
Development and Evaluation of a Visual Remediation 
Intervention for People with Schizophrenia

Steven M. Silverstein1,2,3,4,*, Aaron R. Seitz5, Anthony O. Ahmed6,7, Judy L. Thompson1,8, 
Vance Zemon9,10,11, Michael Gara3, Pamela D. Butler9,10,11

1Department of Psychiatry, University of Rochester Medical Center, 300 Crittenden Boulevard, 
Rochester, NY 14642, USA

2Departments of Neuroscience and Ophthalmology, University of Rochester Medical Center, 210 
Crittenden Boulevard, Rochester, NY 14620, USA

3Department of Psychiatry, Robert Wood Johnson Medical School, Rutgers University, 671 Hoes 
Lane West, Piscataway, NJ 08854, USA

4Department of Ophthalmology, Robert Wood Johnson Medical School, Rutgers University, 675 
Hoes Lane West, Piscataway, NJ 08854, USA

5Department of Psychology, University of California at Riverside, 900 University Avenue, 
Riverside, CA 92521, USA

6Department of Psychiatry, Weill-Medical College of Cornell University, 21 Bloomingdale Road, 
White Plains, NY 10605, USA

7New York Presbyterian Hospital, 21 Bloomingdale Road, White Plains, NY 10605, USA

8Department of Psychiatric Rehabilitation and Counseling Professions, Robert Wood Johnson 
Medical School, Rutgers University, 75 Hoes Lane West, Piscataway, NJ 08854, USA

9Clinical Research Department, Nathan Kline Institute for Psychiatric Research, 140 Old 
Orangeburg Road, Orangeburg, NY 10962, USA

10Department of Psychiatry, New York University Langone Medical Center, 550 First Avenue, New 
York, NY 10016, USA

11Ferkauf Graduate School of Psychology, Yeshiva University, 1225 Morris Park Avenue, Bronx, 
NY 110461, USA

Abstract

It is now well documented that schizophrenia is associated with impairments in visual processing 

at all levels of vision, and that these disturbances are related to deficits in multiple higher-level 

cognitive and social cognitive functions. Visual remediation methods have been slow to appear in 
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the literature as a potential treatment strategy to target these impairments, however, in contrast to 

interventions that aim to improve auditory and higher cognitive functions in schizophrenia. In this 

report, we describe a National Institute of Mental Health (NIMH)-funded R61/R33 grant that uses 

a phased approach to optimize and evaluate a novel visual remediation intervention for people 

with schizophrenia. The goals of this project are: (1) in the R61 phase, to establish the optimal 

components and dose (number of sessions) of a visual remediation intervention from among two 

specific visual training strategies (and their combination) for improving low and mid-level visual 

functions in schizophrenia; and (2) in the R33 phase, to determine the extent to which the optimal 

intervention improves not only visual processing but also higher-level cognitive and role functions. 

Here we present the scientific background for and innovation of the study, along with our methods, 

hypotheses, and preliminary data. The results of this study will help determine the utility of this 

novel intervention approach for targeting visual perceptual, cognitive, and functional impairments 

in schizophrenia.
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INTRODUCTION

This paper describes a sequence of two clinical trials utilizing the NIH (NIMH) R61/R33 

grant mechanism. With this type of grant, the goals of the initial clinical trial (the R61) are 

to determine the ability of an intervention to successfully change a specific “target” 

mechanism, and to optimize the intervention through the evaluation of specific intervention 

parameters (e.g., dose, intervention components). The aim of the second clinical trial (the 

R33) is then to determine if the optimal intervention not only affects the “target” but also 

generalizes to other functional outcomes. The goals of this specific project are: (1) in the 

R61 phase, to evaluate the effects of two visual remediation strategies (and their 

combination) on the target of visual perception in schizophrenia in order to determine which 

approach, and at what dose, most effectively drives gains in the targeted perceptual 

processes in schizophrenia, and (2) in the R33 phase, to evaluate the effectiveness of the 

“optimal” intervention from the R61 in a new and larger sample, and to test the link between 

visual target engagement and treatment-related changes in higher-order cognitive, social 

cognitive, and functional domains. If successful, this project will identify a novel 

intervention strategy that fills the unmet need of alleviating core visual perceptual deficits 

and related higher-order cognitive and functional impairments in schizophrenia.

