia outpatients and 36 healthy controls viewed standardized pleasant,
unpleasant, and neural pictures while ERPs were recorded, and subsequently rated their emotional
responses to the stimuli. Patients and controls responded to the pictures similarly in terms of their
valence ratings, as well as the initial ERP components (P1, P2, and P3). However, at the later LPP
component (500 – 1000 ms), patients displayed diminished electrophysiological discrimination
between pleasant versus neutral stimuli. This pattern suggests that patients demonstrate normal self-
reported emotional experience and intact initial sensory processing of and resource allocation to
emotional stimuli. However, they show a disruption in a later component associated with sustained
attentional processing of emotional stimuli.
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Anhedonia, historically defined as the diminished capacity to experience pleasure, is widely
regarded as a core negative symptom of schizophrenia (Kirkpatrick, Fenton, Carpenter, &
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Marder, 2006). Clinically, anhedonia manifests as a treatment-resistant emotional disturbance
that is common throughout the course of illness and a key determinant of poor functional
outcome (Horan, Blanchard, & Kring, 2006). Research into anhedonia has expanded
considerably over the past decade and has revealed a seemingly paradoxical set of findings.
On the one hand, people with schizophrenia report experiencing generally low levels of
pleasure based on clinical interviews, self-report trait measures, and naturalistic studies using
the experience sampling method (Horan, Blanchard, Clark, & Green, 2008; Horan et al.,
2006). On the other hand, they consistently report experiencing levels of pleasant emotions
that are similar to non-patients in laboratory studies that use evocative stimuli (Kring & Moran,
2008). The overall pattern suggests that people with schizophrenia are indeed capable of
experiencing a normal range and intensity of pleasant emotions to evocative stimuli, yet for
some reason experience generally low levels of pleasure in their daily lives.

One promising explanation for this apparent discrepancy is that only certain subcomponents
of hedonic experience are disrupted in schizophrenia. Building on affective neuroscience
models that distinguish among neurally dissociable hedonic processes (Berridge & Robinson,
1998, 2003; Knutson, Fong, Adams, Varner, & Hommer, 2001; O’Doherty, Kringelbach,
Rolls, Hornak, & Andrews, 2001), Kring (Kring, 1999) proposed that schizophrenia may be
characterized by intact “consummatory pleasure”, which refers to pleasure derived from
engaging in an enjoyable activity, but impaired “anticipatory pleasure”, referring to pleasure
derived from anticipating that an activity will be enjoyable (Depue & Iacono, 1989; Gray,
1987; Klein, 1984). In support of this hypothesis, an initial report from our group (Gard, Kring,
Gard, Horan, & Green, 2007) found that schizophrenia patients reported comparable levels of
consummatory pleasure, but lower levels of anticipatory pleasure, than healthy controls in the
course of daily life (using the experience sampling method) and on a self-report trait measure
that distinguishes these components of hedonic experience (Gard, Germans-Gard, Kring, &
John, 2006).

To date, the vast majority of research into emotional experience in schizophrenia is based on
self-report data (Kring & Moran, 2008). However, relying solely on self-reported experience
is limiting for several reasons. First, self-report may be subject to potential biases (e.g., fallible
memory, demand characteristics, and response biases), though this is equally true for people
with and without schizophrenia. Second, emotion is thought to comprise multiple components
in addition to self-reported experience, including expressive, autonomic, electrocortical, and
cerebral blood flow changes (Mauss & Robinson, 2009). The burgeoning affective
neuroscience literature has used neuroimaging and electrophysiology to advance this line of
research to the neural level of analysis (Bradley & Lang, 2007; Wager et al., 2008). Affective
neuroscientists have developed electrophysiological paradigms to study the time course and
topography of neural responses to emotional stimuli. Event Related Potentials (ERPs) provide
a direct measure of neural activity on the order of milliseconds and are particularly well suited
to investigate temporal aspects of emotion processing. ERP methods isolate early- (i.e., less
than about 200 ms), middle- (about 200-300 ms) and late-latency (greater than about 300 ms)
components of responses following stimulus onset, thus allowing for careful consideration of
time course. Although ERP’s have been extensively used to study various aspects of cognitive
and perceptual processing in schizophrenia (e.g., (Jeon & Polich, 2003; Turetsky et al., 2007;
Wynn, Lee, Horan, & Green, 2008)), they have rarely been applied to investigate emotional
disturbances associated with this disorder.

The current study used a multi-method assessment of emotional responding in schizophrenia
by applying a well-validated picture viewing paradigm that robustly elicits characteristic ERPs
to emotional versus neutral stimuli in healthy individuals (for a review see (Olofsson, Nordin,
Sequeira, & Polich, 2008)). In this passive picture viewing paradigm, participants are shown
a series of standardized pleasant, unpleasant, and neutral photos from the International
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Affective Picture Set (IAPS; (Lang, Bradley, & Cuthbert, 1999)). ERP’s are recorded to picture
onset and self-report ratings of emotional experience to the pictures are subsequently collected.

Two late-latency ERP components reliably demonstrate sensitivity to the emotionally arousing
nature of pleasant and unpleasant pictures in healthy subjects (see (Olofsson et al., 2008) for
a review). First, starting around 300 ms post-onset, the amplitude of an ERP component
commonly labeled “P3” is significantly larger for both pleasant and unpleasant pictures as
compared to neutral pictures. Subsequently, a slow sustained positivity, termed the “Late
Positive Potential” (LPP; beginning about 500 ms), is maintained for pleasant and unpleasant
pictures for at least several hundred milliseconds. The P3 and LPP components of the ERP are
typically maximal at mid-line and parietal electrodes. The valence-sensitive ERP amplitudes
in this paradigm are typically interpreted to reflect “motivated attention”, meaning that basic
motivational appetitive and defensive brain systems are preferentially engaged by pleasant and
unpleasant pictures, respectively (Bradley & Lang, 2007). According to this account, the P3
and LPP enhancements reflect a relatively automatic increase in allocation of attentional
resources to, and sustained attentional processing of, motivationally relevant stimuli (Bradley
& Lang, 2007).

In addition to the consistent P3 and LPP enhancements to pleasant and unpleasant stimuli,
valence-related effects for some earlier ERP’s and lateralized responding are less frequently
reported for picture viewing paradigms in healthy subjects (see (Olofsson et al., 2008)).
Regarding early ERP’s, although the short-latency P1 (100-200 ms) response appears primarily
sensitive to sensory properties of the stimuli, several studies demonstrate enhanced P2
(200-300 ms) responses to pleasant compared to unpleasant and neutral stimuli. Theoretically,
the mid-latency P2 enhancement for pleasant stimuli is believed to reflect selective attention
to affective images that are assumed to be of intrinsic relevance. Regarding laterality, some
studies have reported either greater overall right hemisphere activation or valence-specific
effects (i.e., greater left hemisphere activation for pleasant vs. greater right activation for
unpleasant pictures (Cunningham, Espinet, DeYoung, & Zelazo, 2005; Dolcos & Cabeza,
2002)), though laterality effects are inconsistently reported.

