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Abstract 

Schizophrenia is characterized by deficits of context processing, thought to be related to 

dorsolateral prefrontal cortex (DLPFC) impairment. Despite emerging evidence suggesting a 

crucial role of the DLPFC in integrating reward and goal information, we do not know whether 

individuals with schizophrenia can represent and integrate reward-related context information to 

modulate cognitive control. To address this question, thirty-six individuals with schizophrenia 

(n=29) or schizoaffective disorder (n=7) and twenty-seven healthy controls performed a variant 

of response conflict task (Padmala and Pessoa, 2011) during fMRI scanning, in both baseline 

and reward conditions, with monetary incentives on some reward trials. We used a mixed state-

item design that allowed us to examine both sustained and transient reward effects on cognitive 

control. Different from predictions about impaired DLPFC function in schizophrenia, we found an 

intact pattern of increased sustained DLPFC activity during reward vs. baseline blocks in 

individuals with schizophrenia at a group level but blunted sustained activations in the putamen. 

Contrary to our predictions, individuals with schizophrenia showed blunted cue-related 

activations in several regions of the basal ganglia responding to reward-predicting cues. 

Importantly, as predicted, individual differences in anhedonia/amotivation symptoms severity 

were significantly associated with reduced sustained DLPFC activation in the same region that 

showed overall increased activity as a function of reward. These results suggest that individual 

differences in motivational impairments in schizophrenia may be related to dysfunction of the 

DLPFC and striatum in motivationally salient situations. 

 
 

Key words: negative symptoms, reward, dorsolateral prefrontal cortex, schizophrenia, mixed 
fMRI design 
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General Scientific Summary  

This study found that individual differences in anhedonia and/or amotivation symptoms in 

schizophrenia were related to sustained brain activity in the dorsolateral prefrontal cortex during 

reward context. These findings suggest one of the potential neural mechanisms that may lead to 

motivational impairments in individuals with schizophrenia.   
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Abbreviations 
 
 

 

Baseline conditions = BASE 

Baseline cue cued by “XX” in baseline conditions = BASE-CUE 

Healthy controls = HC 

Reward conditions = REWARD 

Reward context trials cued by “XX” in reward conditions = RCTX-CUE 

Reward cue trials cued by “$20” in reward conditions= REW-CUE 
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Introduction   
 

Amotivation, a “negative” symptom of schizophrenia, is often observed before the onset 

of psychosis and persists even after successful treatment with antipsychotics that reduce 

positive symptoms (Ucok & Ergul, 2014). Despite the crucial impact of amotivation on functional 

outcomes in schizophrenia (Best, Grossman, Oyewumi, & Bowie, 2014; Robertson et al., 2014; 

Ventura et al., 2014), the psychological and neural mechanisms contributing to motivational 

impairments in schizophrenia are still not clear. To date, separate lines of research have shown 

that individuals with schizophrenia display deficits in cognitive control (e.g., Cohen, Barch, 

Carter, & Servan-Schreiber, 1999) and both intact and impaired aspects of reward processing 

(Gold, Waltz, Prentice, Morris, & Heerey, 2008). Deficits in cognitive control are thought to 

reflect, at least in part, impairments in the function of the dorsolateral prefrontal cortex (DLPFC), 

hypothesized to have dysregulated input from the midbrain dopamine system in schizophrenia 

(Cohen & Servan-Schreiber, 1992). In terms of reward processing, a growing body of literature 

suggests that individuals with schizophrenia have intact “in-the-moment” responses to reward 

(Cohen & Minor, 2010; Dowd & Barch, 2012; Gard, Kring, Gard, Horan, & Green, 2007; Kring, 

Kerr, Smith, & Neale, 1993), but impaired ability to use rewards to guide learning and future 

behavior (Gold et al., 2008; Heerey, Bell-Warren, & Gold, 2008; Heerey & Gold, 2007; Kring & 

Barch, 2014; Morris, Quail, Griffiths, Green, & Balleine, 2015). Importantly, recent evidence 

suggests that the DLPFC plays a crucial role in integrating cognitive and reward-related 

information (Dixon & Christoff, 2014; Jimura, Locke, & Braver, 2010; Sakagami & Watanabe, 

2007; Watanabe & Sakagami, 2007) to guide behavior. However, little is known about whether 

individuals with schizophrenia can use reward-related information to modulate cognitive control 

function, and whether impairments in the ability to integrate incentive information with cognitive 

control might contribute to motivational impairments in this illness. To address these questions, 

the current study examined the effect of rewards on cognitive control in schizophrenia using a 

mixed state-item fMRI design. We also examined the relationship of amotivation severity to the 
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ability to use rewards to modulate cognitive control.  

Dorsolateral Prefrontal Cortex Function and Reward Processing 

Emerging evidence from primate neurophysiological studies and human neuroimaging 

studies suggests that the lateral prefrontal cortex is involved in encoding reward-related 

information to enhance cognitive control functions (Kouneiher, Charron, & Koechlin, 2009; 

Krawczyk, Gazzaley, & D'Esposito, 2007; Szatkowska, Szymanska, Marchewka, Soluch, & 

Rymarczyk, 2011), potentially via internal representations of reward value (see Botvinick & 

Braver, 2015; Dixon & Christoff, 2014 for recent reviews). On a variety of cognitive control 

paradigms, individuals often perform better and faster when provided with cues that predict 

rewards for successful performance, referred to as the reward cue effects (Bahlmann, Aarts, & 

D'Esposito, 2015; Geier, Terwilliger, Teslovich, Velanova, & Luna, 2010; Krawczyk et al., 2007; 

Locke & Braver, 2008). Neural responses have been shown to be increased in several regions 

of the lateral PFC, especially DLPFC and other reward-related subcortical regions, including the 

nucleus accumbens and caudate, when responding to such reward-predicting cues.  

