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Abstract

Some individuals with schizophrenia report similar feelings of positive affect “in the moment” 

compared to control participants but report decreased trait positive affect overall. One possible 

explanation for this disconnection between state and trait positive affect is the extent to which 

individuals with schizophrenia engage in elaborative processing of positive stimuli. To assess this, 

we examined evoked gamma band activity in response to positive words over several seconds in a 

group with schizophrenia, a group with major depressive disorder, and a healthy control group. 

From a pre-stimulus baseline to 2000 ms after onset of the stimulus (henceforth, “early period”), 

the schizophrenia group showed a reliable increase in gamma activity compared to both the 

control and depressed groups, who did not differ from each other. In contrast, the depressed group 

showed a reliable increase in gamma activity from 2001 to 8000 ms (henceforth, “late period”) 

compared to the other groups, who did not differ from each other. At the same time, the 

schizophrenia group showed a reliable decrease from the early to late period while the depressed 

group showed the opposite pattern. In addition, self-reported depression and social anhedonia in 

the schizophrenia group were related to decreased gamma band activity over the entire processing 

window. Overall, these results suggest that schizophrenia is associated with increased initial 

reactivity but decreased sustained elaborative processing over time, which could be related to 

decreased trait positive affect. The results also highlight the importance of considering depressive 

symptomology and anhedonia when examining emotional abnormalities in schizophrenia.
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1. Introduction

Schizophrenia is associated with a number of emotion-related abnormalities that are not well 

understood (e.g., Kohler and Martin, 2006). For example, a growing body of literature 

suggests that some people with schizophrenia report experiencing similar amounts of 

positive emotion when exposed to emotionally evocative stimuli (Cohen and Minor, 2010; 

Kring and Moran, 2008; Llerena et al., 2012) and in daily life (Gard et al., 2007; Myin-

Germeys et al., 2000; Oorschot et al., 2009) compared to healthy individuals. At the same 

time, individuals with schizophrenia report substantially lower levels of trait positive affect 

(e.g., Horan et al., 2008; Martin et al., 2013), and when giving retrospective reports to 

clinicians, are rated as having less positive emotion (Strauss and Gold, 2012). Thus, there is 

an apparent disconnect between reports of current positive feelings (i.e., state affect) and 

reports of potentially noncurrent positive feelings, such as trait affect, in schizophrenia.

One possible explanation for the disconnection between state and trait positive affect in 

schizophrenia, which we examine in this study, is that individuals with schizophrenia have 

decreased, sustained elaborative processing of positive stimuli. Elaborative processing 

includes “embellishing” stimuli and linking them to other information (Anderson, 2005). It 

deepens encoding of to-be-remembered information (Anderson and Reder, 1979), which 

results in more durable and easily recalled memories (Anderson, 2005; Craik and Lockhart, 

1972) than non-elaborated material. Thus, although individuals with schizophrenia may have 

intact initial reactivity to positive stimuli, their lack of sustained elaborative processing 

hinders encoding, consolidation, and subsequent recall of these positive feelings. Consistent 

with this theory, schizophrenia is associated with memory impairment for emotional 

experiences, particularly over long time periods (Herbener, 2008). Overall, elaborative 

processing of positive stimuli enhances recall of positive emotional experiences at a later 

time; consequently, one’s ability to engage in elaborative processing, such as savoring 

positive experiences, is related to emotional functioning.

In addition, particular symptoms associated with schizophrenia might be especially related 

to the extent to which they engage in elaborative processing. For example, decreased ability 

to savor positive emotions is associated with anhedonia (Applegate et al., 2009), and 

treatment studies focused on recalling and savoring positive emotional experiences in 

schizophrenia have led to decreases in anhedonia (Favrod et al., 2015; Johnson et al., 2011). 

Providing evidence for this theory could be important as 1) low positive affect in people with 

schizophrenia-spectrum disorders is not well treated with existing interventions (e.g., Grant 

et al., 2012) and 2) existing interventions targeting increased elaboration on positive 

information (e.g., McMakin et al., 2011) could be examined in this context.

In contrast to the majority of findings for schizophrenia, major depressive disorder is more 

consistently associated with decreased self-reported positive feelings and ratings in response 

to pleasant stimuli in the moment compared to healthy controls (e.g., Dunn et al., 2004; 
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Sloan et al., 2001). In addition, individuals with major depressive disorder (Joormann and 

Gotlib, 2007), as well as those at risk for developing it (Joormann et al., 2007), have an 

increased attentional bias towards negative stimuli compared to control participants. Also, 

self-report and behavioral work consistently reflects poor memory for positive information 

(Blaney, 1986; MacLeod and Mathews, 1991; Matt et al., 1992) and decreased positive 

elaboration in depression (e.g., Horner et al., 2014). Thus, it is possible that depression 

might be associated with negatively interpreting, negatively elaborating on, or explicitly 

regulating responses to (Heller et al., 2015) positive stimuli. At the same time, similar to 

individuals with schizophrenia, actively engaging in elaborative processing, such as savoring 

positive emotional experiences, has been associated with improved mood in depressed 

samples (McMakin et al., 2011; Young et al., 2014). Thus, in this study, we compared 

individuals with schizophrenia to healthy individuals and individuals with depression.