The primary goal of this study was to further evaluate emotional responding in schizophrenia
at multiple levels. Specifically, the goal was to determine whether patients’ ERP responses to
pleasant versus neutral stimuli match their typically normal self-reported emotional experience.
To test the main study hypotheses, we focused on the late-latency P3 and LPP ERP components,
which have most consistently demonstrated sensitivity to emotional picture content. The
inclusion of unpleasant stimuli permits a comprehensive examination of emotional responding
and addresses another discrepancy in the schizophrenia research literature -namely, that
patients typically report normal levels of unpleasant emotions in response to evocative stimuli,
yet report elevated levels of trait negativity (Horan, Blanchard et al., 2008). We evaluated two
competing hypotheses: 1) patients and controls will demonstrate comparable patterns for P3
and LPP (elevated amplitudes for pleasant and unpleasant stimuli compared to neutral stimuli),
consistent with laboratory studies showing comparable self-reported emotional responses to
stimuli, or 2) patients will show smaller P3 and LPP’s for pleasant stimuli and larger for
unpleasant stimuli compared with controls, consistent with their self-reports of low trait
positive affectivity and elevated trait negative affectivity. A secondary goal was to examine
potential between-group differences in P1, P2, and laterality effects which, as described above,
have been less reliably established. We examined whether both groups demonstrated larger P2
responses to pleasant versus neutral stimuli and greater right versus left hemisphere responding.
Finally, within the schizophrenia group, we evaluated whether trait anhedonia and clinically
rated negative symptoms were related to behavioral and ERP responses in the picture viewing
task.
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Methods
Participants

Forty-nine stabilized outpatients with schizophrenia and 41 healthy control subjects
participated in the study. Eleven patients and 5 controls were excluded from the analyses due
to not having a sufficient number of acceptable EEG trials (see below). Thus, the final sample
consisted of 38 patients and 36 controls. Schizophrenia patients were recruited from outpatient
treatment clinics at the Veterans Affairs (VA) Greater Los Angeles Healthcare System and
through presentations in the community. Patients met criteria for schizophrenia based on the
Structured Clinical Interview for DSM-IV Axis I Disorders (SCID; (First, Gibbon, Spitzer, &
Williams, 1996)). Exclusion criteria for patients included: substance abuse or dependence in
the last six months; mental retardation; a history of loss of consciousness for more than one
hour; an identifiable neurological disorder; or insufficient fluency in English. Thirty-two
patients were receiving atypical antipsychotic medications, two patients were receiving typical
antipsychotic medications, and two were receiving both types of medication. Four patients
were prescribed benzodiazepines, and these patients were asked to refrain from taking these
medications on the day of testing (i.e., at least 12 hr before assessment). Ten patients were
prescribed anticholinergic medications (of these, three took typical antipsychotics, four took
risperidone, 2 took aripiprazole, and 1 took olanzapine).

Nonpatient control participants were recruited through newspaper advertisements and flyers
posted in the local community. Control participants were screened with the SCID and SCID
II (First, Gibbon, Spitzer, Williams, & Benjamin, 1996) and were excluded if they met criteria
for any psychotic disorder; bipolar mood disorder; recurrent depression (defined as more than
a single major depressive episode); substance dependence; or paranoid, schizotypal, or schizoid
personality disorder. Control participants were also excluded if there was any evidence
(according to participant report) of a history of psychotic disorder among their first-degree
relatives. Additional exclusion criteria for all patients and control participants included age
less than 18 or over 55 years, active substance use disorder in the past 6 months, identifiable
neurological disorder, mental retardation, or seizure disorder.

All participants had the capacity to give informed consent and provided written informed
consent after all procedures were fully explained in accordance with procedures approved by
the Institutional Review Boards at UCLA and the VA Greater Los Angeles Healthcare System.

Clinical Ratings
Brief Psychiatric Rating Scale (BPRS)—For all patients, psychiatric symptoms during
the previous month were rated using the expanded 24-item UCLA version of the BPRS (Lukoff,
Nuechterlein, & Ventura, 1986; Overall & Gorham, 1962) by a trained rater. Each item is rated
on a scale ranging from 1 – 7. Five empirically derived subscales scores were calculated (based
on the mean of items comprising the scale (Guy, 1976)).

Scale for the Assessment of Negative Symptoms (SANS)—Negative symptoms
during the preceding month were evaluated using the SANS (Andreasen, 1984). Four SANS
global scales were used in the current study: Affective flattening, Alogia, Anhedonia-
Asociality, and Avolition-Apathy. The SANS Attention scale was not included in the current
analyses given findings suggesting that this scale is not conceptually related to the negative
symptom complex (Blanchard & Cohen, 2006).

All SCID, BPRS, and SANS interviewers were trained through the Treatment Unit of the
Department of Veterans Affairs VISN 22 Mental Illness Research, Education, and Clinical
Center (MIRECC) based on established procedures (Ventura, Green, Shaner, & Liberman,
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1993; Ventura, LIberman, Green, & Shaner, 1998). The process included formal didactics,
achieving a minimum level of reliability using an extensive library of videotaped interviews
as well as live, co-rated interviews conducted with faculty members. After certification, all
raters participated in a continuous quality assurance program that involved periodic reliability
checks and co-rated live interview with faculty.

Trait measures
Anhedonia Measures—All participants completed the Revised Social Anhedonia Scale
(RSAS; (Eckblad, Chapman, Chapman, & Mishlove, 1982)) and the Physical Anhedonia Scale
(PAS; (Chapman & Chapman, 1978)). These scales demonstrate good psychometric properties
and have been extensively utilized in schizophrenia (Edell, 1995). For the RSAS, coefficient
alphas were .90 for patients and .84 for controls. For the PAS, coefficient alphas were .80 for
patients and .84 for controls.

Procedures
Participants performed an affective picture viewing task similar to that described in Cuthbert
et al. (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000). Twenty pleasant, unpleasant,
and neutral pictures were selected from the IAPS (Lang et al., 1999). Local IRB constraints
led us to exclude pictures with extremely graphic scenes involving weapons, violence, physical
injuries/deformities, or nudity. The IAPS pictures depicted a wide range of social and non-
social content, including erotica, people embracing, sports scenes, babies, animals (fierce or
cute), upset or ill people, car accidents, pollution, storms, and common household objects1.
The three types of pictures differed on mean normative ratings (9-point scales, pleasant high)
of valence (pleasant: M = 7.65, [SD = .34]; neutral: 4.92 [.22]; unpleasant: 2.95 [.62]). In
addition, the emotional pictures were higher on normative arousal ratings (pleasant: 5.09 [.81];
unpleasant: 5.83 [.78]; neutral: 3.07 [.59]). Each picture was shown in a randomized order and
was presented twice, for a total of 40 trials for each valence. Stimuli were presented on a 17”
CRT monitor positioned 1 m in front of the participant. Stimuli presentation and
synchronization was administered through E-Prime v1.1 (PST Technologies, Pittsburgh, PA).