In addition to the effects of incentive cues, recent work also suggests that contextual 

information about incentives can modulate cognitive control performance (Chiew & Braver, 2013; 

Jimura et al., 2010; Locke & Braver, 2008). For example, in Locke and Braver (2008), healthy 

individuals performed  an AX variant of the Continuous Performance Test (AX-CPT; Beck, 

Bransome, Mirsky, Rosvold, & Sarason, 1956), which is known to measure cognitive control 

processes, in particular, the ability to utilize and maintain contextual cue information (Braver, 

Barch, & Cohen, 1999) under different blocked-wised  motivational contexts in a scanner. To be 

specific, a series of letters one at a time was presented to participants, asking them to make a 

target response on the letter X only when it follows the letter A. Thus, cues either an A or non-A 

letters such as B, serve as the context that participants should keep in mind by representing and 

sustaining to make subsequent target responses. The crucial point of this task is that the high 

proportion of the AX trials (70%) enables one to differentiate intact or impaired context 
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processing ability. That is, people with intact context processing ability tend to show more errors 

on AY trials relative to BX trials due to a high expectation of an X probe following an A cue. On 

the other hand, people with impaired context processing are more likely to make more errors on 

BX trials than AY trials (MacDonald, Carter, et al., 2005; Servan-Schreiber, Cohen, & Steingard, 

1996), as they are less able to use context information provided by the B (i.e., non-A) cue to 

inhibit a tendency to respond to the X. Locke and Braver (2008) found that healthy individuals 

showed faster and better behavioral performances on the AX-CPT on trials with no incentive 

cues when those trials occurred during blocks that contained incentive cues on some trials 

versus blocks that contained no incentive information. This effect, referred to as the reward 

context effect, was hypothesized to reflect the use of proactive control to represent information 

about potential rewards in order to facilitate the processing of the upcoming target-related 

information. This reward context effect has been associated with increased sustained activation 

in the lateral prefrontal cortex (Jimura et al., 2010; Locke & Braver, 2008).   

Dysfunctional Dorsolateral Prefrontal Cortex and Reward Processing in Schizophrenia 

There is a resurgence of research interest in psychological and neural mechanisms of 

dysfunctional reward processing in schizophrenia, as motivational deficits, often categorized 

under negative symptoms, are more closely related to patients’ functioning outcome than 

cognitive deficits (see Kring & Barch, 2014; Reddy, Horan, & Green, 2015; Salamone, Koychev, 

Correa, & McGuire, 2015 for recent reviews). Based on recent affective neuroscience research, 

Barch and colleagues (Barch & Dowd, 2010; Barch, Pagliaccio, & Luking, 2015; Kring & Barch, 

2014) proposed six major components influencing the ability to translate reward information into 

goal-directed behavioral responses. One of these components is an important ability for goal-

directed behavior, which is to integrate reward values in order to generate action plans, thought 

to be supported by DLPFC function. Here, we will focus on this component as it may be 

potentially related to the anhedonic phenotype. The “anhedonic phenotype” collectively refers to 

the constructs of anhedonia and/or amotivation as distinct factors from diminished expression, 
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comprising blunted affect and alogia (Barch & Dowd, 2010; Barch et al., 2015; Kring & Barch, 

2014; Strauss, Hong, et al., 2012). Although there is a body of literature on impaired cognitive 

control function, thought to be due to abnormal DPLFC function in schizophrenia (e.g., Cohen et 

al.,1999), more information is needed on the ability of individuals with schizophrenia to integrate 

reward information with cognitive control, the neural mechanisms that support such integration, 

and the ways in which these may relate to anhedonia/amotivation symptoms in schizophrenia. 

One of promising experimental paradigms to examine the construct of 

anhedonia/amotivation is to examine the effect of reward on cognitive control. For the most part, 

reward processing and cognitive control in schizophrenia have been examined in independent 

studies. Mixed findings exist in the reward processing literature in schizophrenia depending on 

task demands. On the one hand, individuals with schizophrenia show relatively intact reward-

related behavioral and neural responses to the in-the-moment presentation of rewards, which 

presumably does not require the internal representation of reward value regardless of 

antipsychotic medication status (Dowd & Barch, 2012; Kirsch, Ronshausen, Mier, & Gallhofer, 

2007; Waltz et al., 2010).  For example, individuals with schizophrenia showed intact brain 

responses at the receipt of the expected monetary incentives in the ventral striatum (Dowd & 

Barch, 2012). However, when rewards were unexpectedly delivered, there is some evidence 

showing reduced responses in the lateral prefrontal cortex in schizophrenia (Schlagenhauf et 

al., 2009; Walter et al., 2010; Waltz et al., 2009). Such results might suggest that individuals 

with schizophrenia would be able to use explicit reward cue information to modulate cognitive 

control, suggesting intact reward cue effects on cognitive control, even if their overall cognitive 

control level might be impaired (reviewed in Kring & Barch, 2014). Recent behavioral work from 

our laboratory on a response conflict paradigm is consistent with this hypothesis, showing intact 

reward cue effects on reaction times in schizophrenia (Mann, Footer, Chung, Driscoll, & Barch, 

2013). Further, such findings might suggest that individuals with schizophrenia should show 

intact reward-cue related responses in striatal regions associated with the process of reward 
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information. 

 In contrast, some studies have found that individuals with schizophrenia show reduced 

neural responses to reward-predicting cues in the ventral striatum (Juckel et al., 2006; Kapur, 

2003; Kirsch et al., 2007; Robbins, 1976; Schlagenhauf et al., 2008) and there is a growing 

body of literature suggesting that individuals with schizophrenia have difficulties maintaining 

reward or pleasure-related information over time (Gold et al., 2008; Heerey, Matveeva, & Gold, 

2011; Kring & Caponigro, 2010; Morris et al., 2015; Morris et al., 2012; Schlagenhauf et al., 

2014).  Such results might suggest that individuals with schizophrenia should show impaired 

effects of incentives on cognitive control, especially incentive context effects that might require 

the maintenance of internal representations about reward information. Consistent with this 

hypothesis, our recent behavioral work showed reduced incentive context effects on reaction 

times in a response-conflict paradigm among individuals with schizophrenia (Mann et al., 2013). 

As of yet, there is no data on the pattern of neural responses to incentive cues or incentive 

context among individuals with schizophrenia. However, these behavioral results and the 

literature on altered prefrontal cortex function in schizophrenia might suggest that individuals 

with schizophrenia should show reductions in the type of sustained DLPFC activation that has 

been thought to support reward context effects. 

Importantly, it is possible that both behavioral and neural responses to incentives cues 

and incentive context might be influenced by individual differences in negative symptom 

severity. A number of studies have shown relationships between negative symptom severity in 

schizophrenia and neural activity during reward anticipation (de Leeuw, Kahn, & Vink, 2015; 

Gold et al., 2012; Juckel et al., 2006; Schlagenhauf et al., 2008; Simon et al., 2010). For 

example, Waltz and colleagues (2010) found that patients with more severe negative symptoms 

showed reduced neural responses in the lateral PFC during obtained gain vs. neutral cues. 

