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Abstract

Objective—Individuals with schizophrenia demonstrate cognitive, social cognitive and 

motivational deficits that contribute to impairment in real-world functioning. In the current study, 

we investigated the effects of supplementing computerized neurocognitive training with social 

cognitive exercises, as compared to neurocognitive training alone.

Methods—In this ongoing, double-blind, randomized controlled trial of 111 participants with 

psychosis, we compare the effects of supplementing intensive targeted cognitive training with 

social cognitive training exercises (TCT+SCT), to the effects of targeted cognitive training alone 

(TCT-only). Participants were assessed on cognition, symptoms, functional capacity and 

functional outcomes, as well as social cognition and measures related to reward processing.

Results—Both treatment groups showed significant improvement in multiple cognitive domains 

and improvement in functional capacity. However, as predicted, TCT+SCT group participants 

showed significant improvement in prosody identification and reward processing relative to TCT-

only participants.

Conclusions and Implications for Practice—Our findings indicate that supplementing 

intensive computerized cognitive training with social cognitive exercises in people with psychosis 

confers greater benefits in prosody identification and reward processing relative to cognitive 

training alone, even though both approaches drive significant improvements in cognition and 

functional capacity. Impairments in both prosody identification and reward processing have been 

associated with greater negative symptoms and poorer functional outcomes in schizophrenia, 

raising the possibility that this form of treatment may lead to better long-term outcomes than 

traditional cognitive training approaches. Follow-up assessments will determine if results are 

durable and generalize over time to improvements in symptoms and functioning.

Correspondence may be addressed to: Sophia Vinogradov, M.D., Department of Psychiatry, University of Minnesota Medical School, 
F282/2A West, 2450 Riverside Avenue, Minneapolis, MN 55454, svinogra@umn.edu, Phone: 612-273-9864; Fax: 612-273-9817. 
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ClinicalTrials.gov Identifier—NCT02105779
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Introduction

Schizophrenia is associated with significant deficits in neurocognitive functioning, including 

deficits in attention/vigilance, learning and memory, and executive functioning (Fioravanti et 

al., 2012). These deficits have been linked to poor social and occupational outcomes, and 

may account for 20–60% of the variance in real-world outcomes (Green et al., 2000). 

However, schizophrenia is also associated with significant deficits in social cognition -- the 

mental operations underlying social interactions (Brothers, L, 1990), including emotion 

recognition, social cue perception, and theory of mind (Penn et al., 1997; Green et al., 2008; 

Penn, Sanna, & Roberts, 2008; Pinkham et al., 2003). This can result in misinterpretations of 

the social intent of others, social withdrawal, and impaired daily social functioning (Fett et 

al., 2011; Green et al., 2012).

The unique contribution of social cognition deficits to psychosocial and clinical status in 

schizophrenia was first described by Penn and colleagues (Penn, et al., 1997). A seminal 

model developed shortly after by Green and Nuechterlein in 1999 proposed that basic 

neurocognitive deficits contribute to impaired social cognition in schizophrenia, which then 

impedes patients from developing successful social and occupational roles in real-world 

settings (Green & Nuechterlein, 1999). Indeed, a large body of research has since 

demonstrated that social cognitive abilities are unique and important determinants of 

functional outcome in schizophrenia (Bell et al., 2009; Couture et al., 2006; Vauth et al., 

2004). Both meta-analytic work and statistical modeling studies demonstrate that social 

cognition is more strongly related to community functioning, and explains unique variance 

in outcomes, above and beyond neurocognition alone (de Jong, de Gelder, & Hodiamont, 

2013; Fett et al., 2011; Schmidt, Mueller, & Roder, 2011). However, despite the robustness 

of these findings, a large proportion of the variance in functional outcome remains 

unaccounted for by cognitive or social cognitive measures (Couture et al., 2006; Fett et al., 

2011), prompting research on additional contributors.