Our dependent measure was evoked gamma band (35-45 Hz) electroencephalographic 

activity, which has been hypothesized to reflect such elaborative processes (Basar, 2013). 

Gamma oscillations have been argued to be the fundamental process that links neuronal 

activity and structural neuronal connectivity (Fries, 2009) through which higher order 

cognitive processes are achieved (Basar, 2013). For example, gamma band responses evoked 

by a stimulus are associated with crucial cognitive processes associated with elaborative 

processing such as feature binding (Engel and Singer, 2001), object representation (Bertrand 

and Tallon-Baudry, 2000), attention (Debener et al., 2003; Ray et al., 2008), and memory 

(e.g., Johnson and Knight, 2015; Kucewicz et al., 2014). In addition, consistent with the 

notion that affective information is more “attention grabbing” than non-affective stimuli 

(Bradley et al., 2001), gamma band activity is greater for valenced stimuli compared to 

neutral while passively viewing (Muller et al., 1999; Senkowski et al., 2011), and increased 

gamma band activity has been associated with enhanced memory for emotional information 

(Headley and Pare, 2013).

At the same time, a growing body of literature highlights the importance of considering 

earlier and later portions of the time course of emotional information processing associated 

with gamma band activity in schizophrenia (for a review, Basar, 2013), over which nuances 

have been observed. For instance, some have reported intact early, but abnormal later, 

gamma activity in schizophrenia in response to non-emotional stimuli while others have 

reported the opposite pattern (e.g., Gallinat et al., 2004; Lee et al., 2003). Thus, it is possible 

that individuals with schizophrenia might show intact, or even greater, gamma reactivity 

during the early time period because the positive emotional stimuli are attention-grabbing 

and novel to them, but show a significant reduction in gamma activity from the early to late 

period because of deficits in the ability to engage in sustained elaborative processing of 

positive stimuli. Similarly, if individuals with depression engage in decreased elaborative 

processing compared to healthy people, we would expect them to show decreased gamma 

activity in response to positive stimuli. However, if individuals with depression engage in 

negatively elaborating positive stimuli (e.g., Horner et al., 2014), we would expect them to 

show increased gamma activity in response to positive stimuli compared to the other groups.

In the current sample, we have previously shown that individuals with schizophrenia 

displayed decreased baseline gamma activity but no difference in reactivity to negative 
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words, and participants with depression displayed increased gamma band reactivity over the 

course of several seconds after the presentation of negative words compared to controls 

(Siegle et al., 2010). The current study tested whether gamma band activity would be similar 

in response to positively valenced words over time in that sample.

2. Materials and Methods

Participants, methods, and analytic strategy were largely as described in Siegle et al. (2010) 

with the primary difference being that study concentrated on reactivity to negative words 

whereas the current study regarded reactivity to positive words.

2.1 Participants

The current study involved two patient groups and one healthy control group as reported in 

Siegle et al. (2010). The first patient group consisted of 15 individuals diagnosed with 

schizophrenia but with no clinically significant secondary depressive syndrome based on an 

examination using the Structured Clinical Interview for DSM-IV (SCID-IV; First et al., 

1998). The second patient group was comprised of 15 individuals currently in a major 

depressive episode and diagnosed with unipolar major depression but without any current or 

previous psychotic symptoms. As can be seen in Table 1, most individuals in the 

schizophrenia group were taking atypical antipsychotic medication, and most individuals in 

the depressed group were taking antidepressants.

There were 23 participants in the Control group. Control participants were evaluated with 

SCID-IV and were found to have no lifetime Axis I disorder. Controls also had no lifetime 

Axis II personality disorders, including no schizophrenia-spectrum personality disorders, 

based on the Schedule for Schizotypal Personalities (Baron et al., 1981), and no general 

personality disorder, based on the Inventory of Interpersonal Problems (Pilkonis et al., 1996) 

and the Personality Disorder Examination (Loranger et al., 1987). Diagnosis agreements 

were made during case conferences.1

All participants denied any psychoactive drug abuse or alcohol abuse within the past six 

months and scored in the normal range on a cognitive screen (VIQ equivalent, computed 

based either on subscales of the WAIS (Wechsler, 1997) or the NAART (Nelson and 

Willison, 1991). Participants did not report any significant eye problems, and all reported 

they were able to easily read text on a computer screen much smaller than the text used in 

the experiment. Participants were excluded if they had a previous history of manic episodes. 

As can be seen in Table 1, the mean age of the control group was significantly lower than 

those in both the schizophrenia and depressed groups, F(2,51) = 6.29, p < .01, η2=.2, both ps 

< .05 from Tukey’s HSD. The groups did not significantly differ on sex or racial 

composition, both ps > .87.