Dowd and Barch (2012) found that patients with greater anhedonia severity tended to show 

reduced activations in the ventromedial prefrontal cortex during anticipation of reward. These 
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reduced activations may reflect patients’ reduced internal representation of reward value. These 

findings provide evidence that patients’ negative symptoms, in particular, motivational deficits, 

may be related to impaired internal representations of reward value, potentially related to 

supported dorsolateral prefrontal cortex function. Taken together, these recent works suggest 

the possibility that abnormalities of motivational behavior in schizophrenia may be related to 

difficulty integrating reward-related information in the motivational context rather than reward-

related experiences per se (Gold et al., 2012; Gold et al., 2008; Strauss et al., 2011). 

Hypotheses and Predictions  

This study aimed to examine both reward context and cue effects on cognitive control in 

schizophrenia using a modified response conflict task paradigm (Padmala & Pessoa, 2011) that 

incorporated a mixed state-item fMRI design. The job of participants was to categorize images 

as either houses or buildings with either congruent or incongruent overlaid words. First, 

participants performed no-reward baseline conditions, followed by reward conditions with 

monetary incentives on some trials (reward cue trials – REW-CUE), but not other trials (reward 

context trials – RCTX-CUE). The use of mixed state-item fMRI design allowed us to examine 

both sustained brain activity during the baseline condition (BASE) and during each task 

condition (i.e., baseline condition (BASE), reward condition (REWARD), as well as cue effects 

by comparing neural activity during cues occurring during the baseline condition (BASE-CUE), 

and cues during reward condition that either indicated that they could win a reward (REW-CUE) 

or reward context trials on which they could not get a reward (RCTX-CUE). Based on the 

literature reviewed above, we predicted that individuals with schizophrenia would show reduced 

incentive context effects in behavior and reduced sustained neural activity in the DLPFC during 

reward versus baseline blocks compared to the healthy controls (HC).  In contrast, we predicted 

that they would show intact reward cue effects in behavior and that they would show intact 

transient neural activity in the ventral striatum in response to incentive cues. Further, we 

predicted that anhedonia and/or amotivaion in schizophrenia may reflect, at least in part, 



Amotivation in schizophrenia and dorsolateral prefrontal cortex activity 

 11 

patients’ difficulty of translating reward value into goal representation towards goal-directed 

responses. In this context, we expected that individual differences in anhedonia and/or 

amotivation symptoms in schizophrenia would be negatively correlated with either or both 

sustained brain activations in the dorsolateral prefrontal cortex during reward contexts and 

transient cue-related activity in the ventral striatum during reward anticipations. 

 

Method 

 
Participants and Recruitment Information  

Participants consisted of 27 HC and 36 outpatients with DSM-IV-TR schizophrenia (n = 

29) or schizoaffective disorder (n =7), taking stable antipsychotic medication doses for at least 

two weeks before participating in the current study (see Supplement Material for details about 

recruitment, inclusion and exclusion criteria). All participants were recruited through the Conte 

Center for the Neuroscience of Mental Disorders at Washington University in St. Louis. A subset 

of data analyses from the HC (n=27) only was reported in a prior publication (Chung and Barch, 

2015).  

Clinical symptoms were rated using the Scales for the Assessment of Negative 

Symptoms (SANS; Andreasen, 1983b), the Scale for the Assessment of Positive Symptoms 

(SAPS; Andreasen, 1983a) by a trained master’s level clinician. Importantly, we included the 

Brief Negative Symptom Scale (BNSS; Kirkpatrick et al., 2011) to investigate the relationship 

between individual differences in anhedonia and/or amotivation and neural responses (see 

Supplement Methods for details about the BNSS). Written informed consent was obtained from 

all participants and all procedures were approved by the Washington University.  

Task Stimuli and Paradigm 

During the task, images-plus-words were presented to participants one at a time. The 

job of participants was to categorize each image as either a house or building regardless of the 
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overlaid letters by pressing a “1” for a house image or “2” for a building image. The overlaid 

letters were used to create neutral, incongruent or congruent trials. For example, if a building 

picture was presented with a matching word, “BLDNG”, this is an example of congruent trial. 

However, if a building image was presented with non-matching word such as “HOUSE”, this is 

an example of incongruent trials. For neutral trials, “XXXXX” letters were presented with an 

image (see Figure 1 (a) for task stimuli). 

We modified the cued response conflict processing developed by Padmala and Pessoa 

(2011) for the use of a mixed-state item design, as described in more details below (see 

Supplement materials). During the task, images-plus-words were presented to participants one 

at a time. The job of participants was to categorize each image as either a house or building 

regardless of the overlaid letters. 

Each participant first performed two baseline runs without any knowledge of future 

rewards where each trial started with a “XX” cue with instruction saying these cues were 

irrelevant to task (BASE condition, with BASE-CUE trials). Then they completed four reward 

runs (REWARD condition) with instruction about possibility of obtaining incentive money on 

some trials (REW-CUE) but not other (RCTX-CUE). Reward runs includes 54 trials per each 

trial-type, resulting in a total of 162 trials where trials were preceded by a “$20”, REW-CUE 

indicating that a fast and correct response would be rewarded by 2000 points or by a “XX”, 

RCTX-CUE, indicating zero points would be possible on the trial. The RT threshold to determine 

“fast” response was set individually for each subject based on the median RT from the second 

baseline run (see Figure 1). 

As presented in Figure 1 (b), each participant first performed two baseline runs without 

any knowledge of future rewards. In these runs, each trial started with a “XX” cue with 

instruction saying these cues were irrelevant to task (BASE condition, with BASE-CUE trials). 

Then, a jittered fixation period occurred, ranging from 2 to 6s before the onset of the stimuli, 

designed to allow estimates of event-related responses to the cues. The target stimulus was 
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then presented for 1s, during which time participants responded. Then, visual feedback 

indicating accuracy of performance was presented to participants. Finally, an intertrial interval 

(ITI) that varied between 2,4, and 6s occurred. After the two baseline runs, participants 

completed four reward runs (REWARD condition) with instructions about the possibility of 

obtaining money on some trials (i.e., “$20”, REW-CUE) but not other trials (i.e., “XX”, RCTX-

CUE) for correct and fast responses (see Figure 1(c) for reward blocks). The RT threshold to 

determine a “fast” response was set individually for each subject based on the median RT from 

the second baseline run. During reward runs, half of the trials were preceded by a “$20” reward 

cue (REW-CUE) indicating that a fast and correct response would be rewarded by 2000 points 

or by a “XX” (RCTX-CUE), indicating zero points would be possible on the trial. Equal numbers 

of congruent, incongruent, and neutral trials were presented for a total of 108 trials. After the 

target stimulus, participants received visual feedback indicating the number of reward points 

that they had earned on that trial as well as their cumulative earnings in points. At the end of 

experiment, the accumulated reward points were converted to real money. All participants 

received a maximum of $20 based on their accumulated points in addition to base money for 

completing the experiment ($25/h). 