Motivation appears to be one such important contributing factor. In a mediation analysis of 

1378 individuals with schizophrenia, Fervaha et al (2015) found that social cognition was 

related to functioning, and that this relationship was mediated by level of motivation. These 

findings suggest that: 1) Amotivation undermines social cognitive task performance, which 

leads to poor functioning, or, alternatively, 2) That poor social cognitive abilities impede 
motivation, which leads to poor functioning. While seemingly counterintuitive, several 

studies using path analysis, described below, support the latter hypothesis, and have very 

important treatment implications: If poor social cognitive abilities impact motivated 

behavior, will treatments targeting social cognitive deficits lead to enhancement of 

motivation, and ultimately, to improvement in functioning?
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Green et al. (2012), using structural equation modeling, found a single path running through 

early visual perception, social cognition, and beliefs/motivation to functional outcome. We 

found a similar relationship using path analysis: social cognition had direct effects on both 

motivation and functional outcome, and motivation played a significant and mediating role 

between neurocognition, social cognition, and functional outcome (Gard et al., 2009) 

(Figure 1). Finally, a recent path analysis found significant direct and indirect paths between 

social and neurocognition, motivation and negative symptoms, and functional outcome 

(Bhagyavathi et al., 2015). Notably, 1) Motivation and other negative symptoms mediated 

the influence of social cognition on functional outcome, and 2) Social cognition was the 

strongest predictor of motivation and other negative symptoms. As the authors note, these 

results suggest that correcting social and neurocognitive deficits may improve functioning 

directly, as well as indirectly by improving motivation and other negative symptoms. The 

implications are clinically very important, as negative symptoms have so far been 

notoriously difficult to treat.

The relationship linking social cognition to motivation and functioning in schizophrenia is 

not surprising, for we now know that the processing of socio-emotional stimuli is intimately 

integrated with neural systems related to reward, learning, and motivation (e.g. Adolphs, 

2009; Millan & Bales, 2013). Social stimuli are highly rewarding and can serve as primary 

reinforcement, activating reward-related neural structures, such as the ventral striatum and 

ventromedial prefrontal cortex (Hooker et al., 2006; Kampe et al., 2001; O’Doherty et al., 

2003). If people with schizophrenia have basic impairments in perceiving and accurately 

processing social stimuli, it is likely that this will affect operations in reward circuitry, and it 

suggests that improving these social cognitive operations might have a beneficial effect on 

reward processing pathways. A large body of work has linked impairments in reward 

processing with deficits in motivated behavior and with negative symptoms, suggesting that 

treatments that could improve reward processing in schizophrenia could also enhance 

motivated behavior (e.g., Segarra et al., 2015; Strauss, Waltz, & Gold, 2014; Young & 

Markou, 2015).

In the present study, we sought to capitalize upon this body of research on the relationship 

between cognition, social cognition, reward processing, and functional outcome and 

determine whether the effects of “cold” (i.e. non-social) cognitive training could be 

significantly enhanced by supplementation with computerized exercises that target social 

cognitive processes. In our previous studies, and consistent with a large body of work, we 

found that administering 40–50 hours of intensive computerized cognitive training of 

auditory processing yielded significant gains in multiple cognitive domains relative to a 

computer games control condition, but no gains in socio-emotional tasks or post-training 

assessments of functioning (Adcock et al., 2009; Fisher et al., 2009, 2010, and 2015). In 

contrast, in a pilot open-label study of 24 hours of the social cognitive training exercises 

used in the present study, and delivered as a stand-alone treatment in individuals with early 

psychosis, significant gains were shown on measures of social cognition, reward processing, 

and social functioning (Nahum et al., 2014).

Here, we delivered a large “dose” of targeted auditory and visual system training (TCT) 

supplemented with intensive social cognitive training (SCT) exercises, for a total of 70 hours 
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of training (i.e. TCT+SCT); we compared the effects to the same number of hours of 

targeted cognitive training that did not contain any social cognitive exercises (TCT-only). 

We presented the auditory and visual training modules serially over the course of the study, 

to avoid potential interference between the two modules (e.g. Rass et al., 2012). We 

hypothesized that: 1) Both groups would show significant gains in cognition; 2) 

Supplementation with social cognitive exercises (TCT+SCT) would enhance social 

cognition relative to targeted cognitive training alone (TCT-only); and 3) The TCT+SCT 

group would show greater gains in measures of reward processing and functioning relative to 

the TCT-only group.

Methods

Participants

We describe below our sample of 111 randomized participants (ClinicalTrials.gov Identifier: 

NCT02105779). Clinically stable participants with psychosis were recruited from outpatient 

clinics and mental health treatment settings in the community. All participants in this study 

had a diagnosis of schizophrenia, schizoaffective disorder, or psychosis not otherwise 

specified (NOS). All participants gave written informed consent and underwent a series of 

baseline clinical and cognitive assessments. Participants were stratified by age, education, 

and gender and randomly assigned to either the neuroplasticity-based targeted cognitive 

training plus social cognition training (TCT+SCT) condition or to the targeted cognitive 

training only condition (TCT-only). Participants were receiving case management in the 

community but reported no prior cognitive remediation treatment. All participants received 

$5 at the end of each successful day of training, and an additional $20 bonus for every fifth 

day of training, which was contingent on attendance only. A CONSORT diagram of 

enrollment and allocation is shown in Figure 2. We note that a 6 month follow-up 

assessment is currently in progress and not included in this report. Demographic 

characteristics are presented in Table 1 and medication regimens are shown in Supplemental 

Table 1.