1Although no participants in the study met criteria for a substance use disorder, we did not confirm an absence of use with urine 
toxicology screens.
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2.2 Measures of symptoms

2.2.1 Beck Depression Inventory (Beck et al, 1996).—To assess depressive 

severity in all groups, the Beck Depression Inventory was administered. This 21-item scale 

asks participants to identify which statement best describes how they have been feeling over 

the past 2 weeks on a 0-3 scales (e.g., 0 = “I do not feel sad” to 3 = “I am so sad or unhappy 

that I can’t stand it”).

2.2.2 Anhedonia measures.—Following previous research (e.g., Chapman et al., 

1980; Dowd and Barch, 2010) to measure anhedonia in the schizophrenia and control 

groups, we used two trait anhedonia instruments, the Revised Social Anhedonia Scale 

(Eckblad et al., 1982) and the Revised Physical Anhedonia Scale (Chapman and Chapman, 

1978). Both of these measures are designed to assess trait levels of anhedonia. The Revised 

Social Anhedonia Scale has 40 true-false items and is designed to measure lack of 

relationships and lack of pleasure from relationships (e.g., “Having close friends is not as 

important as many people say”). The Revised Physical Anhedonia Scale has 61 true-false 

items designed to measure a lack of pleasure gained from physical stimuli, such as food or 

touch (e.g., “One food tastes as good as another to me”). Two people in the schizophrenia 

group, five people in the control group, and all participants in the depressed group did not 

complete the anhedonia measures.

2.3 Emotional valence identification task

As in Siegle et al. (2010), stimuli included 80 positive, 80 negative, and 80 neutral words 

from the ANEW corpus (Bradley and Lang, 1997). Selected words within each normed 

affective valence category were balanced for word length, frequency, and arousal, using a 

computer program designed to create balanced affective word lists (for access, visit http://

www.pitt.edu/~gsiegle/wordlist/index.htm). Participants sat approximately 77 cm from the 

stimuli, which were lowercase letters approximately 1.59 cm high, subtending 1.18° of 

visual angle, displayed in white on a black computer screen. For each trial (240 trials), 

participants saw a fixation square for 200 ms. The fixation square was then replaced by a 

forward mask (a row of Xs) for 2000 ms. The Xs in the forward mask were then replaced by 

a word from the ANEW list (target stimulus). The target stimulus remained on the screen for 

150 ms and then was replaced by a backward mask (a row of Xs), at which time participants 

were allowed to respond. EEG data were recorded for 8 s after the initial onset of the target 

stimuli. Thus, the inter-trial interval was 10.35 sec. Participants were told to judge the 

valence of the stimuli as positive, negative, or neutral as quickly and accurately as they 

could. Participants’ judgments and reaction times were recorded using button presses on a 

game-pad capable of reading reaction times with millisecond resolution. To account for 

differential response latencies to different buttons, the mapping of game-pad buttons to 

responses was counterbalanced across participants. After the EEG protocol was over, 

participants rated the valence of the words they had just seen on a 1-7 scale (very negative to 

very positive).
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2.4 Apparatus

EEG data were recorded using methods previously described (Condray et al., 2003; Siegle et 

al., 2010). In brief, 20-channel EEG data collection was accomplished using a preconfigured 

Physiometrix cap referenced to nose with forehead as ground. An electrode both above and 

below the left eye and at the outer canthi of both eyes measured eye movements. Data were 

recorded via Sensorium amplifiers at a sampling rate of 250 Hz (1 sample/4 ms) using a .02–

100 Hz band-pass filter. Using the standard recommended impedance threshold for 

Sensorium amplifiers, impedances were below 30 kΩ. Data were collected using the 

EEGSYS software data acquisition platform (Hartwell, 1995).

2.5 Procedure

At a first appointment, participants provided informed consent. All participants received a 

cognitive screen, and a subset of participants received a brief vision test, which was 

implemented later in our protocol. At a second appointment, usually within two weeks, 

participants completed a battery of questionnaire measures and participated in the EEG 

portion of the study. Testing occurred in a moderately lit room, and an experimenter 

monitored from an adjacent room. The order of administration of the valence identification 

task and an unrelated, lexical decision task (not analyzed in this manuscript) was 

counterbalanced across participants. The tasks were the same as reported in our previous 

study (Siegle et al., 2010).

2.6 Data retention, cleaning, and reduction

A full description of data retention, cleaning, and reduction procedures is provided in Siegle 

et al. (2010). In brief, regardless of the judgment of the target, trials were retained, as there is 

truly no correct response for the emotionality of words. In addition, it was assumed that the 

process of making a judgment of the word was the same regardless of the actual judgment 

made.

First, based on previous research, trials with reactions times less than 150 ms were removed 

from analysis because they were considered spurious responses (Matthews and Southall, 

1991). Next, as recommended by Ratcliff (1993), harmonic means of reaction times were 

calculated as they are a reliably index the central tendency of an individual’s reaction times 

within a condition. Reaction times of trials were considered outliers if they were outside the 

Tukey Hinges (1.5 times the interquartile range from the 25th or 75th percentile) on any 

variable, and were scaled to the closest obtained value below this cutoff plus the difference 

between this value and the next closest value.