All BOLD scanning runs of this response conflict task were performed using a mixed 

block and event-related design, based on the recommendations of Petersen and Dubis (2012). 

Each run consisted of three blocks of 27 trials (9 trials per block), alternating with three fixation 

blocks (30 seconds per each) to examine how long sustained effect lasted during each task 

block. In both baseline and reward sections, each run was separated by pauses for rest. During 

task blocks, the inter-trial interval of 2 to 6 seconds was temporally jittered to ensure robust 

deconvolution of even-related fMRI responses.  

                --------- Insert Figure 1 around here -------------------- 

Behavioral Data Analysis 
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Repeated measures ANOVAs were conducted on correct trials for both median reaction 

times (RT) and error data with within-subject factors of a Reward (BASE-CUE, REW-CUE, 

RCTX-CUE) and Trial type (congruent, incongruent, and neutral trials) and Diagnostic Group 

(HC, schizophrenia) as a between-subject factor. Significant interactions were followed by post-

hoc contrasts to determine the source of the interactions. For analyses of reward context 

effects, we calculated contrasts on RT data by subtracting the RT in RCTX-CUE trials cued by 

“XX” in the reward condition from RT in the BASE-CUE trials cued by the same cue, “XX” in the 

baseline condition across all three trial types. For analyses of reward cue effects, contrasts on 

RT data were estimated by subtracting the RT in REW-CUE trials (“$20”) from RT in the RCTX-

CUE trials (“XX”) from the within the same reward blocks, collapsing across all three trials-type. 

 
fMRI Data Analysis  

Additional details on fMRI acquisition and image analysis are presented in Supplemental 

Methods and Materials. A voxel-wise general linear model (GLM) approach was used, which 

incorporated regressors for linear trend and baseline shifts. Using the mixed design, sustained 

and transient effects associated with reward enhancement on cognitive control can be 

simultaneously but independently coded within the same GLM, enabling dissociation of these 

two effects (Friston et al., 1995). Baseline and reward task blocks were modeled by box-car 

functions lasting the length of each task block using an assumption of a fixed-shape response of 

long duration (Fischl et al., 2002). The event-related transient effects were analyzed separately 

for each trial-type by estimating the values for eight time point regressors (starting at trial onset) 

within the hemodynamic response epoch, estimated to be 16 seconds (TR: 2 seconds, 8 

scanning frames) using unassumed hemodynamic response shapes. Specifically, for event-

related effects, three regressors for each reward-related cue-type (BASE-CUE, REW-CUE, 

RCTX-CUE) during cue phase, another set of three regressors for target-related trials 
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(congruent, incongruent, neutral trials) during target phase were separately coded with start and 

done cues.  

DLPFC and BG A Priori ROI Mask Analyses  

To conduct hypothesis-driven regions of interest (ROI) analyses, we defined as a priori 

ROI regions within the DLPFC and the basal ganglia (BG). Exploratory whole brain analyses are 

presented in the Supplement Materials. The anatomical DLPFC mask regions (Brodmann’s 

areas 9 and 46) were defined on an atlas-representative image using the boundaries described 

by Rajkowska and Goldman-Rakic (1995) and includes the bilateral middle and superior frontal 

gyri. The BG mask regions were derived from Wang et al. (2008) and generated by combining 

the caudate, nucleus accumbens, putamen, and globus pallidus. All statistical activation maps 

from each mask were appropriately corrected for multiple comparisons using combined p-value 

and cluster thresholds determined using Monte Carlo simulations; an approach equivalent to 

that employed by the AlphaSim program in the AFNI software package. For DLPFC ROI mask 

regions, z-value of 2.05 and a contiguous 13 voxels and for the BG ROI mask region, z -value of 

2.05 and a contiguous 14 voxels were used. After the identification of group differences, for 

significant clusters, we extracted an average value of BOLD responses and imported them into 

SPSS for further post-hoc analyses to parse the source of significant effects. After the 

identification of group differences, for significant clusters, we extracted an average value of 

BOLD responses and imported them into SPSS for further post-hoc analyses to parse the 

source of significant effects. These analyses included independent and paired t-test as 

appropriate (see Supplemental Results). For these post-hoc analyses of cue-related activity, 

given our use of unassumed GLMs, we focused on regions showing interactions with time 

points and the mean percent signal change across each region was extracted for each of the 

eight estimated time points to visualize general pattern of activity. Among all time points frames, 

we focused on the average of time point 3 and 4, as theses time points encompassed 5-8 
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seconds after stimulus onset, which would capture the initial peak in a stereotyped 

hemodynamic responses unconfounded by sustained activity. 

Individual Difference Analyses 

We conducted voxel-wise Pearson product-moment correlations between individual 

difference measures and BOLD contrasts in the ROIs that showed sustained reward and 

transient cue effects within each DLPFC and BG mask. In these analyses, REWARD - BASE 

conditions and the “$20” versus “XX” within reward blocks contrasts were correlated with 

individual difference scores described above using both the same small-volume correction 

mentioned above and Bonferroni correction for multiple testing. 

Post-Scan Questionnaire of Analysis 

Before the fMRI session, participants had two separate practice sessions in the scanner 

to ensure that they were familiar with what they were supposed to do in the baseline run and 

then before the reward task runs. After the fMRI session, a subset of participants 

[schizophrenia: n=7, HC: n=10] completed a post-scan questionnaire asking about self-reported 

motivation and difficulty levels during task. 

 

Results 

Participants Characteristics 

The two groups were similar in terms of most demographic variables except slightly 

higher participants’ education in the HC relative to the schizophrenia (see Table1), a typical 

finding in schizophrenia research. 

------------------Insert Table 1 about here------------------ 

Post-scan Questionnaire (see Table S1) 

Self-reported Motivation: A repeated-measures of ANOVA on self-reported motivation 

was conducted to make sure that motivational states were manipulated by monetary incentives. 