Interventions

Targeted Cognitive Training (TCT) Exercises—Targeted cognitive training (TCT) 

was provided by software developed by PositScience, Inc. and consisted of 40 hours of 

auditory processing training followed by 30 hours of visual processing training. The TCT

+SCT group received 30 hours of the general auditory exercises supplemented with 10 hours 

of auditory social cognition exercises described further below, followed by 20 hours of 

general visual exercises supplemented with 10 hours of visual social cognition exercises. 

The TCT-only group received 40 hours of the general auditory exercises, followed by 30 

hours of the general visual exercises (Figure 2). In the general auditory and visual exercises, 

participants were driven to make progressively more accurate distinctions about the spectro-

temporal fine-structure of auditory and visual stimuli under conditions of increasing working 

memory load (i.e. increasing number of stimuli, and decreasing inter-stimulus intervals and 

duration of stimulus presentation). In the auditory exercises, stimuli across the exercises 

spanned the acoustic and organizational structure of speech, from very simple acoustic 

stimuli and tasks (e.g., time order judgments of rapidly successive frequency modulated 
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sweeps) to the complex manipulations of continuous speech (e.g., narrative memory) (Fisher 

et al., 2009). In the visual exercises, stimuli ranged from simple visual sine-wave sweeps to 

more complex and ecologically-meaningful visual stimuli such as birds, or cars and road 

signs. The tasks in the visual exercises ranged from simple perceptual discrimination tasks 

(e.g. discriminate direction of visual sweeps), to more complex tasks requiring multiple 

object tracking, divided attention, and spatio-temporal working memory (Surti et al., 2011).

Both auditory and visual exercises were continuously adaptive in that they first established 

the precise parameters within each stimulus set required for an individual participant to 

maintain 80% correct performance; once that threshold was determined, task difficulty 

increased or decreased systematically and parametrically as performance improved or 

declined. In all exercises, correct performance was heavily rewarded in a game-like fashion: 

each correct response was followed by novel and amusing visual and auditory 

embellishments as well as the accumulation of points. After several correct responses, a 

longer and more elaborate animation was provided. These same principles were applied in 

the second training module, focused on the visual system. All TCT exercises are listed in 

Supplemental Table 2.

Social Cognition Training (SCT)—Social cognition training was provided by the 

SocialVille program, an online (browser / iPad-playable) program developed by Posit 

Science, and which is designed to treat social cognition deficits in schizophrenia (Nahum et 

al., 2014). SCT training in the current study comprised of 9 exercises, which collectively 

target perception, attention and memory in the social cognitive domains of vocal and visual 

affect perception and social cue perception (gazes and faces). The TCT+SCT group 

completed the auditory portion of SCT (10 hours) during the auditory module and the visual 
portion of SCT (10 hours) during the visual module, in order to avoid potential interference 

in training effects between visual and auditory modalities.

The SCT exercises have similar structure and progressions to those included in the TCT 

modules, but instead they employ socially-relevant stimuli and discriminations with the goal 

of improving speed and accuracy in brain systems dedicated to the processing of social 

information (e.g., Nahum, Lee, & Merzenich, 2013). Participants are driven to make 

progressively more accurate discriminations in socially-relevant features such as faces, facial 

expressions, prosodic fluctuations, and gaze directions. For example, in a facial expression 

exercise the users are required to find a matching emotional expression to that of a rapidly 

presented target face. Throughout training, the facial expressions become more subtle and 

more difficult to discriminate, and the pool of emotions becomes larger. As in the suite of 

auditory and visual exercises, some exercises emphasize processing speed and require 

speeded discriminations, while others focus on memory, working memory and attention 

load, which increase progressively in the course of training. All SocialVille exercises used in 

the study are listed in Supplemental Table 3.

The sequence of training, hours of training, number of exercises completed per session and 

recommended training intensity are shown in Figure 2. Both groups received the same total 

number of hours of training, computer exposure, contact with research personnel, and 

monetary payments.