EEG data were processed using a similar procedure as previously reported (Condray et al., 

2003; Condray et al., 1999). Artifacts (e.g., blinks, eye movements) with voltage exceeding 

+/− 150 μV were corrected by applying the Gratton et al. (1983) procedure using the EOG 

data. Sustained blinks were corrected using linear interpolation. Trials comprised of 50% or 

more time as a blink were removed. Each trial for each participant was subjected to a 

wavelet decomposition that yielded a trial X time X frequency matrix for each subject. 

Power at each frequency during a 200 ms baseline was subtracted for each trial. Average 

matrices for each valence (positive, negative, and neutral) were computed for each subject of 
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evoked (i.e., nonphase-locked) activity. Mean power in the 35–45 Hz range was extracted for 

analyses of “gamma” band activity. As detailed below, we characterized the “early” time 

period as the first two seconds post-stimulus onset and the “late” time period as the last six 

seconds post-stimulus onset.

2.7 Data analytic strategy

To test whether groups differed in their valence ratings of positive targets, a one-way 

ANOVA was performed. Pairwise Tukey HSD post hoc tests were then performed. In 

addition, to test whether groups differed in their reaction times to positive targets, a one-way 

ANOVA was performed followed by pairwise Tukey HSD post hoc tests.

Primary analyses of the EEG data were conducted using mixed hierarchical linear models 

(HLM). When analyzing psychophysiological data, multivariate approaches, such as HLM, 

are robust to incomplete data sets due to artifact rejection and the retention of power by the 

reduction of error variances through the consideration of the nested nature of the data (i.e., 

electrodes within subjects, subjects within groups).

Our primary tests examined whether there was an overall difference in gamma band activity 

between the groups in response to positive stimuli for each electrode across time. To do this, 

we first conducted an omnibus test to examine whether there was a group by time 

interaction. After determining that there was such an interaction, our subsequent tests aimed 

to unpack this interaction. Thus, we examined whether there was a difference in gamma 

band activity between the groups in response to positive stimuli for each electrode in an 

“early” time period (i.e., the first two seconds post-stimulus) and in a “late” period (i.e., the 

last six seconds until the beginning of the next stimulus), as well as differences in activity in 

the early vs. late periods. We chose these windows through an examination of reaction time 

data in the schizophrenia group, which was of most interest for this paper. For the 

schizophrenia group, two seconds was 2 standard deviations above the mean in response 

times to the positive stimuli (M = 1.48, SD = .26). Thus, we reasoned that “initial 

processing” occurred prior to the mean response time (i.e., the early time period) and 

“sustained processing” occurred after such a behavioral response was made (i.e., the late 

time period).

To test our primary hypotheses, we estimated random intercept models to account for the 

nested nature of the data, with group X time interactions, one group X time interaction for 

each time period. A “baseline” period (i.e., one second pre-stimulus onset) was the reference 

condition for comparing activity in the early and late time periods. Observations were nested 

within subjects for each of the 20 electrodes. To control type I error for tests of whether 

there were differences at any specific electrode, a Bonferroni correction was employed in 

which electrodes significant at p < .05/20, or p < .0025, were considered to represent 

locations of significant group differences.

We also used a second method to control for type 1 error. Gamma-band EEG is often 

associated with both cortical and subcortical structures (for a review, see Basar, 2013), 

which is expected to lead to diffuse surface EEG (Haig et al., 2000; Muller et al., 1999). 

Thus, tests of group differences considered clusters of significant electrodes, rather than a 
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single electrode, as we were interested in whether there were reliable differences anywhere 

across the scalp without consideration of specific scalp location. To determine how many 

electrodes must be significant in order for a group difference to be considered reliable, we 

subjected a 3-group contrast of baseline-corrected gamma to 1000 Monte-Carlo simulations 

in which group membership was randomly shuffled. For each simulation, the number of 

electrodes significant at p < .1 was recorded. Across two replications, we found that 95% of 

the time, no more than five electrodes were significant atp < .1. Thus, differences between 

groups were considered reliable (p < .05) if more than five electrodes were significant at p 
< .1.

Next, we tested whether symptom ratings (BDI, social anhedonia scores, and physical 

anhedonia scores) were associated with gamma activity. To do this, we examined the 

correlations between these symptoms and gamma activity within each group. Using the 

same standard as above, a relationship was considered significant if p < .0025 (i.e., p < .

05/20). Finally, given that we previously found differences in gamma band power in 

response to negative stimuli between the groups (Siegle et al., 2010), we tested whether 

there were within-group differences in responses to positive vs. negative stimuli. Again, 

using the same standard as above, an effect was considered reliable if five electrodes or more 

were significant at p <.1. Because the previous publication reported on group differences in 

baseline gamma, they were not evaluated here.

3. Results

3.1 Questionnaire measures

As can be seen in Table 2, there was a significant difference between the groups on scores 

from the Beck Depression Inventory, F(2,51) = 52.02, p < .001, η2= .67. Post hoc analyses 

revealed that the depressed group had the highest depression scores whereas the control 

group had the lowest depression scores. The schizophrenia group fell in between the other 

two groups, all ps < .01. Also, the schizophrenia group had significantly higher scores than 

the control group on both the Social Anhedonia Scale, t(29) = 3.47, p < .01, d = 1.29, and 

the Physical Anhedonia Scale, t(29) = 3.44, p < .01, d = 1.28.