Each trial began with a 500 ms fixation screen followed by a blank, white screen presented for
300 ms. A picture was then shown for 6 s. The intertrial interval ranged from 8 – 10 s. The
total recording session lasted for approximately 30 minutes. Participants were instructed to
simply view the pictures.

After the EEG recording session, participants re-viewed the pictures and reported on their
emotional experience. Each picture was presented on the screen for a maximum of 10 s.
Participants were instructed to view the pictures and press the spacebar on a keyboard when
they were ready to make their experience rating; if the participant did not press the spacebar
within 10 s the picture ended and the participant was prompted to make their experience rating.
The number of timed out trials was low for both patients (M = .86, SE = .28) and controls (M
= .31, SE = .29); preliminary analyses revealed no group, picture type, or interaction effects
(all F’s < 1.84, p’s > .05). Time to pressing the spacebar was computed as picture viewing
time. Separate valence and arousal ratings were collected using a computerized modification
of the Self Assessment Manikin (Lang, 1985). Ratings were performed on a 1-9 Likert scale,
with scores ranging from very unpleasant/unarousing (a score of 1) to very pleasant/arousing
(a score of 9). After the participant made his/her rating, the next picture was presented.

1The following IAPS pictures were used: Pleasant: 1340, 1710, 2040, 2070, 2071, 2150, 2165, 2170, 2208, 2260, 2299, 2345, 4622,
5470, 8370, 8380, 8470, 8496, 8497, 8502; Unpleasant: 1050, 1052, 1120, 1205, 1220, 1525, 1930, 2095, 2750, 3160, 5971, 9300, 9341,
9342, 9495, 9520, 9600, 9620, 9910, 9911; Neutral: 2191, 2200, 2214, 2381, 2393, 2440, 2480, 2487, 2595, 2880, 7002, 7009, 7010,
7020, 7025, 7030, 7040, 7211, 7233.
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EEG Recording and processing—Participants’ EEG activity was continuously recorded
during the picture viewing task. EEG activity was collected using a 64-channel Neuroscan
SynAmps2 amplifier and a Neuroscan 64-channel QuickCap (Compumedics USA, Charlotte,
NC). Data were sampled at 500 Hz with filter settings of 0 to 100 Hz in DC acquisition mode.
64 cap-mounted, equidistant sintered Ag-AgCl electrodes were positioned in the QuickCap
using the 10-20 international placement system. Additionally, four electrodes were used to
measure horizontal electrooculogram (EOG; placed on the outer canthus of the left and right
eye) and vertical EOG (placed above and below the left eye). All electrodes were referenced
to a point halfway between electrodes Cz and CPz and a forehead ground was employed. All
electrodes were re-referenced offline to the left and right mastoids.

All data were processed offline using Neuroscan Scan 4.3 software. Eyeblinks were removed
from the data using established mathematical procedures (Semlitsch, Anderer, Schuster, &
Presslich, 1986). Data were low-pass filtered at 20 Hz and then epoched to 100 ms pre- and
1000 ms post-stimulus. Baseline correction on the 100 ms prior to stimulus presentation was
applied. Artifact rejection was performed for any trial that exceeded +/- 100 μV at electrode
sites FP1, FPz, FP2, AF3, AF4, F7, F3, Fz, F4, F8, FT7, FCz, FT8, T7, C3, Cz, C4, T8, CPz,
P7, P8, P3, Pz, P4, O1 and O2. Participants with more than 50% of the total trials rejected using
these criteria were excluded from the analyses. Eleven patients and five controls met these
criteria and were not included in the analyses. For the remainder of participants, a mean (SE)
of 78.2 (2.0) % of trials were accepted for schizophrenia patients and 82.4 (2.0) % for controls.
Preliminary analyses revealed no group, picture type, or interaction effects for number of
acceptable trials (all F’s < 2.23, p’s > .05).

Guided by prior studies (e.g., (Cuthbert et al., 2000; Olofsson et al., 2008)), ERP waveforms
were created by averaging all accepted trials separately for each picture valence at electrodes
F3, Fz, F4, C3, Cz, C4, P3, Pz and P4. Four ERP components were identified (based on visual
inspection of the waveforms) in the following time intervals: 1) P1: mean amplitude in the
range of 60-120 ms; 2) P2: mean amplitude in the time range of 150-250 ms; 3) P3: mean
activity in the time range of 250-500 ms; 4) LPP: mean amplitude in the range of 500-1000
ms.

Data Analysis
For demographic and self-report trait data, group differences for continuous variables were
evaluated with t-tests and for categorical variables with chi-square tests. For behavioral data
from the picture viewing task, separate 2 (group: patients, controls) × 3 (picture type: pleasant,
unpleasant, neutral) ANOVAs were used to examine valence ratings, arousal ratings, and
viewing times. Follow-up contrasts for each analysis were Bonferroni-corrected for multiple
comparisons. Descriptive data are presented in the text as means with corresponding standard
errors.

Analyses of the ERP data were conducted in two phases. The primary analyses focused on the
three midline electrodes (Fz, Cz, Pz), which are the sites where ERP responses are typically
maximal in this paradigm. For each ERP component (i.e., P1, P2, P3, LPP), a 2 (group) × 3
(picture type: pleasant, unpleasant, neutral) × 3 (caudality: Fz, Cz, Pz) repeated measures
ANOVA was run. The secondary analyses examined laterality effects, which have been less
consistently identified in this paradigm. These analyses used the six off-mid-line electrode
sites. For each ERP component (i.e., P1, P2, P3, LPP), a 2 (group) × 3 (picture type) × 2
(laterality: left [average across F3, C3, P3], right [average across F4, C4, P4]) repeated
measures ANOVA was run. For both ERP data analysis phases, Greenhouse-Geisser epsilon
corrections were used for repeated-measures analyses with more than one degree of freedom.
In these cases, we report the uncorrected degrees of freedom and the corrected p values. Follow-
up contrasts for each ERP analysis were Bonferroni-corrected for multiple comparisons.
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Descriptive data are presented as means with corresponding standard errors. Effect sizes are
presented as Cohen’s partial eta squared (ηp

2), which corresponds to the following conventions:
small (.01), medium, (.06) and large (.14) (J. Cohen, 1988).

Finally, within the schizophrenia group, exploratory correlational analyses examined relations
between self-reported trait anhedonia, negative symptoms, and the behavioral and ERP
variables from the picture viewing task with Pearson correlation coefficients. From the picture
viewing task, the nine behavioral variables (valence ratings, arousal ratings, and viewing time
for each picture type) were included. In addition, 12 ERP variables derived from the primary
analyses that focused on midline electrodes were included (i.e., average across electrodes Pz,
Cz, Fz for pleasant, unpleasant, and neutral picture types for P1, P2, P3, and LPP). All
correlation analyses used a two-tailed significance level of 0.05.