Fisher et al. Page 5

Psychiatr Rehabil J. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Average hours of training completed and training intensity during the auditory and visual 

modules are listed in Table 1. Seventy participants trained at the lab on laptops (39 TCT

+SCT, 31 TCT-only) and 41 participants completed training off-site via iPad (18 TCT+SCT, 

23 TCT-only). The difference in the number of participants in each group who trained via 

iPad was non-significant (Fisher’s Exact Test p=0.25). The iPad version of the exercises 

differed slightly from the laptop version in its user interface and exercise graphics, due to 

developments in Posit Science’s software packages over the years. However, the ‘active 

ingredients’ of each exercise were similar across platforms. These include the stimulus sets, 

stimulus progressions, adaptivity, and exercise logic.

Assessments

Diagnostic assessments were administered at baseline. All other assessments were 

administered at baseline, after 40 hours of training (the auditory module) and after 70 hours 

of training (both modules).

Diagnostic Assessment—At study entry, each participant received a standardized 

diagnostic evaluation performed by research personnel trained in research diagnostic 

techniques. Evaluations included the Structured Clinical Interview for DSM-IV Axis I 

Disorders (First et al., 2002), as well as review of clinical records and interview with patient 

informants (e.g., psychiatrists, therapists, social workers).

Neurocognitive Measures—The MATRICS Consensus Cognitive Battery (MCCB; 

Nuechterlein et al., 2008) was administered at baseline, and after 40 and 70 hours of 

training. All measures were distinct and independent from tasks practiced during training. In 

addition to the learning trials, the verbal and visual memory trials (i.e. delayed recall) of the 

Hopkins Verbal Learning Test-R (HVLT-R) and Brief Visuospatial Memory Test-R (BVMT-

R) were administered. Alternate forms of the HVLT-R, BVMT-R, and Nab Mazes tests were 

administered and counterbalanced. All tests were scored and re-scored by a second staff 

member blind to the first scoring.

Social Cognition and Motivation Measures of Reward Processing—Social 

cognition was assessed with the Mayer-Salovey-Caruso Emotional Intelligence Test 

(MSCEIT) Perceiving Emotions and Managing Emotions branches (Mayer et al., 2003), the 

Prosody Identification Test (PROID; Juslin & Laukka, 2001), and the Faux Pas Recognition 

Test which assesses theory of mind (Gregory et al., 2002; Stone, Baron-Cohen, & Knight, 

1998). Thirty-eight TCT+SCT and 40 TCT-only participants completed the PROID which 

was added to the battery after the study was initiated. Alternate forms of the Faux Pas 

Recognition Test were created (odd versus even numbered items) and counterbalanced.

The Temporal Experience of Pleasure Scale (TEPS; Gard, et al., 2006) was used as a proxy 

measure of reward processing related to motivated behavior. The TEPS assesses anticipatory 

pleasure and consummatory pleasure. Anticipatory pleasure is closely linked to motivation 

and goal-directed behavior while consummatory pleasure is associated with satiation (i.e. 

wanting versus liking). Research indicates that schizophrenia patients may have a deficit in 

anticipatory pleasure, but normal consummatory pleasure (Gard et al., 2007).
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To assess engagement during training, participants rated their level of interest/enjoyment in 

the cognitive training exercises using the 7-item subscale of Interest/Enjoyment from the 

Intrinsic Motivation Inventory - a 1–7 Likert scale, with higher scores corresponding to 

greater interest/enjoyment (Deci et al., 1994).

Symptom and Functional Outcome Measures—Symptom severity was assessed 

using the Positive and Negative Syndrome Scale (PANSS, Kay, Fiszbein, & Opler, 1987). 

Functional capacity was assessed with the University of California, San Diego, 

Performance-Based Skills Assessment--Brief (UPSA-Brief; Mausbach et al., 2007), in 

which participants are asked to role-play tasks in 2 areas of functioning: Communication and 

Finances. Quality of life was assessed using an abbreviated version of the Quality of Life 

Scale (QLS, Bilker et al., 2003; Heinrichs, Hanlon, & Carpenter, 1984), and using the Social 

Functioning Scale (Birchwood et al., 1990).

Research staff who conducted clinical or cognitive testing first completed extensive training 

on testing/interviewing and scoring criteria of individual items (e.g., scoring videotaped 

sessions, observation of sessions conducted by experienced staff, and participating in mock 

sessions). In our laboratory, intra-class correlation coefficients (ICC) are greater than 0.85 

for the PANSS and QLS Total and subscale scores. Participants and assessment personnel 

were blind to group assignment.