3.2 Judgment ratings of valence

There was a non-significant group difference in judgments of the valence of the positive 

stimuli, F(2, 50) = 2.19, p = .12, η2 = .08 (Controls > Schizophrenia > Depressed). There 

was also a significant group difference in reaction times of judgment ratings, F(2, 50) = 7,34, 

p < .01, η2 = .23. Posthoc analyses revealed that the control group was significantly faster 

than the schizophrenia group, p < .01, and non-significantly faster than the depressed group, 

p = .074. The patient groups did not differ from each other, p = .32.

3.3 Groups differ in gamma activity over time

First, we tested whether groups differed in gamma activity over time in response to positive 

stimuli. We found that there was, in fact, a reliable difference in gamma activity across 

groups over time (5 electrodes with p < .1). Thus, we followed up this finding in order to 

examine how the groups differed in activity across the processing window.
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3.4 Schizophrenia group showed greatest activity during the early time period

Next, we examined group differences in changes in gamma activity during the early time 

period (i.e., the first two second post-stimulus onset). As can be seen in Figure 1 and Table 

3, the schizophrenia group showed a reliable increase in gamma activity compared to both 

the control (five electrodes with p < .1) and depressed groups (seven electrodes with p < .1) 

in the first two seconds of processing positive stimuli. In addition, there were two specific 

electrode locations that met the threshold for a significant difference between the 

schizophrenia and depressed groups (Fp2 and O2). In contrast to the results for the 

schizophrenia group, there was not a reliable difference between the depressed and control 

groups. This suggests that the schizophrenia group showed the greatest increase in initial 

processing of positive stimuli.

3.5 Depressed group showed the greatest activity during the late time period

We then examined group differences in changes in gamma activity during the late time 

period (i.e., the last six second post-stimulus onset). As can be seen in Figure 2 and Table 3, 

the depressed group showed a reliable increase in gamma activity in the late time period 

compared to both the control group (10 electrodes with p < .1) and schizophrenia group (10 

electrodes with p < .1). Also, there were two specific electrode locations that met the 

threshold for a significant difference between the depressed and controls groups (F8 and C4) 

and between the depressed and schizophrenia groups (F8 and T4). In contrast to the results 

for the depressed group, there was not a reliable difference between the schizophrenia and 

control groups. This suggests that the depressed group showed the greatest increase in 

elaborative processing of positive stimuli over time.

3.6 Schizophrenia group showed greatest decrease and depressed group showed the 
greatest increase in activity in the early vs. the late period

We were also interested in whether there were significant differences between activity 

associated with initial processing and sustained processing. Thus, we examined group 

differences in changes in gamma activity from the early to the late time period. As can be 

seen in Figure 2 and Table 3, the schizophrenia group showed a reliable decrease in gamma 

activity from the early to the late time period compared to both the control (19 electrodes 

with p < .1) and depressed groups (19 electrodes with p < .1) when processing positive 

stimuli. In addition, the depressed group showed a reliable increase in gamma activity from 

the early to the late time period compared to the control group (16 electrodes with p < .1). 

Also, there were a number of specific electrode locations that meet the threshold for a 

significant difference between groups (Schizophrenia vs. Controls = 3 electrodes; 

Schizophrenia vs. Depressed = 18; Depressed vs. Controls = 9). This suggests that the 

schizophrenia group showed the greatest decrease, while depressed group showed the 

greatest increase, in the early vs. late period.

3.7 No evidence of an impact of age or behavioral reaction time

Because the groups differed in age, we tested for potential age effects by creating a “better-

age-matched” subset of participants by eliminating the 10 youngest controls, the 2 oldest 

participants with schizophrenia, and the oldest participant with depression. This yielded 13 
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subjects per group. The mean ages of the new groups did not significantly differ, F(2,38)=.

45, p=.64). We then re-ran all of the analyses using these new groups. Overall, the pattern of 

results was identical as the original data. For example, the schizophrenia group showed a 

reliable increase in gamma activity compared to the control group during the early period 

but showed no difference in gamma activity compared to this group during the late period. 

Thus, it is unlikely that results based on the full sample were due to age.

Because the groups differed in reaction times (RT) to positive stimuli, we tested for potential 

effects by creating a “better-RT-matched” subset of participants by eliminating the 10 fastest 

controls, the 2 slowest participants with schizophrenia, and the slowest participant with 

depression. This yielded 13 subjects per group. . The mean RT of the new groups did not 

significantly differ, F(2,38) = 2.04, p = .15. We then re-ran all of the analyses using these 

new groups. Overall, the pattern of results was identical as the original data. For example, 

the schizophrenia group showed a reliable increase in gamma activity compared to the 

control group during the early period but showed no difference in gamma activity compared 

to this group during the late period. Thus, it is unlikely that results based on the full sample 

were due to behavioral reaction times to positive stimuli.