SIGNIFICANCE

It has become increasingly clear that schizophrenia is associated not only with cognitive 

deficits, but also with a wide range of visual perceptual impairments. These include 

alterations in low-level vision, such as visual acuity and contrast sensitivity [1–5]; mid-level 

vision, including various aspects of perceptual organization [6–10]; and high-level vision, 

such as in the effects of prior knowledge on visual perception [11,12]. It has been shown that 
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in many cases, these visual processing impairments are not manifestations of a generalized 

deficit, and are independent of medication effects [10,13–15]. Furthermore, some of these 

visual perceptual deficits have been shown to predate psychosis onset [16–18]. Multiple 

studies have indicated that these visual perceptual deficits are significantly related to 

impairments in higher-level cognitive and social cognitive functions, such as visual working 

memory [19–23], object recognition [7], and facial emotion recognition [24], as well as to 

poorer functional outcomes [25,26]. In addition to laboratory demonstrations of impairment, 

approximately 2/3rds of individuals with schizophrenia report visual perceptual 

abnormalities [27–29], and these distortions are among the strongest predictors of 

conversion to schizophrenia-spectrum disorders among high-risk youth [17]. The rate of 

visual hallucinations in schizophrenia has been estimated to be approximately 27% [30], 

with the prevalence among those with chronic schizophrenia closer to 50% [31,32]. It has 

also been shown that visual hallucinations are often under-reported due to a lack of careful 

questioning about them during clinical assessments [31]. Consistent with this, an 

experience-sampling study reported a rate of visual hallucinations of 62.5% in people with 

schizophrenia [33].

An open question is the extent to which some or all of these anomalies are related. As noted 

above, low-level visual disturbances are related to higher level visual impairments in 

schizophrenia, and there is some data suggesting that they are related to subjective 

experiences such as visual distortions [13,34] and possibly to visual hallucinations [32] as 

well (e.g., via attempts to compensate for reduced or degraded retinal and visual cortex 

input, as has been found in other disorders [35–38]). Consistent with the idea that living with 

abnormal visual representations and their consequences (e.g., slowness in, or interference 

with activation of appropriate lexical codes [39–41]) is related to the emergence of psychotic 

symptoms, evidence indicates that abnormal vision in childhood is related to an increased 

risk for schizophrenia [42–44], and that being born blind (but not acquired blindness) has a 

protective effect against the development of schizophrenia [43,45–47]. In short, visual 

disturbances are common in people with schizophrenia, they can have significant 

downstream effects, and these effects are often not subtle.

Despite this growing literature regarding the variety, prevalence, and significance of visual 

perceptual impairments in schizophrenia, few studies have evaluated the therapeutic 

potential of interventions designed to target specific visual processes to improve visual and 

related functions in this condition. Initial efforts to do so have demonstrated improvements 

on trained [48–50], as well as untrained [48,50] tasks. Although promising, these studies 

have generally been small, lacked a control group, and used training paradigms with a 

limited number of sessions. At the same time, a growing number of perceptual learning 

studies indicate that in both healthy controls and people with schizophrenia [51–56], 

performance on visual tasks can be improved with repeated practice over relatively short 

periods (e.g., 1–5 days). For example, we previously published a review on improvements in 

visual perceptual organization in schizophrenia after repeated task performance (typically 

over several consecutive days), based largely on a number of our earlier contour integration 

studies [56]. Furthermore, studies of visual interventions implemented with non-psychiatric 

samples, including the contrast sensitivity training program we are using for the current 

project, have demonstrated treatment-related gains that extended beyond the trained visual 
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function, including improved reading skills in controls [52] and people with dyslexia [57–

59], and improved batting averages in college baseball players [60]. These results suggest 

that improvements in low-level visual processes such as contrast sensitivity can lead to gains 

in higher-level, real-world functions.

Finally, a body of work evaluating the effects of a cognitive training program that 

emphasizes auditory sensory processing has demonstrated significant treatment-related 

improvements in higher-level auditory and verbal functions in schizophrenia, such as verbal 

working memory and verbal learning [61–63]. Although this program includes training on 

both low-level auditory targets and higher-level functions such as verbal memory and 

learning, it was observed that training-related gains in speed of auditory processing, a 

specific perceptual target of this intervention, were associated with improvements in global 

cognition, suggesting that gains in lower-level perceptual processes may contribute to 
improvements in higher-order cognitive functions in schizophrenia [64]. In short, multiple 

lines of evidence converge to suggest that remediation of visual function is possible, and that 

it could lead to gains in higher cognitive and related functions. However, despite this 

promise, and despite visual remediation being a well-developed field in its own right, e.g., in 

the areas of neurology and ophthalmology [65–67], what is not known is whether, in a well-

controlled study with a sufficient sample size and duration of treatment: (a) visual 

processing can be significantly improved in schizophrenia; and (b) improvements in visual 

processing will lead to improvements in higher-order cognition, social cognition, and 

functional capacity. Therefore, we sought to address these questions by evaluating a focused 

and systematic training program to remediate the two core processes identified by the 