Statistical Analyses

The MCCB computerized scoring program was used to compute age and gender adjusted T-

scores and the composite scores. All variables were screened and normally distributed after 

winsorising of outlying values. An intent-to-treat analysis of all randomized participants was 

conducted (N=111) using a linear mixed-effects model with group and time as fixed factors. 

Model parameters were estimated using restricted maximum likelihood. Participant groups 

were compared on the change in the MCCB T-scores (listed in Table 2), measures of social 

cognition and motivation, the PANSS, UPSA-Brief, QLS, SFS totals and subscale scores. 

Effect sizes (Cohen’s d) were calculated using mean change scores (baseline to post-

training) and change score standard deviations. Independent Samples T-tests tested for group 

differences in demographic variables, hours of training, and training intensity. Fisher’s Exact 

Test or Chi-Sqaure Test tested for group differences in categorical variables (i.e. gender, 

diagnosis, medications, attrition).

Results

Demographics, Baseline Performance, and Attrition

At baseline, there were no significant differences between the TCT+SCT and TCT-only 

groups in demographic characteristics, cognitive measures, symptom severity, functioning, 

or medication regimens (Table 1 and Supplemental Table 1). TCT+SCT participants rated 

the training as slightly more enjoyable (M=5.24, SD=1.25) relative to TCT-only (M=4.79, 

SD=1.44), a non-significant difference (t(47) = 1.18, p = 0.25).

Attrition rates were also similar between the two groups (see Figure 2). A total of 21 TCT

+SCT (37%) and 19 TCT-only (35%) dropped out from the study, a non-significant 
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difference (Fisher’s Exact Test p=1.00). Participants who dropped out from the study and 

those who remained in the study were compared on demographic variables, baseline 

cognitive performance, symptoms, functional outcomes, and hours of training and training 

intensity (Supplemental Table 4). All group differences were non-significant with the 

exception of hours of training and training intensity, where those who dropped out 

completed less total hours and at fewer hours per week. Participants who completed training 

via iPad versus desktop computer were compared on these same characteristics 

(Supplemental Table 5). Participants who completed iPad training were significantly 

younger, with higher premorbid IQ, lower symptom severity, and completed less hours of 

training per week (training intensity) compared to participants who completed training in the 

lab. All differences in baseline cognition and functioning were non-significant.

The Effects of Targeted Cognitive Training on Cognition

In the total sample, omnibus test results showed significant main effects of time in Global 

Cognition (d=.63), Attention (d=.30), Speed of Processing (d=.42), Verbal Learning (d=.28), 

Visual Learning (d=.50), and Problem Solving (d=.40) (Table 2). All group-by-time 

interactions were non-significant.

The Effects of Social Cognition Training on Social Cognition and Reward Processing

Omnibus test results showed significant group-by-time interactions with the TCT+SCT 

group showing greater improvements in the Prosody Identification Task Correct Responses 

(d=.53) and Reaction Time (d=-.74), the TEPS Total Mean Item Score (d=.81), the TEPS 

Consummatory Pleasure scale (d=.77), and group differences at trend level significance in 

the TEPS Anticipatory Pleasure (d=.68), relative to the TCT-only group. The Faux Pas Test 

showed a significant main effect of time, with both groups showing improvement (d=.31) 

(Table 2 and Figure 3)

The Effects of Targeted Cognitive Training on Symptoms and Functioning

The UPSA-Brief omnibus test showed a significant main effect of time (d=.37). All changes 

in symptom severity, the Quality of Life Scale, and Social Functioning Scale were non-

significant (Table 2).

Discussion

Intensive Computerized Cognitive Training Drives a Range of Cognitive Improvements

Our interim results indicate that across both groups, a total of 70 hours of training -- 40 

hours of auditory systems training followed by 30 hours of visual systems training -- drives 

significant gains in Global Cognition, Attention, Speed of Processing, Verbal Learning, 

Visual Learning, and Problem Solving. These results are consistent with our previous study 

(Fisher et al., 2010; Subramaniam et al., 2014; Subramaniam et al., 2012) where we found 

that a higher “dose” and a “broad spectrum” training of both auditory and visual systems 

applied serially drives improvements in a large number of cognitive domains. We found no 

differential effect in “cold” cognition gains in the TCT+SCT vs. TCT-only groups, despite 

the fact that the TCT+SCT group received fewer hours of pure cold cognition exercises than 

the TCT-only group (30 vs. 40 in the auditory module, and 20 vs. 30 in the visual module). 
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This finding suggests that social cognitive training exercises can supplement a cognitive 

training regime without necessitating an increase in overall hours of training, and while still 

conserving the beneficial effects on general cognitive outcome measures. We note also that 

the magnitude of the effects on cognition in the present study ranged from small to medium, 

while in our prior studies, effect sizes ranged predominantly from medium to large. This 

difference is likely due to the computer games control condition used in our prior studies 

which drove small non-significant decreases in verbal cognitive measures in the control 

group, and which contributed to the overall magnitude of the effects.