3.8 Self-reported depression and social anhedonia are associated with decreased 
elaborative processing in the schizophrenia group

We then tested whether self-reported depression or anhedonia was related to changes in 

gamma activity in the early time period or the late time period in the patient groups. We 

found that in the schizophrenia group, increases in BDI and increases in social anhedonia 

scores were associated with decreases in gamma activity across time [BDI: r(300)= −.28, p 
< .001; Social anhedonia: r(260)= −.26, p < .001]. This same pattern was found for physical 

anhedonia, although the relationship was not significant once corrected for multiple 

comparisons, r(260)= −.13, p = .032. In contrast to the schizophrenia group, increases in 

BDI scores were associated with increases in gamma activity across time for the depressed 

group, but this relationship was not significant once corrected for multiple comparisons, 

r(260)= .17, p = .008.

3.9 Responses to positive vs. negative words differ between groups

Last, we tested whether the groups had differing responses to positive vs. negative stimuli 

collapsing across time. Examining within-group effects, as can be seen in Table 4, we found 

that only the depressed group showed reliably increased responses to negative compared to 

positive stimuli. When examining between-group effects, we found that compared to the 

control group, the depressed group had a reliably increased response to negative stimuli 

compared to positive (9 electrodes with p < .1) whereas the schizophrenia group had a 

reliably increased response to positive stimuli compared to negative stimuli (9 electrodes 

with p < .1). Similarly, compared to the depressed group, the schizophrenia group had a 

reliably increased response to positive stimuli compared to negative stimuli (18 electrodes 

with p < .1).
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4. Discussion

The current findings highlight nuances with respect to gamma band activity in response to 

positive stimuli, theorized to index elaborative processing, in a group of individuals with 

schizophrenia and a group with depression compared to healthy individuals. In addition, 

they highlight the importance of depressive symptomology and social anhedonia when 

considering emotional abnormalities in schizophrenia.

The finding of the greatest activity for the schizophrenia group during the early time period 

suggests that the emotional information might be especially attention-grabbing, potentially 

due to a novelty effect. That is, it is possible that because individuals with schizophrenia do 

not typically attend to positive emotional stimuli, the exposure to such stimuli while 

instructed to attend to it, was novel experientially. This finding is consistent with previous 

findings of increased early physiological responses to emotional stimuli in schizophrenia 

(Duval et al., 2016; Holt et al., 2006; Kosaka et al., 2002; Kring and Neale, 1996).

At the same time, the finding of the greatest activity during the early time period coupled 

with a reliable decrease in activity from the early to the late time period for the 

schizophrenia group suggests that individuals with schizophrenia engage in less efficient 

processing of positive stimuli. This finding could thus be consistent with previous literature 

of intact or at least functionally compensated “in-the-moment” or consummatory pleasure 

both in the laboratory and in daily life (Kring and Moran, 2008). For example, in response to 

a variety of types of pleasant stimuli, Burbridge and Barch (2007) found that individuals 

with schizophrenia reported similar experiences of pleasant affect (but not similar arousal 

levels) as a control group. In addition, using experience sampling, Gard and colleagues 

(2007) reported that people with schizophrenia have similar experiences of positive affect 

when engaged in goal or non-goal directed activity. At the same time, the current finding of 

a reliable decrease in sustained processing in the schizophrenia group compared to the other 

groups is consistent with previous reports of decreased trait positive affect. For example, 

schizophrenia is consistently associated with reports of increased trait anhedonia compared 

to control participants (e.g., Cohen et al., 2005; Horan et al., 2008; Martin et al., 2013). 

Thus, it is possible that because people with schizophrenia show a decreased in sustained 

elaborative processing of pleasant stimuli compared healthy individuals their feelings of 

positive affect elicited when exposed to a stimulus are not encoded and consolidated in 

memory in the same way. Given that elaborative processing is associated with enhanced 

memory recall (Anderson, 2005; Anderson and Reder, 1979), a lack of in-depth processing 

may be related to the difficulty people with schizophrenia have when trying to recall such 

feelings, leading to reports of decreased trait positive affect.

The current finding of decreased sustained gamma band activity in schizophrenia is also 

consistent with research that has investigated evoked gamma band activity in this group 

using non-emotional stimuli. The majority of studies utilized auditory stimuli and have 

reported decreased gamma band activity in schizophrenia. For example, auditory steady-

state studies generally reported reduced gamma activity in schizophrenia in response to a 

tone (e.g., Light et al., 2006; Roach and Mathalon, 2008; Spencer et al., 2008). However, the 

little work that has used visual stimuli is more mixed with some reporting no differences 
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(e.g., Krishnan et al., 2005) and others reporting reduced activity in schizophrenia (e.g., 

Riecansky et al., 2010). Hence, it is possible that stimulus modality impacts evoked gamma 

band responses. Future research could utilize both auditory and visual emotional stimuli in 

the same study to examine possible differences in elaborative processing in schizophrenia.