There was a significant main effect of Motivation [F (2,30) = 4.78, p= .01, η2
p= .24]. We did not 
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find a significant main effect of Group [F (1,15) = .68, p = .42, η2
p= .04] or a significant 

Motivation (RCTX-CUE, REW-CUE, BASE-CUE) x Group interaction [F (2,30) = .04, p = .95, 

η2
p= .003]. Three post-hoc paired t-tests (REW-CUE - BASE-CUE, RCTX-CUE - BASE-CUE, 

REW-CUE - RCTX-CUE) were conducted to follow up a main effect of Motivation. Both groups 

reported higher motivation on REW-CUE (“$20”) than BASE-CUE (“XX”) [paired t-test 

(16)=2.74, p=0.01] and on REW-CUE (“$20”) relative to RCTX (“XX”) within reward blocks 

[paired t-test (16)=2.63, p= .018]. However, there was no difference in self-reported motivation 

between RCTX-CUE and BASE-CUE [paired t-test (16) = 0.23, p= .87].  

Self-reported Task Difficulty: Another repeated-measures of ANOVA on difficulty was 

conducted. There was a significant main effect of Difficulty [F (1,15) = 5.38, p= .03, η2
p= .26]. 

We did not find a significant main effect of Group [F (1,15) = .008, p = .92, η2
p= .001] or a 

significant Difficulty (reward, baseline blocks) x Group interaction [F (1,15) = 2.25, p = .15, η2
p= 

.13]. Post-hoc paired t-test on difficulty between reward and baseline blocks indicates that both 

groups felt somewhat higher level of difficulty on reward than baseline blocks [paired t-test 

(16)=2.52, p= .02]. 

Behavioral Data 

Repeated measures ANOVAs on accuracy and reaction times were conducted as 

described above. The error data revealed only a significant main effect of Trial type [F (2,122) = 

16.98, p = .00, η2
p= .21], reflecting more errors on incongruent compared to congruent trials [F  

(1,61) = 27.92, p = .000, η2
p= .31] and neutral compared to congruent trials at a trend level [F  

(1,61) = 3.48, p = .06, η2
p= .05] but not other interaction effects (all ps > .16). Thus, main 

behavioral analyses were focused on RT data (See Supplement results). 

 As presented in Figure 2, the repeated measure ANOVA for RTs revealed significant 

main effects of Group [F (1,61) = 10.38, p = .002, η2
p= .14], Reward [F (2,122) = 34.12, p < .001, 

η2
p= .35], and Trial type [F  (2,122) = 32.01, p < .001, η2

p= .34]. Planned contrasts to determine 

the source of the main effect of Trial type indicated slower responses on incongruent compared 
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to congruent trials [F (1,61)=51.93, p < .001, η2
p= .46] and slower RTs on neutral compared with 

congruent trials [F (1,61)=18.66, p < .001, η2
p= .23]. Planned contrasts to determine the source 

of the main effect of Reward reflected faster performance on RCTX-CUE compared to BASE-

CUE trials [F(1,61) = =12.93, p = .001, η2
p= .17], REW-CUE compared to BASE-CUE [F (1,61) = 

60.98, p < .001, η2
p= .50] as well as REW-CUE compared to RCTX-CUE [F (1,61) =26.32, p < 

.001, η2
p= .30]. As shown in Figure 2, the main effect of Group reflected overall slower RTs in 

schizophrenia group compared with the HC. We did not find a significant Reward by Group 

interaction (p = .22), Trial type by Group or Reward x Trial type or Group by Reward x Trial type 

interactions (all ps > .44). 

Behavioral Indices of Reward Context and Cue Effects  

There were no significant group differences regarding behavioral indices of reward 

context and cue effects: individuals with schizophrenia showed similar reward context [t (61) = -

0.44, p  = .65] and cue effects compared with the HC [t (61) = 1.95, p  = .06]. 

Behavior-Negative Symptoms Relationships. There was no significant association between 

individual differences in negative symptoms and behavioral indices of reward context and cue 

effects on RT data (all ps > .09). 

------------------Insert Figure 2 about here------------------ 

Neuroimaging Data 

Sustained Context-dependent Reward Effects 

The voxel-wise repeated measures ANOVAs within the DLPFC and BG masks with 

Reward Condition (BASE, REWARD) as a within-subject factor and Group (HC, schizophrenia) 

as a between-subject factor revealed significant main effects of Reward Condition and Group, 

as well as of Group x Reward Condition (see Table 2). In terms of the main effect of Reward 

Condition, consistent with prior research, we found bilateral regions of DLPFC that showed 

increased sustained activity in the reward compared to the baseline blocks.  In terms of the 

main effect of Group, we found regions in the PFC and the putamen that showed increased 
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activity in the schizophrenia versus the HC, but bilateral regions in the lateral globus pallidus 

that showed decreased activity in the schizophrenia compared to the HC. Most importantly, we 

found a region in the putamen that showed a Group X Reward Condition interaction (see Figure 

3), with HC, but not schizophrenia, showing greater activity in the reward blocks versus the 

baseline blocks.  

------------------Insert Table 2 and Figure 3 about here------------------ 

Relation between Sustained Activation and Amotivation in Schizophrenia  

Patients with greater negative symptoms scores as measured by a total score of the 

SANS showed more reduced sustained activity in the right DLPFC in the REWARD Condition 

(Figure 4B) but no such significant association was found in the left DLPFC (Figure 4 A). 

Existing research suggests that the SANS includes two independent factors, which includes 

diminished expression (i.e., the sum of affect flattening and alogia), and amotivation (i.e., the 

sum of anhedonia, avolition, and asociality) (e.g., Blanchard & Cohen, 2006; Strauss, Hong, et 

al., 2012). Thus, we examined whether these relationships to the right DLPFC activity differed 

across the two subscales. Such significant association in the right DLPFC was driven by the 

association between individual differences in amotivation and sustained activity during the 

REWARD condition in the right DLPFC (r = .39 p= 0.01), an effect that passed Bonferroni 

correction.  