Results
Group characteristics

Demographic information and trait anhedonia scores for both groups and symptom ratings for
the schizophrenia patients are presented in Table 1. The groups did not significantly differ in
sex composition, marital status, or parental education level. However, the patients were older
and had higher education levels than controls. (This project attempted to match subjects on
parental education, not personal education). On the trait measures, patients reported higher
social and physical anhedonia than controls. Finally, the patients had a typical age of onset and
showed mild to moderate levels of clinical symptoms at the time of testing.

In light of group differences in age and education, preliminary analyses examined whether
these demographic characteristics significantly correlated with the nine behavioral variables
or the 12 primary ERP variables from the picture viewing paradigm within each group. For the
behavioral data across groups, one of the 18 correlations was significant in the patients (neutral
picture viewing times correlated -.33 with age [p < .05]) and two of the 18 were significant in
controls (arousal ratings for unpleasant pictures correlated -.39 with age and .36 with education
[p’s < .05]). For ERP data across groups, one of the 24 correlations was significant in the
patients (LPP in the unpleasant condition correlated .34 with education [p < .05] and two of
the 24 correlations were significant in the controls (age correlated .46 [p < .01] with P2 in the
pleasant condition and education correlate .37 [p < .05] with P1 in the neutral condition). Given
these generally negligible relations and the fact that the groups did not differ in parental
education, age and education were not considered further in the analyses.

Picture viewing paradigm
Behavioral data—Descriptive information and results of statistical tests are presented in
Table 2. For valence ratings, there was a significant main effect of valence but no group or
interaction effects. Across groups, there were differences between each valence condition, with
mean valence ratings highest for pleasant pictures, followed by neutral and unpleasant pictures.
For arousal, there were significant effects for valence and for the valence × group interaction,
but a non-significant group effect. Controls reported higher arousal experience in response to
pleasant pictures than unpleasant pictures, and higher arousal in response to unpleasant pictures
than neutral pictures. However, patients reported higher arousal experience in response to
pleasant pictures than to unpleasant and neutral pictures, but patients did not report higher
arousal in response to unpleasant compared to neutral pictures. For viewing time, there was a
significant valence effect but no significant group or interaction effects. Across groups, there
were differences between each condition, with viewing times longest for unpleasant pictures,
intermediate for pleasant pictures, and shortest for neutral pictures.
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ERP Analyses
Midline electrodes—Figure 1 shows the overall waveforms for each valence at each midline
electrode for both groups. Results of the 2 (group) × 3 (picture type) × 3 (caudality: Fz, Cz,
Pz) repeated measures ANOVA’s for each ERP component (P1, P2, P3, LPP) are summarized
in Table 3. As detailed in the following sections, there were no significant group main effects
or interactions involving group except for the late-latency LPP component.

P1: There was a significant main effect for caudality, as well as a significant valence × caudality
interaction. Follow-up comparisons for the caudality effect revealed larger amplitude responses
at Pz (.35 [SE = .19]) than at Cz (-1.00 [.18]) and Fz (-1.22 [.22]), which did not differ from
each other. The picture type × caudality interaction was due to the following: for the pleasant
and unpleasant conditions, the amplitude at Pz was greater than Fz; for the neutral condition,
the amplitude at Pz was greater than both Cz and Fz.

P2: There were significant main effects for valence and caudality. For the valence effect, P2
was significantly larger in the pleasant (1.05 [0.32]) than the neutral (0.43 [0.33]) condition,
while neither differed from the negative condition (0.81 [0.32]). The caudality effect revealed
significant differences among all three regions with amplitudes largest at Pz (2.68 [.30]),
intermediate at Cz (.31 [.31]) and smallest at Fz (-.87 [.39]).

P3: There were also significant valence and caudality main effects for P3. For the valence
effect, activity during the pleasant (1.14 [0.46]) and unpleasant (1.59 [0.46]) conditions, which
did not differ from each other, were both significantly larger than the neutral (0.21 [0.45])
condition. The caudality effect revealed differences among all three regions, with amplitudes
largest for Pz (3.65 [.39]), intermediate for Cz (.78 [.51]), and smallest for Fz (-1.49 [.54]).

LPP: There were significant main effects of valence and caudality, as well as a significant
valence × group interaction. For the valence effect, the amplitude was larger during the pleasant
(3.06 [0.47]) and unpleasant (3.72 [0.46]) conditions than the neutral condition (1.44 [0.38]).
The caudality effect reflected significantly greater activity at Cz (3.53 [.45]) and Pz (3.42 [.
36]) than at Fz (1.28 [.51]).

The valence × group effect is displayed graphically in Figure 2. The significant interaction was
due to the following: within the control group, LPP’s were larger for the pleasant and unpleasant
pictures as compared to the neutral pictures; within the patient group, LPP’s were larger for
the unpleasant than the neutral pictures, but LPP’s during the pleasant and neutral pictures did
not differ. However, there were no significant between-group LPP differences for pleasant,
unpleasant, or neutral pictures (all t’s < 1.05, p’s > .05).

Since each IAPS picture was presented twice, a supplemental analysis examined whether the
apparent group differences in LPP might be attributable to differential group LPP responses
to the first picture block as compared to the second picture block. The analyses were re-run
with picture block (1 vs. 2) as a factor in the repeated measures ANOVA. There was a
significant overall block effect, F(1,72) = 4.89, p < .05, ηp

2 = .06), with LPPs smaller for block
1 (M = 2.43 SE = .45) than block 2 (M = 3.13, SE = .39). However, there were no significant
higher-order interactions between picture block and either picture type or group (all F’s < 3.86;
p’s < .05, ηp

2 < .02), indicating that the group differences in LPP were not attributable to
differential group responses across picture blocks.

In summary, both groups demonstrated a similar pattern for midline P1, P2, and P3 responses,
including generally maximal responses at electrode Pz, larger P2 amplitudes for pleasant than
neutral pictures, and larger P3 amplitudes for pleasant and unpleasant than neutral pictures.
However, the groups differed for the latest ERP component. Whereas controls showed larger
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LPP amplitudes for both pleasant and unpleasant than neutral pictures, patients showed larger
LPP amplitudes to unpleasant, but not pleasant, pictures compared to neutral pictures.

Laterality analyses—Results of the 2 (group) × 3 (valence) × 2 (laterality: left, right)
ANOVA’s for each ERP component (P1, P2, P3, LPP) are summarized in Table 4. There were
no significant group main effects or interactions with group except for the LPP, consistent with
midline electrode analyses.

P1: The significant laterality main effect reflected larger amplitude responses in the right (-.
13 [.14]) than the left (-.37 [.14]) hemisphere.