Of note, although the groups differed in initial reactivity (and sustained processing from the 

early to the late period), the schizophrenia group did not differ from the control group in 

gamma activity during the late period. Notably, no group differences during the late period is 

not inconsistent with a decreased ability to savor positive emotions. That is, people with 

schizophrenia may engage in ineffective elaboration of positive stimuli in that they are not 

embellishing the stimuli in a way that allows for effective encoding, consolidation, and 

subsequent recall of these positive feelings. Overall, these results suggest that schizophrenia 

is associated with decreased time spent engaging in elaborative processing of positive 

stimuli, which could be related to decreased trait positive affect.

EEG gamma has been associated with the inhibitory neurotransmitter, GABA, and the 

excitatory neurotransmitter, glutamate, including their receptors (e.g., NMDA-type 

glutamate receptor) (Komek et al., 2012). It has been suggested that some gamma 

oscillations originate within networks of inhibitory GABAergic interneurons and that this 

process may be driven by glutamate receptor activation (for a review, see Basar, 2013). Thus, 

dysfunction of these neurotransmitters, as is seen in schizophrenia (Wassef et al., 2003), 

could lead to abnormal gamma activity. In addition, gamma has been strongly associated 

with dopaminergic function. For example, both reward and amphetamine challenge change 

EEG gamma frequency responses in animals (Berke, 2009) particularly in the ventral 

tegmental area (VTA), which produces dopamine (Kalenscher et al., 2010; van der Meer et 

al., 2010). In humans, reward is associated with the dopaminergic activity, including gamma 

activity involving the nucleus accumbens (Cohen et al., 2009). Furthermore, interventions 

for schizophrenia directed at dopamine-modulated GABA receptor function (Erickson et al., 

2000) also alter frontal gamma power (Lewis et al., 2008). Given that the majority of people 

with schizophrenia are prescribed medications that serve as dopamine antagonists, it is 

possible that reductions in gamma band activity could be due to medication effects. In the 

current study, 93% of individuals in the schizophrenia group were treated with antipsychotic 

medication acting as dopamine antagonists and thus we were not able to examine medication 

effects. However, the schizophrenia group showed increased gamma activity during the early 

time period, suggesting the early vs. late changes are not attributable to medication. 

Nevertheless, future research could utilize at-risk, unmedicated (e.g., first-episode patients) 

and medicated samples in the same study to examine possible medication effects in gamma 

band activity in response to emotional stimuli. In addition, future research could test whether 

chlorpromazine equivalent doses are associated with gamma activity as they were 

unavailable in the current study.

In contrast to the schizophrenia group, the depression group did not differ from controls in 

initial gamma activity but did show a reliable sustained increase. This is consistent with 

findings from a recent meta-analysis of functional brain imaging studies (Groenewold et al., 

2013) that found depression was associated with increased activity in the orbitofrontal cortex 

in response to pleasant stimuli as well as increased activity in a number of other regions 
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(e.g., parahippocampal gyrus, amygdala) in response to unpleasant stimuli. Given that self-

report and behavioral work consistently reflects poor memory for positive information 

(Blaney, 1986; MacLeod and Mathews, 1991; Matt et al., 1992) and decreased positive 

elaboration in depression (Horner et al., 2014), it is possible the individuals with depression 

are either interpreting the positive stimuli as negative or engaging in over-regulation of the 

positive stimuli. At the same time, we found that the depressed group had greater evoked 

gamma band activity to negative stimuli compared to positive stimuli whereas the gamma 

activity between positive and negative stimuli did not differ for the other two groups. For the 

depressed group, this finding is consistent with the “negativity bias” in that negative 

information is processed to a greater extent than positive information (e.g., Baumeister et al., 

2001).

In the current study, self-reported depressive symptoms in the schizophrenia group was 

associated with initial and sustained decreased gamma reactivity. This is consistent with 

findings of decreased state positive affect in those with depressive symptoms (e.g., Dunn et 

al., 2004; Sloan et al., 2001), as well as multiple cognitive impairments. This finding 

highlights the importance of the consideration of depressive symptomology as a potential 

moderator of emotional abnormalities in schizophrenia. Thus, future research on emotional 

abnormalities in schizophrenia may benefit for the standard assessment and analysis of 

depressive symptoms. In addition, self-reported social anhedonia in the schizophrenia group 

was associated with decreased gamma reactivity over the entire processing window. This is 

consistent with reports of a negative relationship between anhedonia and savoring in 

schizophrenia-prone individuals (Applegate et al., 2009). Although these data were not 

available for the depressed group (because we did not collect self-report measures of 

anhedonia from the depressed group), we hypothesize a similar effect would be found in this 

group given the critical role anhedonia plays in treatment outcomes. For example, anhedonia 

in adolescents and adults uniquely predicts longer time to remission of depressive symptoms 

and treatment non-response (McMakin et al., 2012; Vrieze et al., 2014). Thus, future 

research could include a measure of self-reported anhedonia to test for associations as was 

done for the schizophrenia group here. In addition, future research could test for associations 

of clinician-rated symptoms and gamma band activity to investigate whether differential 

associations are observed.