------------------Insert Figure 4 about here------------------ 

Exploratory Whole Brain Analysis:  

Sustained Interaction of Reward and Group 

A significant Group x Reward interaction was also found in the right orbitofrontal cortex 

(OFC) and right claustrum in the whole-brain analysis (see Table S4 for exact coordinates of 

each region and the pattern shown in each region). To further identify the source of these 

Reward x Group interactions effects, we conducted post-hoc paired t-tests to compare 

sustained activity during reward vs. baseline blocks for each group. As presented in Figure S6, 
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the HC showed greater activity during reward vs. baseline blocks in both regions displaying a 

Reward x Group interaction [the right OFC: paired t-test (26)=3.52, p =.002), the right claustrum: 

paired t-test (26)= 3.51, p =.002]. In contrast, individuals with schizophrenia showed a weak 

effect in the opposite direction, with somewhat greater activity in baseline relative to reward 

blocks in the right OFC [paired t-test (35)= -2.57, p = .01] and the right claustrum at a trend level 

[paired t -test (35)= -2.02, p =.05]. 

Sustained Brain Activity and Negative Symptom Relation 

There was no significant association between the sustained activity in the OFC activity 

during reward vs. baseline conditions and symptom severity as measured by a total score of the 

SANS (r = -.15, p =.35). For the right claustrum, the sustained activity contrast during reward vs. 

baseline was associated with the total score of the SANS (r = -.33, p =.04) but did not pass the 

Bonferroni correction. 

 
Transient Cue-Related Reward Effects 

The voxel-wise repeated measures ANOVAs with Cue Type (BASE-CUE, REW-CUE, 

RCTX-CUE) and Time points (frames 1-8 in a trial) as within-subject factors and Group (HC, 

schizophrenia) as a between-subject factor revealed several regions showing either significant 

Cue Type x Time points or Cue Type x Group x Time points interactions (Table 3). All of the 

regions showing Cue Type x Time points interactions, including bilateral DLPFC, showed 

greater activity on REW-CUE as compared to both RCTX-CUE and BASE-CUE trials. There 

were two regions in the BG – putamen and lateral globus pallidus that showed further 

interactions with Group. In both the ventral striatum and lateral globus pallidus, HC showed 

increased trial-by-trial activity on REW-CUE trials relative to RCTX-CUE and BASE-CUE trials 

while individuals with schizophrenia did not show significant differences in the trial-by-trial 

activity as a function of Cue Type (Figure 5). 

------------------Insert Table 3 and Figure 5 about here------------------ 



Amotivation in schizophrenia and dorsolateral prefrontal cortex activity 

 21 

Transient Target- Related Effects 

The voxel-wise repeated measures ANOVAs with Cue Type (BASE-CUE, REW-CUE, 

RCTX-CUE), Trial Type (Congruent, Neutral, Incongruent) and Time points as within-subject 

factors and Group as a between-subject factor were conducted to examine target-related 

activity as a function of rewards. Here, we focused on Cue Type x Group x Time points and Cue 

Type x Trial type x Group x Time points interaction effects as our main interests were to test 

whether individuals with schizophrenia could use and integrate reward-related context 

information to modulate their cognitive performance (see Supplement Results for the other 

interaction effects).  

Several regions in the bilateral DLPFC, putamen and medial globus pallidus displayed 

Cue Type x Group x Time points interaction (see Table 4). In the putamen and medial globus 

pallidus, the HC did not show a different degree of target-related activity as a function of reward, 

while individuals with schizophrenia showed greater target-related activity on BASE-CUE than 

on RCTX-CUE trials at a trend level (p =.05). In the right DLPFC (x:25, y:37,z: 29), the HC 

showed reduced target-related activity during RCTX/REW-CUE trials vs. BASE-CUE while 

individuals with schizophrenia showed no different activity as a function of Cue Type in the 

same right DLPFC (see Figure S2 for time course).  

The only DLPFC a priori mask region revealed Cue Type x Trial type x Group x Time 

points interaction. As a follow up, we first determined whether the Cue Type x Trial type x time 

points interaction was significant within each group, separately. This three-way interaction was 

significant in the schizophrenia at a trend level [F (4, 104)= 2.18, p=.07, η2
p =.05], but not the 

HC [F(4, 104)= .78, p=.53, η2
p =.02]. Then we compared the magnitude of difference 

(incongruent - congruent trials) to targets during REW-CUE to RCTX-CUE in the schizophrenia 

and found a significantly smaller interference effect on REW-CUE trials compared to RCTX-

CUE trials in the schizophrenia [paired t-test (35) = 3.17, p = .003] (see Figure 6). 

------------------Insert Table 4 and Figure 6 about here------------------ 
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Relation between Transient Activation and Amotivation in Schizophrenia 

Another set of Pearson Product-Moment correlation analyses were also conducted to 

examine the relationship between transient cue-related reward context and/or cue effects and 

individual difference in amotivated symptom in the ventral striatum and lateral globus pallidus 

regions displaying Cue Type x Group x Time point interactions as well as in the DLPFC region 

displaying Cue Type x Time points interactions. We found that the transient cue effect during 

REW-CUE vs. RCTX-CUE trials in the left DLPFC was significantly correlated with individual 

difference in the BNSS, though this correlation did not pass Bonferroni correction (see Figure 7).  

------------------Insert Figure 7 about here------------------ 

Potential Effects of Medications or Depression on Behavior and Neural Data 

 We also examined whether the current results were affected either by antipsychotic 

medications or depressive symptoms. First, we estimated olanzapine equivalents for each 

individual based on Gardner et al. (2010)’s recommendations. Pearson’s Product-Moment 

correlations with olanzapine equivalent doses in schizophrenia (n =36) revealed no significant 

associations with either reward context effects (r = -0.03, p = .82) or reward cue effects (r =-

0.09, p =.58) in behavior. Similarly, neither sustained nor transient neural activations as a 

function of rewards were associated with olanzapine equivalent doses. Furthermore, we 

examined the effect of antipsychotic type on activity in the regions showing significant group 

effects in the behavior and neural data by conducting one-way ANOVAs comparing individuals 

with schizophrenia taking atypical versus typical versus both medications. For sustained activity 

during reward vs. baseline blocks in the putamen and the DLPFC, there were no significant 

differences among the three groups [F (3,35) = 1.25, p= .30; F(3,35) =0.29, p=.82, respectively]. 

Similarly, regarding transient cue-related activity as a function of rewards, there were no 

significant differences among three groups in the right putamen [F(3,35) = 0.54, p= .65] or the 

left lateral globus pallidus [F (3,35) = 1.61, p= .20], Regarding the behavioral findings, one-way 

ANOVAs revealed that there were no significant differences among the three groups for 
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behavioral reward context effects [F(3,35) = 1.98, p= .13] or for behavioral reward cue effects 

[F(3,35) = 1.26, p= .30]. We also did not find any significant relationships between depressive 

symptoms, as measured by the BDI (Beck, Steer, & Garbin, 1988), and any of the behavioral or 

neural measures (all ps ≥ .05) (see Table 5 and 6). 