P2: The laterality main effect reflected larger responses in the right (1.00 [.25]) than left (.75
[.23]) hemisphere. The valence main effect reflected larger amplitude responses in the pleasant
(1.12 [.26]) and unpleasant (.95 [.25]) conditions than the neutral condition (.54 [.27])

P3: The laterality main effect reflected larger responses in the right (1.29 [.36]) than left (.86
[.32]) hemisphere. The valence main effect indicated P3’s were larger in the pleasant (1.19 [.
37]) and unpleasant (1.62 [.37]) conditions than the neutral condition (.42 [.35]). The valence
× laterality effect was due to the following: for the unpleasant condition, right amplitudes were
greater than left; for pleasant there was trend in the same direction; for neutral there was no
difference.

LPP: The valence main effect again reflected larger responses for the pleasant (2.57 [.40]) and
unpleasant (3.15 [.42]) conditions than the neutral condition (1.30 [.32]). The valence ×
laterality interaction was embedded in a three-way interaction involving group, which is
presented graphically in Figure 3. The interaction was due to the following: for the pleasant
condition, controls demonstrated greater left than right responses but patients showed no
laterality difference; for unpleasant and neutral, there were no laterality differences in either
group.

Thus, in line with analyses of the midline electrodes, the laterality analyses indicated a
disturbance in schizophrenia only for LPP, the latest ERP component examined. Specifically,
patients failed to show the lateralized responding to pleasant pictures (left > right) that was
present for controls.

Correlational analyses within the schizophrenia group
Within the schizophrenia group, exploratory analyses examined correlations between the trait
anhedonia scales and SANS negative symptoms on the one hand, and the behavioral and ERP
variables from the picture viewing task on the other. We were particularly interested in whether
trait anhedonia and clinically rated negative symptoms correlated with valence ratings and
ERPs in the pleasant condition. Only a few of the large number of correlations were statistically
significant (and medium in magnitude).

Table 5 summarizes the main results for correlations with behavioral data from the picture
viewing task. Higher trait physical anhedonia was correlated with less pleasant valence ratings
for pleasant and neutral pictures, and with lower arousal ratings for unpleasant pictures. Higher
trait social anhedonia was also correlated with less pleasant valence ratings for pleasant
pictures. For SANS ratings, higher Anhedonia/Asociality and Alogia were related to longer
viewing times for pleasant and unpleasant pictures.

Correlations with ERP variables indicated that trait physical anhedonia correlated only with
smaller P2 responses during the unpleasant condition (-.35). Scores on the trait social anhedonia
and SANS subscales were not significantly correlated with ERP variables
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Discussion
This study evaluated competing hypotheses about emotional responding in schizophrenia using
a well-validated ERP picture viewing paradigm that permits a fine-grained analysis of the
temporal course of emotional responding. Patients demonstrated a pattern of intact behavioral
responses (i.e., reported experience, viewing time) and initial ERPs. Despite reporting elevated
trait social and physical anhedonia, patients demonstrated valence experience ratings and P1,
P2, and P3 responses that were similar to controls for emotional versus neutral stimuli. These
similarities indicate that when patients are exposed to evocative stimuli, their self-reported
experience and initial electrocortical processing are intact. However, the patients’ neural
response to pleasant stimuli appears to go awry rather quickly, as they displayed diminished
differentiation between pleasant versus neutral stimuli during the late-latency (500 – 1000 ms)
LPP interval. This difference suggests a disturbance in the time course of responding to pleasant
stimuli in schizophrenia.

Behavioral data
The similarity in valence experience ratings between patients and controls converges with
many prior studies demonstrating comparable emotional experience during exposure to
evocative stimuli in schizophrenia (A. S. Cohen & Minor, in press; Kring & Moran, 2008).
Although schizophrenia patients consistently report diminished positive affect (particularly
anhedonia) and elevated negative affect on trait measures (Horan, Blanchard et al., 2008), they
do not report hypo- or hyper-responsivity when directly exposed to pleasant and unpleasant
stimuli, respectively. Within the schizophrenia group, self-reported and clinically-rated
anhedonia (and other negative symptoms) showed generally small correlations with valence
ratings, as has been previously reported (Horan, Blanchard et al., 2008).

The patients were also similar to controls in terms of their viewing times of the IAPS stimuli,
with both groups viewing emotional pictures longer than neutral pictures. We are not aware of
prior studies that examined picture viewing times in schizophrenia, and hence, do not have a
basis for comparison. Longer viewing time for emotional pictures has been interpreted to
indicate that participants find emotional pictures to be more interesting than neutral pictures
(Cuthbert, Bradley, & Lang, 1996; Lang, Greenwald, Bradley, & Hamm, 1993). Alternatively,
this may simply indicate that it takes longer to identify and rate the feelings that emotional
picture elicit. Regarding clinical correlates, it is interesting that higher levels of clinically-rated
anhedonia and alogia correlated with longer viewing times for pleasant and unpleasant pictures.
These findings, if replicated, support the notion that patients with these negative symptoms
engage in processing emotional stimuli when they are directly confronted with such stimuli,
even more so that patients with fewer negative symptoms. Speculatively, these relations might
reflect factors such as unusual scanning of visual stimuli or difficulty in labeling emotional
valence (e.g. alexithymia), both of which have been reported in schizophrenia (Quirk & Strauss,
2001; van ’t Wout, Aleman, Bermond, & Kahn, 2007).

ERP’s
The current study provides new evidence on the time course of emotional response in
schizophrenia by showing for the first time that the initial neural processing of evocative
stimuli, as reflected in the P1, P2, and P3 ERP’s, is also intact in schizophrenia. ERP methods,
which provide temporal resolution on the order of milliseconds, are particularly well-suited to
investigate the early stages of neural responding to emotional stimuli. Neither group
demonstrated valence-specific amplitude differences in the early-latency P1, which is sensitive
to physical stimulus factors and indexes early sensory processing (particularly within
extrastriate visual cortex). However, in line with prior studies, the middle-latency P2 and P3
ERP’s demonstrated sensitivity to valence in both groups. According to Lang’s motivated
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attention framework (Bradley & Lang, 2007), the P2 response reflects early stimulus
discrimination and response selection processes, with the enhanced response to emotional
pictures reflecting a relatively automatic attentional capture by emotionally arousing stimuli.
The enhanced P3 amplitude to emotional stimuli is thought to reflect greater allocation of
attentional resources to emotionally relevant stimuli. As with the valence ratings, there was no
evidence of hypo- or hyper-responsivity to pleasant or unpleasant stimuli in the schizophrenia
group among these three ERP components. The topography of P1, P2, and P3 responses was
also similar across groups, with maximal responses in central and parietal regions, and
generally larger responses in the right than left hemisphere. Overall, the ERP data for these
components suggest that patients’ reports of pleasure and displeasure experience are
accompanied by normal early stimulus processing, attentional capture, and initial resource
allocation processes in response to emotional stimuli.