Supplementation with Social Cognition Training Shows Positive Effects in Measures of 
Prosody Identification

As predicted, TCT+SCT participants showed significantly larger improvements in prosody 

identification, and in prosody identification reaction time, relative to TCT-only participants. 

In our pilot study (Nahum et al., 2014), we found that 24 hours of SocialVille training in 

recent-onset schizophrenia patients yielded similar improvements in prosody identification. 

Effect sizes in these social cognition measures were larger relative to effect sizes in the 

neurocognitive measures, and consistent with a recent meta-analysis (Grynszpan et al., 

2011).

Using emotional prosody stimuli developed by the same authors as was used in the current 

study (Juslin & Laukka, 2001), Gold et al., 2012 found that patients with schizophrenia 

show a large deficit in the ability to recognize emotion based on tone of voice, and this was 

significantly associated with impairment in detecting the underlying acoustic features such 

as change in pitch. A second study (Kantrowitz et al., 2013) showed that this reduced 

sensitivity to acoustic features correlated not just with deficits in emotional prosody 

identification but also with negative symptoms—supporting the notion that sensory-based 

social cognition training strategies to improve emotional prosody identification might 

ultimately have a benefit on negative symptoms such as amotivation.

There were no significant group differences in the MSCEIT Perceiving Emotions subscale. 

The TCT+SCT group showed the expected pattern of gains from baseline to 70 hours of 

training (d =.25) and the TCT-only group showed a small decline (d = −.05). It is possible 

that the study was underpowered to detect these group differences; it is also possible that the 

MSCEIT Perceiving Emotions subscale does not detect the changes harnessed by the 

Socialville exercises used in this study: speed of processing and working memory for 

elemental prosodic and facial affect information. There were also no significant group 

differences in the MSCEIT Managing Emotions or Faux Pas test. These measures assess 

higher-order social cognitive operations: Managing Emotions assesses participants’ ability to 

judge the actions that are most effective in obtaining a specified emotional outcome for an 

individual in a story, while the Faux Pas test assesses theory of mind. Exercises that 

specifically target higher-order cognitive processes (e.g. social perception, theory of mind) 

are likely needed to drive improvements in these domains. A meta-analysis of controlled 

trials of social cognition training found large effect sizes in affect recognition, moderate 

effects on theory of mind, and non-significant effects on social perception and attributional 
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style (Kurtz & Richardson, 2012). Recent reviews have echoed these findings (Fiszdon & 

Reddy, 2012; Kurtz et al., 2015).

Supplementation with Social Cognition Training Drives Improvements in Self-Report 
Measures of Reward Processing

A key result of the current study is that TCT+SCT participants showed significantly larger 

gains from baseline to 70 hours of training in self-ratings of TEPS Anticipatory and 

Consummatory Pleasure, relative to TCT-only participants. This result is consistent with 

similar changes in the TEPS Anticipatory Pleasure seen in our open-label pilot study 

(Nahum et al., 2014). Consummatory and anticipatory pleasure are basic behavioral 

manifestations of neural reward processing operations, and have been linked to motivated 

and/or goal-directed behavior (Cooper et al., 2015; Gard et al., 2007; Reddy et al., 2015; 

Strauss & Gold, 2012; Wang et al., 2015). Interestingly, in a recent baseline imaging study 

on a subset of our participants, we found an association between self-ratings of 

Consummatory Pleasure and abnormal patterns of activation in right inferior parietal lobe 

during anticipation of reward in the monetary incentive delay task (Subramaniam et al., 

2015). Together, the emerging cognitive neuroscience data suggest that the subjective 

experience of anticipating and receiving reward are related to specific activation patterns in 

prefrontal-ventral striatal systems, that abnormal patterns are present in schizophrenia, and 

that impaired reward-processing is related to deficits in real-world motivation and negative 

symptoms (Segarra et al., 2015; Yan et al., 2015; Young & Markou, 2015; for reviews, see 