Overall, these results indicate that initial processing of positive stimuli is intact in 

schizophrenia; however, these individuals have difficulty sustaining such processing and this 

abnormality is associated with self-reported symptoms of low positive affect. Thus, when 

targeting negative symptoms, it may be more advantageous to foster savoring of positive 

experiences (Favrod et al., 2015; Nguyen et al., 2016), rather than targeting negative 

cognitions, to capitalize on potentially intact automatic processes.
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Figure 1. 
Line graphs show mean EEG gamma power (35–45 Hz) over the first two seconds of the 

processing window by group in response to positive words. Periods of significant differences 

between the schizophrenia and control groups are highlighted below the x-axis (yellow: p < 

0.1; red: p < 0.05). Head plots show p-values for the early period from Table 3.
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Figure 2. 
Line graphs show mean EEG gamma power (35–45 Hz) over the entire processing window 

(i.e., eight seconds) by group in response to positive words. Periods of significant 

differences between the schizophrenia and control groups are highlighted below the x-axis 

(yellow: p < 0.1; red: p < 0.05). Leftmost head plots show p-values for the late minus the 

baseline period from Table 3; Rightmost head plots show p-values for the late minutes the 

early period from Table 3.
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Table 1

Demographic Information by Group

Schizophrenia
(n = 15)

Depressed
(n = 14)

Control
(n = 23)

# Female 7 6 11

# Caucasian 12 12 18

Age M(SD) 41.47 (5.64) 43.07 (14.16) 31.67 (11.39)

Medication

 Antipsychotics 14 0 0

 Antidepressants 7 9 0

  SSRIs 6 6 0

 Benzodiazepines 4 0 0

 Anticonvulsants 3 0 0

 Other 1
+

2
++ 0

+
Note: One participant in the Schizophrenia group was taking a beta-blocker.

++
One participant in the Depressed group was taking a sleep medication and another participant in the Depressed group was taking a pain 

medication.
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Table 2

Means (SD) of Questionnaire Measures By Group

Schizophrenia
(n = 15)

Depressed
(n = 14)

Control
(n = 23)

Social Anhedonia Scale 15.54 (11.69) -- 4.94 (4.81)

Physical Anhedonia Scale 17.0 (9.09) -- 8.06 (5.37)

Beck Depression Inventory 13.67 (7.90) 22.56 (7.54) 2.52 (2.64)

Emotion Ratings of Positive Targets 5.76 (.55) 5.39 (.84) 5.81 (.50)

Reaction Times in Seconds in
 Responses to Positive Targets 1.48 (.26) 1.30 (.41) 1.06 (.33)

Note: Two people in the schizophrenia group and five people in the control group did not complete the anhedonia scales because these were added 
to the protocol after these participants completed it.
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Table 4

t-tests of differences in gamma power in response to positive versus negative words across electrodes for the 

entire processing window (8 sec post-stimulus onset).

Electrode Control Depressed Schizophrenia

t(22) p d t(14) p d t(14) p d

Fz 0.55 .59 0.11 −0.77 .46 −0.20 0.49 .63 0.13

Cz −0.01 .99 0.00 −1.55 .14 −0.40 −0.03 .98 −0.01

Pz −0.66 .51 −0.14 −1.52 .15 −0.39 0.32 .76 0.08

Oz −0.99 .33 −0.21 −2.19 .05 −0.57 0.89 .39 0.23

Fp1 0.44 .67 0.09 −17 .26 −0.30 0.88 .39 0.23

F3 −0.06 .95 −0.01 −0.85 .41 −0.22 −1.15 .27 −0.30

F7 −1.25 .22 −0.26 −1.92 .08 −0.50 0.25 .81 0.06

C3 −1.01 .32 −0.21 −2.37 .03 −0.61 −0.76 .46 −0.20

P3 −0.64 .53 −0.13 −1.43 .18 −0.37 0.26 .79 0.07

T3 −0.77 .45 −0.16 −1.73 .11 −0.45 −0.43 .68 −0.11

T5 −0.03 .98 −0.01 −2.59 .02 −0.67 0.36 .72 0.09

O1 −0.10 .92 −0.02 −1.14 .27 −0.29 1.22 .24 0.32

Fp2 0.72 .48 0.15 −0.27 .79 −0.07 1.98 .07 0.51

F4 −0.54 .59 −0.11 −0.36 .72 −0.09 0.15 .89 0.04

F8 −0.15 .88 −0.03 −1.53 .15 −0.40 0.82 .43 0.21

C4 −0.66 .52 −0.14 −2.02 .06 −0.52 0.66 .52 0.17

P4 −1.45 .16 −0.30 −2.22 .04 −0.57 0.85 .41 0.22

T4 −1.10 .28 −0.23 −1.27 .22 −0.33 −0.15 .89 −0.04

T6 −0.70 .49 −0.15 −0.77 .45 −0.20 1.60 .13 0.41

O2 −0.07 .95 −0.01 −0.79 .45 −0.20 0.55 .59 0.14

# of
electrodes
with
p < .1

0 6 1

Note: d represent Cohen’s d, calculated as the t value divided by the square root of n. Bold = values significant at p <.1.
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