Despite these similarities in initial processing, the patients differed from controls in terms of
valence-related amplitude differences and topography during the late-latency LPP interval. As
in prior studies (Olofsson et al., 2008), controls showed clearly enhanced LPP amplitudes for
pleasant and unpleasant as compared to neutral stimuli. However, the patients showed
significantly less LPP differentiation between pleasant versus neutral stimuli. Theoretically,
LPP enhancement is believed to index sustained attentional processing of motivationally
relevant stimuli (Bradley & Lang, 2007). For example, a recent study in healthy people used
a passive picture viewing task and found that heightened LPP for emotional stimuli persisted
800 – 1000 msec after picture offset, suggesting that the LPP was associated with a natural
inclination to continue processing the stimulus even when it was no longer displayed (Hajcak
& Olvet, 2008). Hence, the pattern of results for LPP suggests a disturbance in sustained
attentional processing of pleasant stimuli in schizophrenia.

Secondary analyses indicated that there was also a group difference in laterality during the LPP
interval. Since laterality effects have not been consistently reported in ERP picture viewing
paradigms, these findings should be interpreted cautiously. Controls demonstrated greater left
than right hemisphere responses for pleasant stimuli whereas patients did not demonstrate any
laterality effect. Similar laterally effects have only occasionally been reported (e.g.,
(Cunningham et al., 2005; Dolcos & Cabeza, 2002)). Although not a common finding, the left
> right asymmetry of LPP in controls is consistent with neuropsychological models that
propose relative left hemisphere specialization for pleasant emotion/approach motivational
processing (particularly in frontal regions; (Davidson & Irwin, 1999; Heller, Nitschke, &
Miller, 1998)). In addition, the absence of such laterality in schizophrenia patients is consistent
with a wide variety of laterality studies (Green, Sergi, & Kern, 2003).

Drawing on the affective neuroscience literature, the schizophrenia patients’ pattern of intact
ERP’s during initial processing stages but diminished differentiation between pleasant versus
neutral stimuli during the LPP points toward a disturbance in “affective chronometry”.
Affective chronometry refers to parameters that vary over the time course of emotional
responding, including the rise time to peak magnitude and duration of emotion response
following emotional provocation (Davidson, 1998). The task used in this study is particularly
well suited to studying affective chronometry. The earlier components involve relatively more
stimulus-driven processes, and the later components involve relatively more cognitive
evaluation and controlled resources. Consistent with this view, recent studies have shown that
these later ERP components (>500 ms) are susceptible to top-down attentional and emotion
regulation influences (Foti & Hajcak, 2008; Hajcak & Nieuwenhuis, 2006; Moser, Hajcak,
Bukay, & Simons, 2006). In schizophrenia, two preliminary reports also support the current
study’s findings. In one study, schizophrenia patients showed the same linear modulation of
the eyeblink component of the startle reflex as did healthy controls while viewing emotional
pictures, with responses biggest to unpleasant pictures and smallest to pleasant pictures.
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However, controls maintained this pattern of responding 2.5 s after the picture was removed
from view, whereas schizophrenia patients did not (Kring, Germans-Gard, & Gard, in
preparation). In a second study, schizophrenia patients and healthy controls showed
comparable BOLD responses in orbitofrontal cortex (OFC) to pleasant versus neutral pictures
during picture viewing. However, healthy controls demonstrated sustained activation in OFC
as well as in dorsolateral prefrontal cortex (DLPFC) once the picture was removed from view
up to 12.5 s later, but schizophrenia patients failed to do so (Ursu et al., in preparation). Taken
together, these findings support intact in-the-moment responses among people with
schizophrenia but a disturbance in sustained emotional responding.

The current findings are broadly consistent with prior studies demonstrating disconnects among
emotional response components in schizophrenia. For example, it is well documented that
individuals with schizophrenia are markedly less expressive than healthy controls, yet do not
differ as much, or as consistently, with respect to reported emotional experience or autonomic
physiology (see (Kring & Moran, 2008)). In line with the current study, a handful of ERP and
fMRI studies indicate that normal self-reported emotional responses to evocative stimuli are
not accompanied by fully normal central nervous system responses (e.g., (Crespo-Facorro et
al., 2001; Morris, Heerey, Gold, & Holroyd, 2008; Paradiso et al., 2003; Waltz et al., 2009).
Theoretically, coherence among emotional response components is believed to facilitate
adaptive responses to environmental demands, although basic affective science research
indicates that relations among components are complex (Mauss, Levenson, McCarter,
Wilhelm, & Gross, 2005; Mauss & Robinson, 2009). The construct of “emotion” cannot be
captured with any one measure alone, and additional studies that assess multiple components
will help clarify emotional response abnormalities in schizophrenia.

The current findings also converge with studies demonstrating that clinical ratings of negative
symptoms are only weakly or non-significantly related to laboratory measures and self-report
trait measures of emotional responding in schizophrenia. In looking at emotional responding
in schizophrenia, one gets different answers when one uses different methods. For example,
studies using affective neuroscience paradigms in schizophrenia challenge longstanding
clinical perspectives on negative symptoms. In contrast to a historical definition that has viewed
anhedonia as a global incapacity to experience pleasure, studies from affective neuroscience
reliably indicate that some aspects of emotional responding to pleasant stimuli are intact (Gold,
Waltz, Prentice, Morris, & Heerey, 2008; Kring & Moran, 2008). There is a consensus that
new clinical rating scales of negative symptoms in schizophrenia that are informed by affective
neuroscience are needed for making progress in understanding and treating negative symptoms
(Kirkpatrick et al., 2006). A recently funded NIMH multi-site study “Collaboration to Advance
Negative Symptom Assessment in Schizophrenia” is designed to develop a new assessment
instrument that addresses such conceptual limitations of current available rating scales.

Additional considerations and implications
Some methodological issues and sample limitations should be considered. The range of arousal
reflected in the stimuli used in this study is somewhat truncated compared to most prior studies
due to the exclusion of some of the more highly arousing IAPS pictures. While the selected
pictures might more closely approximate the emotional experiences that patients are likely to
encounter in their daily lives, it possible that a different pattern of responses would be found
for more highly arousing stimuli. Along these lines, there was an unexpected between-group
difference in arousal ratings; controls reported higher arousal for unpleasant versus neutral
pictures but patients did not. Among the few prior studies that examined arousal ratings for
IAPS stimuli in schizophrenia, most found normal arousal ratings (see (Herbener, Song, Khine,
& Sweeney, 2008)). Although Burbridge and Barch (Burbridge & Barch, 2007) also found
lower arousal ratings for unpleasant stimuli, this finding should be interpreted with caution
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and further evaluated. Studies that assess both self-report and psychophysiology (e.g., heart
rate, skin conductance) could shed light on this issue. An additional limitation concerns the
correlational analyses with symptoms and trait anhedonia. Only a few of the many correlations
were significant, which could reflect a Type 1 error. As noted above, we regard these as
exploratory analyses that require replication.