Kring & Barch, 2014; Simpson et al., 2012; and Strauss et al., 2014). To the best of our 

knowledge, ours is the first randomized controlled trial to demonstrate that intensive training 

of social cognitive operations in schizophrenia could serve as a critical leverage point into 

driving adaptive change in these systems (Gard et al., 2009; Green et al., 2012). If 

successful, this may represent an important new treatment paradigm for addressing negative 

symptoms, which are extremely difficult to treat and which are accompanied by a high 

degree of functional impairment. However, our results require confirmation with a larger 

sample size since the omnibus test of Anticipatory Pleasure was at trend level significance 

(p=.06).

Intensive Cognitive Training May Have a Beneficial Effect on Functional Capacity

Participants in the total sample showed significant gains in the UPSA-Brief after 70 hours of 

training -- a measure of functional capacity that involves role-playing of skills related to 

daily functioning (e.g., counting and making change, paying bills, making a doctor’s 

appointment). The UPSA-Brief is highly correlated with cognition, including the MCCB 

global cognition composite score (Buchanan et al., 2011). Thus, it is possible that the 

cognitive gains generalized to gains in functional capacity. However, we found no significant 

changes in the Quality of life Scale or Social Functioning Scale, consistent with our prior 

reports (Fisher et al., 2009 and 2014). It would be highly unlikely that any training-induced 

cognitive improvements would have an immediate direct effect on these measures. In the 

recent report by McGurk et al. (2015), better occupational functioning over an 18 month 

period was seen after a combination of supported employment and cognitive remediation in 

individuals with serious mental illness (vs. supported employment alone), suggesting that 

cognitive improvement can open a window of opportunity for consolidation of functional 

Fisher et al. Page 10

Psychiatr Rehabil J. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



gains under the right psychosocial learning circumstances. Indeed, in our imaging studies we 

found a significant positive relationship between training-induced enhancements of 

prefrontal cortical activity and better ratings on social and occupational domains of the 

Quality of Life Scale six months after completion of training (Subramaniam et al., 2012 and 

2014).

Comparison to Other Studies of Combined Cognitive and Social Cognitive Computerized 
Training

Our results show some consistency with three studies that have tested the effects of 

computerized cognitive training combined with computerized social cognition training. In a 

pilot, single-arm study of 19 individuals with schizophrenia, our group combined 50 hours 

of auditory training with 12 hours of computerized training in emotion identification, social 

perception, and theory of mind tasks (Sacks et al., 2013). Participants showed significant 

improvements on multiple measures of neurocognition, social cognition (including the 

MSCEIT Perceiving Emotions and Managing Emotions branches), self-referential source 

memory, and a significant decrease in positive symptoms.

Lindenmayer and colleagues (Lindenmayer et al., 2013) tested the effects of 36 hours of 

CogPack exercises versus 24 hours of CogPack exercises plus 12 hours of social cognition 

exercises in 59 individuals with schizophrenia. Both groups showed improvement in 

cognition, while participants who received the combined training showed greater 

improvement in emotion recognition and discrimination, in the MSCEIT Managing 

Emotions branch, and greater MCCB improvement in global cognition, attention/vigilance, 

speed of processing, and working memory. The combined training group also showed 

greater improvement in social functioning, but no change in the PANSS subscales.

A third study compared the effects of 30 hours of computerized cognitive and social 

cognitive exercises from NeuroPersonalTrainer to the effects of 30 hours of computer tasks 

(e.g. computer skills training, internet games, and documentary videos) in 53 patients early 

in the course of the illness (Fernandez-Gonzalo et al., 2015). The combined cognitive and 

social cognitive training group showed significantly greater gains in visual working memory, 

visual learning, and emotion recognition. Similar to our study, there were no gains in 

measures of higher-order social cognition (e.g. theory of mind), and both groups showed 

improvement in PANSS subscales.

Study Limitations and Future Directions

One limitation of this study is the interim analysis conducted. While the findings suggest 

improvement in cognition and functional capacity in the total sample, and greater gains in 

prosody identification and reward processing in the TCT+SCT group relative to the TCT-

only group, we did not report on the effects at 6 months post-training since these follow-up 

assessments are still in progress.

The attrition rate is another limitation. By 70 hours of training, 37% of the TCT+SCT 

participants and 35% of the TCT-only participants dropped out from the study. This attrition 

rate is greater relative to other studies of combined cognitive and social cognitive 

computerized training exercises for individuals with schizophrenia. Lindenmayer et al. 
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(2013) showed a low attrition rate of 7% when training was provided for inpatients in the 

context of a 20-hour per week psychiatric rehabilitation program. Fernandez-Gonzalo et al. 