------------------Insert Table 5 and 6 about here----------------- 

 

Discussion 
 

The goal of this study was to examine the effect of rewards on cognitive control at both 

behavioral and neural levels using a mixed state-item fMRI design with a special focus on the 

role of the DLPFC and basal ganglia system. The present results suggest dysfunctional cortico-

striatal system in schizophrenia during processing reward-related context information, as 

evidenced by blunted sustained activations in the putamen and transient activations in the 

ventral striatum as a function of rewards. Importantly, patients with more severe anhedonia 

and/or amotivation symptoms tended to show more reduced sustained neural activations in the 

DLPFC as a function of rewards. These results are consistent with previous studies using 

various reward-processing task paradigms that might reflect deficits in integrating and 

transferring internal representation of reward value into action execution to guide goal-directed 

behavior presumably due to dysfunctional cortico-striatal system (Barch & Dowd, 2010; Gold et 

al., 2008; Morris et al., 2015; Waltz et al., 2009). 

 
Behavioral Reward Context and Cue Effects 

Different from our previous study (Mann et al., 2013) showing a reduced reward context 

effect in schizophrenia but an intact reward cue effect, we found that individuals with 

schizophrenia showed no significant differences from the HC in either reward cue or reward 

context effects. The discrepancy between two studies may be due to methodological 

differences. The clearest difference in the current study from Mann et al. (2013) is a modification 



Amotivation in schizophrenia and dorsolateral prefrontal cortex activity 

 

 24 

of the task paradigm by adopting a mixed state-item fMRI design. Thus, the current study 

included a jittered period between the presentation of cues and target phase while our prior 

behavioral study did not include such a jittered period; the target phase was followed right after 

the presentation of each cue. Thus, it is possible that due to such jittering after cue presentation, 

participants had some time to prepare for upcoming stimuli, which in turn may have resulted in 

relatively intact pattern of reward context effects for the individuals with schizophrenia in current 

study. Also, different from Padmala and Pessoa (2011), we did not find cognitive control 

modulation as a function of rewards. Rather, we found a general enhancement of reward on 

cognitive performance as evidenced by faster responses during reward relative to baseline 

contexts.  

Sustained Context-dependent Activity and Relation to Amotivation in Schizophrenia 

Emerging evidence suggests that the maintenance of reward value during the entire task 

supported by the DLPFC system (Braver et al., 2014; Jimura et al., 2010; Kring & Barch, 2014) 

is crucial for the enhancement of cognitive control function. That is, keeping goals active in a 

sustained manner via proactive control in the DLPFC may facilitate preparatory processing and 

in turn, lead to enhanced cognitive performance (Chiew & Braver, 2013; Jimura et al., 2010; 

Locke & Braver, 2008). Considering patients’ context processing deficits in non-incentive 

paradigms, thought to be due to a disturbance in DLPFC function (e.g., Barch et al., 2001), we 

expected to find reduced sustained activations during reward context in the DLPFC in 

schizophrenia compared with HC. However, contrary to the prediction, but paralleling the 

present behavioral findings, individuals with schizophrenia showed an intact pattern of greater 

sustained activation in the bilateral DLPFC during reward vs. baseline contexts, as did the HC. 

Interestingly, a diagnostic group difference was identified in the putamen where individuals with 

schizophrenia showed blunted sustained activation during the reward condition.  

The basal ganglia complex is a major component of the neural circuitry that is involved in 

reward processing in addition to the lateral prefrontal cortex (reviewed in Delgado, 2007). It 
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should be noted that the dorsal striatum receives major input from cortical structures to execute 

motivated, goal-directed behaviors (Haber, 2011). The dorsal striatum is thought to be one of 

the motivation-sensitive regions of which neural activity is modulated by reward-related 

contextual information (Delgado, Locke, Stenger, & Fiez, 2003; Delgado, Stenger, & Fiez, 

2004). However, we did not see evidence for behavioral differences at the group level in the 

reward context effects. It is possible that these would be more apparent in a more challenging 

task, but that is a speculation that awaits empirical testing. 

Consistent with our hypothesis about sustained activation, patients with greater 

anhedonia/amotivation showed more reduced sustained activity during reward vs. baseline 

blocks in the right DLPFC. Of note, this is the region where as a group, individuals with 

schizophrenia showed a similar pattern to the HC of greater sustained activity during the reward 

vs. the baseline condition. Thus, although not all individuals with schizophrenia may show 

impairments in sustained DLPFC activity, those individuals with more severe 

anhedonia/amotivation may reflect have difficulties in the ability to represent and sustain reward 

value during their cognitive control function potentially due to abnormal DLPFC-medicated 

context processing. However, we did not find parallel relationships between individual 

differences in anhedonia/amotivation and the behavioral indices of reward effects. Again, this 

may suggest that the behavioral indices were not as sensitive as the neural indices. 

Transient Cue-related Activity and Relation to Amotivation in Schizophrenia 

Contrary to the traditional notion that motivational impairments in schizophrenia may 

come from their inability to experience pleasure (Meehl, 1989), accumulated evidence from 

behavioral and neuroimaging studies suggests that individuals with schizophrenia have an intact 

ability to experience positive events as positive in the moment. Rather, it has been argued that 

amotivation in schizophrenia may come from a different phase of reward processing. For 

example, regardless of antipsychotic medication status, several studies found less ventral 

striatal activation during the presentation of reward-predicting cues in individuals with 
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schizophrenia relative to the HC (Esslinger et al., 2012; Juckel et al., 2006). In line with these 

findings, in the current study, individuals with schizophrenia showed blunted ventral striatal 

activations during reward-predicting cues.  

Importantly, we predicted that individuals with schizophrenia who had greater 

anhedonia/amotivation would show less transient cue-related activation in the ventral striatum 

as a function of reward. Different from the prediction, we did not find any significant correlation 

between individual difference scores in anhedonia/amotivation as measured by the BNSS and 

neural activation in the ventral striatum. However, we did find such association in the DLPFC 

during REW-CUE (“$20”) vs. RCTX-CUE (“XX”). However, this correlation did not pass 

Bonferroni correction. As such, these associations should be considered provisional and further 

research is needed to replicate this relevance of anhedonia/amotivation with the DLPFC 

function, especially by dissociating “liking” and “wanting” (Berridge, 1996, 2007, 2012).  