Regarding sample characteristics, the patients were taking various antipsychotic medications
at clinically determined dosages. The effects of antipsychotic medications on emotional
experience are not clear, although evidence suggests such effects are minimal (Berenbaum &
Oltmanns, 1992; Kring & Earnst, 1999; Kring & Neale, 1996). In addition, the patients were
older than controls, though age showed generally negligible correlations with the behavioral
and ERP variables. Finally, participants were predominantly male, which precluded a
meaningful examination of potential sex differences in emotional responding.

Clinically, patients’ normal self-reported experiences of pleasure may be regarded as a relative
strength to build upon in psychosocial interventions to address negative symptoms. For
example, it may be useful to encourage patients to attend to their feelings of pleasure, providing
a basis for engaging in increasingly complex behavioral activation exercises and building
personal resources (Beck, Rector, Stolar, & Grant, 2009; Fredrickson, Cohn, Coffey, Pek, &
Finkel, 2008). If maintaining positive emotions over time is a difficulty, interventions aimed
at building skills to sustain positive feelings may be useful (e.g., (Johnson et al., 2009)). In
addition, building skills aimed at emotion identification and differentiation among emotional
states (Barrett, Gross, Christensen, & Benevenuto, 2001; Horan et al., 2009) will also be
important for psychosocial interventions for negative symptoms.

The ability to sufficiently sustain emotional processing over time is critical for guiding future
behavioral choices, and failure to sufficiently process motivationally relevant stimuli could
have maladaptive functional consequences for people with schizophrenia. For example,
sustained processing reflected in the LPP has been linked to enhanced encoding and retention
of motivationally relevant stimuli (e.g., (Dolcos & Cabeza, 2002)). Diminished attentional
processing reflected in the LPP could help explain recent findings that schizophrenia patients
fail to show the typical memory enhancements for emotional stimuli, particularly over longer
delay intervals (Herbener, 2008). Suboptimal encoding of emotional stimuli could also
contribute to documented deficits in the ability to anticipate future emotional experiences based
on past experiences and to effectively use emotional feedback to guide learning and decision
making (Gard et al., 2007; Gold et al., 2008; Horan, Green, Knowlton, Wynn, & Nuechterlein,
2008). Further research using ERP methods can help clarify the potential contribution of
disturbances in encoding and maintaining emotions to the hedonic deficit of schizophrenia.
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Figure 1.
Overall waveforms for each valence at each midline electrode for control and schizophrenia
patient groups.
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Figure 2.
Group × valence interaction for mean amplitude LPP (+SE) across midline electrodes.
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Figure 3.
Group × valence × laterality interaction for mean amplitude LPP (+ SE) for left and right
hemisphere electrodes.
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Table 1

Demographic, Trait, and Clinical information

Patients Controls Statistic

Sex (% male) 81.6 74.3 χ2 (1,73) = .45

Age (SD) 44.5 (10.6) 38.5 (10.3) t(72) = 2.44*

Marital status

 Never married 60.5 71.4 χ2 (2, 73) = 3.21

 Currently married 5.3 11.4

 Ever married 34.2 17.1

Education (SD) 12.8 (1.5) 14.7 (1.5) t(72) = -5.43***

Parental education (SD) 14.7 (3.3) 14.2 (2.5) t(72) =.67

Physical Anhedonia Scale (SD) 19.1 (9.4) 9.8 (6.0) t(72) = 5.04***

Social Anhedonia Scale (SD) 17.0 (8.7) 8.0 (5.2) t(72) = 5.32***

Age of onset (SD) 21.6 (10.4)

BPRS

 Thought Disturbance (SD) 2.7 (1.3)

 Anxiety/Depression (SD) 2.5 (0.9)

 Anergia (SD) 2.1 (0.8)

 Hostility (SD) 1.8 (0.8)

 Activation (SD) 1.2 (0.4)

SANS

 Affective Flattening (SD) 2.2 (1.4)

 Alogia (SD) 1.0 (1.2)

 Avolition (SD) 3.1 (1.1)

 Anhedonia (SD) 2.9 (1.4)

Notes: Means are presented with accompanying SD ’s.

*
p < .05;

**
p < .001

J Abnorm Psychol. Author manuscript; available in PMC 2011 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Horan et al. Page 21

Ta
bl

e 
2

D
es

cr
ip

tiv
e 

In
fo

rm
at

io
n 

an
d 

F 
V

al
ue

s f
or

 G
ro

up
 ×

 P
ic

tu
re

 T
yp

e 
A

N
O

V
A

’s
 fo

r B
eh

av
io

ra
l D

at
a 

D
ur

in
g 

th
e 

Pi
ct

ur
e 

V
ie

w
in

g 
Ta

sk

Pa
tie

nt
s

C
on

tr
ol

s
F 

va
lu

e 
[η

p2 ]

Pl
ea

sa
nt

U
np

le
as

an
t

N
eu

tr
al

Pl
ea

sa
nt

U
np

le
as

an
t

N
eu

tr
al

G
ro

up
 (d

f =
 1

,7
2)

Pi
ct

ur
e 

ty
pe

 (d
f =

 2
,1

44
)

G
ro

up
 ×

 T
yp

e 
(d

f =
 2

,1
44

)

V
al

en
ce

 
M

7.
16

2.
41

5.
14

7.
15

2.
57

5.
05

.0
2 

[.0
01

]
76

7.
67

**
*  

[.9
2]

.5
3 

[.0
07

]

 
 

SE
(.1

6)
(.1

1)
(.1

2)
(.1

6)
(.1

1)
(.1

2)

A
ro

us
al

 
M

6.
81

5.
12

4.
82

6.
57

4.
52

5.
73

.0
2 

[.0
00

]
35

.1
5*

**
 [.

33
]

5.
66

**
 [.

07
]

 
 

SE
(.1

7)
(.1

5)
(.3

4)
(.1

7)
(.1

5)
(.3

4)

V
ie

w
in

g 
tim

e

 
M

3.
28

2.
81

3.
66

2.
68

2.
33

3.
23

1.
08

 [.
01

5]
13

.5
9*

**
 [1

6]
.1

5 
[.0

02
]

 
 

SE
(.3

8)
(.3

2)
(.4

0)
(.2

7)
(.2

3)
(.3

2)

N
ot

es
:

**
p 

< 
.0

1;

**
* p 

< 
.0

01

J Abnorm Psychol. Author manuscript; available in PMC 2011 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Horan et al. Page 22

Ta
bl

e 
3

F 
V

al
ue

s a
nd

 [P
ar

tia
l E

ta
 S

qu
ar

ed
] f

ro
m

 G
ro

up
 ×

 V
al

en
ce

 ×
 C

au
da

lit
y 

A
N

O
V

A
’s

 fo
r E

R
P’

s a
t M

id
-li

ne
 E

le
ct

ro
de

s D
ur

in
g 

th
e 

Pi
ct

ur
e 

V
ie

w
in

g 
Ta

sk

P1
P2

P3
L

PP

V
al

en
ce

 (d
f =

 2
,7

2)
.4

2 
[.0

06
]

3.
76

*  
[.0

50
]

12
.5

4*
**

 [.
15

]
22

.2
2*

**
 [.

23
8]

C
au

da
lit

y 
(d

f =
 2

,7
2)

37
.9

0*
**

 [.
34

5]
58

.0
0*

**
 [.

44
6]

86
.1

2*
**

 [.
54

5]
23

.7
7*

**
 [.

24
8]

G
ro

up
 (d

f =
 1

,7
2)

.1
1 

[.0
02

]
1.