(2015) showed an attrition rate of 25% in outpatients who were in the early phases of the 

illness. Neuropsychologists in this study played an active role during all training sessions 

and provided individual coaching. The goal of the present study was to test the effects of the 

training when delivered as a stand-alone treatment. While both groups rated the training as 

“somewhat enjoyable,” the high attrition rate has implications for the delivery of treatment 

in real-world settings, and additional research is needed to determine how to increase 

adherence and retention.

Third, participants in this study were well-educated, with an average age of 43, which may 

limit the generalizability of our results to other samples. Finally, while we found significant 

improvement in functional capacity in the total sample, neither group showed significant 

improvement in symptom severity, quality of life, or social functioning immediately after 

training. In contrast, an open-label study of the Socialville exercises in young adults early in 

the course of schizophrenia showed significant gains in social functioning immediately after 

training (Nahum et al., 2014). It may be that gains in functioning in individuals with a longer 

course of schizophrenia are not evident immediately after training and will be evident only 

after a longer follow-up period. Or the difference between these studies might be the result 

of differences in the measures of functional outcome used.

Our findings indicate that an intensive cognitive training approach drives improvements in 

cognition and functional capacity in people with persistent psychotic illness, and that 

supplementation with social cognition training enhances prosody identification and self-

report measures of reward processing. Follow-up studies must determine whether gains in 

prosody identification and measures of reward processing translate into reduced negative 

symptoms and enhanced functioning—the holy grail of treatment research in schizophrenia 

(Keefe & Kraus, 2012).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A hypothesized model of the relationship between neurocognition, social cognition, 

motivation and functional outcome, adapted from Gard et al., 2009. Social cognition has 

significant direct effects on both motivation and functional outcome. Motivation is a 

significant mediating factor between social cognition and functional outcome.
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Figure 2. 
Consort Diagram of Study Participants.
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Figure 3. 
Performance in a) Prosody Identification, b) Prosody Identification Reaction Time, c) TEPS 

Anticipatory Pleasure, and d) TEPS Consummatory Pleasure at Baseline, 40, and 70 Hours 

of Training in the TCT+SCT and TCT-only Participant Groups.

Fisher et al. Page 20

Psychiatr Rehabil J. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fisher et al. Page 21

Table 1

Demographics of Targeted Cognitive + Social Cognitive Training Participants (TCT+SCT) and Targeted 

Cognitive Training Only Participants (TCT).

TCT+SCT (N=57)
Mean (SD)

TCT-only (N=54)
Mean (SD)

T-test
(p-value)

Female(N) / Male(N)a 13/44 19/35 (0.21)

Age 44.08 (13.05) 42.37 (12.65) 0.70 (0.48)

Years of Education 13.77 (2.23) 13.61 (2.26) 0.38 (0.71)

Wechsler Test of Adult Reading-- Premorbid IQ Estimate 102.04 (11.75) 102.51 (11.06) −0.22 (0.83)

Diagnosisb

 Schizophrenia(N) 39 31

 Schizoaffective Disorder(N) 17 22 1.48 (0.48)

 Psychosis NOS (N) 1 1

Positive and Negative Syndrome Scale Total 64.90 (17.00) 62.17 (14.31) 0.90 (0.37)

Quality of Life Scale -- Average Item Rating 3.10 (1.05) 3.28 (1.11) −0.84 (0.40)

Social Functioning Scale -- Average Subscale Total 108.03 (8.22) 107.92 (8.75) 0.08 (0.94)

Module 1 Dose (hours of training) 31.84 (15.39) 33.40 (13.14) −0.57 (0.57)

Module 1 Weeks of Training 12.05 (6.72) 13.62 (9.02) 1.03 (0.30)

Module 1 Training Intensity (hours/week) 2.85 (1.36) 3.09 (1.77) −0.80 (0.43)

Module 2 Dose (hours of training) 27.21 (9.70) 25.76 (10.36) 0.62 (0.54)

Module 2 Weeks of Training 11.53 (7.22) 10.16 (8.49) −0.74 (0.46)

Module 2 Training Intensity (hours/week) 2.98 (1.61) 3.46 (1.91) −1.11 (0.27)

a
Fisher’s Exact Test results.

b
Chi-Square Test results.
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