Implications of Cognitive Control, Motivation and Dorsolateral Prefrontal Cortex Function 

in Schizophrenia 

As noted in the Introduction, emerging evidence points to relatively intact in-the-moment 

pleasurable experiences, but converges on impairments of predicting reward and translating 

reward value into action execution in schizophrenia, processes thought to be supported by the 

DLPFC function (reviewed in Barch et al., 2015). The recent focus on studying reward 

processing paradigms in schizophrenia has come from the hope for a better understanding of 

the pathophysiology of negative symptoms, in particular, motivational impairments (see Barch & 

Dowd, 2010; Strauss, Waltz, & Gold, 2014 for recent reviews). In this context, we have used a 

cognitive control paradigm (i.e., a variant of response conflict task) in reward context to infer to 

what extent individuals with schizophrenia would be able to use cognitive control to help them 

engage in real-world functioning, such as work or school activities, to achieve positive outcome. 

Through a mixed-state item fMRI design, we experimentally measured a presumed proxy of 

patients’ ability to process in-the-moment pleasurable experience (i.e., transient reward-cue 
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effects) as well as a proxy of patients’ ability to sustain and use reward values during goal-

directed behavior, such as working or school activities (i.e., sustained reward context effects). 

Consistent with our predictions, the current findings suggest that motivational 

impairments in schizophrenia are related to dysfunctional DLPFC activity during cognitive 

control. Along with a body of literature showing cognitive control deficits in schizophrenia (e.g., 

Barch & Ceaser, 2012; Cohen et al. 1999), we propose that motivational impairments in 

schizophrenia might reflect patients’ inefficient use of proactive control in potentially rewarding 

situations. Given our results, one potentially promising pathway for developing negative 

symptom treatments is to enhance DLPFC-mediated cognitive control function in rewarding 

situations in order to improve functioning outcomes in schizophrenia. As recently reviewed by 

Reddy et al. (2015), there are few effective negative symptom treatments and/or interventions in 

the field. Only a few preliminary studies exist on this topic (reviewed in Elis, Caponigro, & Kring, 

2013). For example, a preliminary study by Favrod, Giuliani, Ernst, and Bonsack (2010) found 

that five individuals with schizophrenia that had received between 10 hours and 25 hours of 

cognitive/pleasure skills training showed increased self-report anticipatory pleasure and daily 

activities. In recent work by Velligan et al. (2015), a nine-month motivation-enhancing treatment 

program using cognitive and behavioral principles showed moderate treatment effects on some 

negative symptom assessments, though the effect was not sustained through the full nine 

month period.  

Schizophrenia is a heterogeneous and complex illness and not all individuals with 

schizophrenia show similar clinical presentations (Lang et al., 2015; Tsuang, Lyons, & Faraone, 

1990). The current findings add to the body of literature suggesting that there are individual 

differences in anhedonia/amotivation symptoms in schizophrenia and that these are related to 

individual differences in DLPFC dysfunction during reward contexts. Such findings highlight the 

importance of a symptom-specific approach rather than only group-level comparisons. This 

symptom-specific approach may help to elucidate more homogeneous dimensions of this 
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illness, which in turn can be used to define clearer psychopathologic endophenotypes of 

schizophrenia.  

Overall Limitations  

The primary limitation of the current study was that most individuals with schizophrenia 

were taking dopamine receptor blocking antipsychotic medications, which could affect reward-

related neural responses (Abler, Erk, & Walter, 2007; Juckel et al., 2006; Mathews et al., 2012; 

Nielsen et al., 2012). Despite a potential impact of antipsychotic medication on reward 

processing, importantly, it is highly unlikely that current findings are purely related to 

antipsychotic action, as motivational deficits, as evidenced by abnormality of reward-related 

neural responses, have been observed even in unmedicated patients with first-episode 

schizophrenia (Esslinger et al., 2012; Schlagenhauf et al., 2009) and individuals at prodromal 

phase o f the illness (Piskulic et al., 2012; Wotruba et al., 2014; Yung & McGorry, 1996). 

Importantly, however, our supplemental analysis did not find relationships between neural and 

behavioral results and antipsychotic medication doses (see Table 5 and 6).  

Another limitation is that fixed-order task presentations may have impacted current 

pattern of results: non-incentive baseline conditions were always followed by reward conditions. 

Thus, there is a possibility that current results might include practice-related effects due to this 

fixed-order. However, we believe that it is unlikely given empirical evidence of no practice 

effects from prior work by Chiew and Braver (2013) where participants performed baseline and 

then reward blocks with reward and no-reward cues randomly intermixed, like our design. When 

they broke down each block into four epochs, potential practice effects after the first epoch 

disappeared, while incentive effects were sustained throughout. Additionally, our behavioral 

data shows general enhancement of rewards on enhancing speed of cognitive performances 

across groups, but did not show interaction effect of reward and cognitive control different from 

prior work by Padmala and Pessoa (2011). There is a possibility that task difficulty of current 

conflict processing was not challenging enough to require cognitive control for participants to 
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yield such interaction effect. Future studies could use task paradigms with increased difficulty 

for participants. For example, switching between tasks may increase difficulty for participants. 

Also, it is possible to observe stronger effects for larger amount of rewards in future work. 

Finally, general negative symptom severity as measured by the BNSS for current participants 

was somewhat low compared to some other validation studies of the BNSS (Mucci et al., 2015; 

Strauss, Keller, et al., 2012). Thus, we cannot exclude the possibility that the relatively low level 

of negative symptom severity for our current participants may have contributed to our not finding 

diagnostic group differences in reward context effects. It would be useful to include participants 

with a wider range of negative symptom severity to address this in future studies.  

Summary 

At a behavioral level, individuals with schizophrenia did not differ significantly from 

controls in either reward cue or reward context behavioral effects. Further, at the neural level, 

individuals with schizophrenia, as a group, showed an intact pattern of greater sustained activity 

during reward context in the bilateral DLPFC like the HC. However, individual difference 

analyses revealed that greater amotivation symptoms were associated with reduced sustained 

context-dependent activity in the DLPFC as a function of rewards. Taken together, the current 

study provided neural evidence suggesting the relevance of patients’ DLPFC function during 

reward processing to amotivation symptoms of schizophrenia. 
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