81
 [.

02
5]

.6
8 

[.0
09

]
.0

8 
[.0

01
]

V
al

en
ce

 ×
 C

au
da

lit
y 

(d
f =

 4
,7

2)
2.

91
*  

[.0
39

]
.5

7 
[.0

08
]

.9
4 

[.0
13

]
2.

27
†  

[.0
31

]

V
al

en
ce

 ×
 G

ro
up

 (d
f =

 2
,7

2)
.5

8 
[.0

08
]

1.
03

 [.
01

4]
1.

87
 [.

02
5]

3.
28

*  
[.0

44
]

C
au

da
lit

y 
× 

G
ro

up
 (d

f =
 2

,7
2)

.1
2 

[.0
02

]
.1

4 
[.0

02
]

1.
93

 [.
02

6]
2.

99
†  

[.0
40

]

V
al

en
ce

 ×
 C

au
da

lit
y 

× 
G

ro
up

 (d
f =

 4
,7

2)
.4

2 
[.0

06
]

.6
7 

[.0
09

]
.4

2 
[.0

06
]

1.
74

 [.
02

4]

N
ot

es
:

* p 
< 

.0
5;

**
p 

< 
.0

1;

**
* p 

< 
.0

01
;

† = 
p 

< 
.1

0

J Abnorm Psychol. Author manuscript; available in PMC 2011 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Horan et al. Page 23

Ta
bl

e 
4

F 
V

al
ue

s a
nd

 [P
ar

tia
l E

ta
 S

qu
ar

ed
] f

ro
m

 G
ro

up
 ×

 V
al

en
ce

 ×
 L

at
er

al
ity

 A
N

O
V

A
’s

 fo
r E

R
P’

s a
t L

ef
t a

nd
 R

ig
ht

 H
em

is
ph

er
e 

El
ec

tro
de

s D
ur

in
g 

th
e 

Pi
ct

ur
e

V
ie

w
in

g 
Ta

sk

P1
P2

P3
L

PP

V
al

en
ce

 (d
f =

 2
,7

2)
.5

0 
[.0

07
]

4.
61

*  
[.0

60
]

13
.0

4*
**

 [.
15

3]
20

.5
7*

**
 [.

22
2]

La
te

ra
lit

y 
(d

f =
1,

72
)

5.
62

*  
[.0

70
]

4.
14

*  
[.0

54
]

7.
87

**
*  

[.0
98

]
.0

1 
[.0

00
]

G
ro

up
 (d

f =
1,

72
)

.4
8 

[.0
07

]
2.

01
 [.

02
7]

.3
6 

[.0
05

]
.1

2 
[.0

02
]

V
al

en
ce

 ×
 L

at
er

al
ity

 (d
f =

 2
,7

2)
2.

73
†  

[.0
37

]
1.

36
 [.

01
9]

5.
82

**
*  

[.0
75

]
12

.0
6*

**
 [.

14
3]

V
al

en
ce

 ×
 G

ro
up

 (d
f =

 2
,7

2)
1.

04
 [.

01
4]

1.
00

 [.
01

4]
1.

54
 [.

02
1]

2.
95

†  
[.0

39
]

V
al

en
ce

 ×
 L

at
er

al
ity

 ×
 G

ro
up

 (d
f =

 2
,7

2)
.5

5 
[.0

08
]

.7
4 

[.0
10

]
2.

24
 [.

03
0]

3.
14

*  
[.0

42
]

N
ot

es
:

* p 
< 

.0
5;

**
p 

< 
.0

1;

**
* p 

< 
.0

01
;

† = 
p 

< 
.1

0

J Abnorm Psychol. Author manuscript; available in PMC 2011 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Horan et al. Page 24

Ta
bl

e 
5

C
or

re
la

tio
ns

 A
m

on
g 

Tr
ai

t A
nh

ed
on

ia
, N

eg
at

iv
e 

Sy
m

pt
om

s, 
an

d 
B

eh
av

io
ra

l D
at

a 
fr

om
 th

e 
Pi

ct
ur

e 
V

ie
w

in
g 

Ta
sk

 W
ith

in
 th

e 
Sc

hi
zo

ph
re

ni
a 

G
ro

up

So
ci

al
 A

nh
ed

on
ia

 S
ca

le
Ph

ys
ic

al
 A

nh
ed

on
ia

 S
ca

le
SA

N
S 

A
nh

ed
on

ia
/A

so
ci

al
ity

SA
N

S 
A

lo
gi

a
SA

N
S 

A
ffe

ct
iv

e 
fla

tte
ni

ng
SA

N
S 

A
vo

lit
io

n/
A

pa
th

y

V
al

en
ce

 ra
tin

gs

Pl
ea

sa
nt

-0
.3

2*
-0

.3
5*

-0
.2

9
-0

.1
8

-0
.2

5
0.

04

U
np

le
as

an
t

0.
00

-0
.2

1
0.

04
0.

28
0.

19
0.

15

N
eu

tra
l

-0
.1

3
-0

.3
3*

-0
.1

2
0.

18
0.

20
0.

09

A
ro

us
al

 ra
tin

gs

Pl
ea

sa
nt

-0
.1

6
-0

.2
2

-0
.2

9
-0

.1
8

-0
.1

3
-0

.0
8

U
np

le
as

an
t

-0
.1

8
-0

.3
4*

-0
.1

2
0.

06
0.

11
-0

.0
2

N
eu

tra
l

-0
.0

8
-0

.2
2

0.
14

0.
31

0.
31

0.
49

**
*

V
ie

w
in

g 
tim

es

Pl
ea

sa
nt

-0
.0

4
-0

.1
1

0.
35

*
0.

44
**

0.
21

0.
24

U
np

le
as

an
t

0.
14

0.
12

0.
39

*
0.

34
*

0.
09

0.
22

N
eu

tra
l

-0
.0

2
-0

.0
9

0.
30

0.
29

0.
10

0.
17

N
ot

es
: S

A
N

S 
= 

Sc
al

e 
fo

r t
he

 A
ss

es
sm

en
t o

f N
eg

at
iv

e 
Sy

m
pt

om
s.

* p 
< 

.0
5;

**
p 

< 
.0

1;

**
* p 

< 
.0

05
.

J Abnorm Psychol. Author manuscript; available in PMC 2011 February 1.