NIMH-funded CNTRICS (Cognitive Neuroscience Treatment Research to Improve 

Cognition in Schizophrenia) initiative as being involved in visual impairments in 

schizophrenia: gain control and integration [68]. Gain control refers to the homeostatic 

amplification or attenuation of signals to keep neural activity within an adaptively limited 

signaling range, which serves to prevent under- or overstimulation, respectively. Integration 

refers to the binding of related stimulus feature representations into higher order 

representations for later processing (e.g., grouping by collinearity and similarity). For this 

project, we are focusing on what are arguably the two most frequently demonstrated 

manifestations of gain control and integration failures in vision in schizophrenia: 

impairments in contrast sensitivity [1,21,24,68–72] and perceptual organization [7,8,10,68], 

respectively. To operationalize our treatment targets we are using established tests of 

contrast sensitivity (CS) and perceptual organization (PO). To determine the specific effects 

of training in each of these processes individually and in combination, we set out to evaluate 

two complementary forms of visual remediation - one designed to target CS, and the other 

designed to target PO.

CS and PO have been extensively studied in schizophrenia, their neural mechanisms are 

relatively well-understood (see below), and their impairments predict higher-level 

dysfunction. For example, impairments in CS have been demonstrated in psychophysical, 

electrophysiological, and brain imaging studies of schizophrenia [1,21,24,69–71], and these 

are associated with failures in the later process of PO, as elaborated upon below, as well as 

with poorer facial emotion recognition [24], reading ability [19,20], cognition [21], and 

community functioning [1], in addition to perceptual distortions [34] in this condition. 

Silverstein et al. Page 4

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Furthermore, our preliminary data (see below) and evidence from the ophthalmology 

literature [73] indicate an association between impairments in CS and slower speed of 

processing, suggesting that impaired CS may affect performance on speed of processing 

tasks that use visual stimuli, and/or that both emerge from a similar neural substrate. It is 

also possible that reduced speed of processing leads to impaired CS, but we consider this 

unlikely due to the wealth of evidence on impaired CS in schizophrenia on tasks without a 

timed component.

PO impairments in schizophrenia have been observed in over 50 laboratory studies 

(reviewed in [7,8,10]), including in psychophysical [10], ERP [7,74] and fMRI 

investigations [7,75,76]. Subjective visual integration difficulties have also been reported in 

the clinical literature, an example of which is: “I have to put things together in my head. If I 

look at my watch I see the watch, the watchstrap, face, hands, and so on, then I have to put 

them together to get it into one piece” [77] (p. 229). As with CS, PO deficits are associated 

with decrements in higher-level functions, including constructing visual representations such 

as faces from degraded stimuli [4,78], forming visual memory representations [22,23], and 

recognizing facial emotional expressions [79]. PO impairments are also related to poorer 

functional outcomes [80,81]. For example, abnormal visual PO negatively predicted 

discharge to the community from a long-term inpatient psychiatric rehabilitation program 

more strongly than neuropsychological measures of reaction time, attention, memory, and 

executive functioning, over a 3-year period [82]. Thus, impairments in both CS and PO have 

been related to poorer role functioning [25,26]. Consistent with this, structural equation 

modeling (SEM) studies indicate a single pathway from visual dysfunction to functional 

outcome, with mediating variables that include social cognition [25,26,83]. Such findings 

support a cascade model in which degraded visual representations contribute to difficulties 

in higher-level processing [25,84], and “helps to provide a rationale for early perceptual and 

cognitive interventions, such as plasticity-based training,” [85] (p. 1223).

The neural mechanisms involved in CS are relatively well understood. As noted above, CS 

has been viewed as a form of gain control [86,87]. Gain control involves both amplification 

and suppression of signals to keep neural activity at or near optimal levels; this homeostatic 

function thereby serves to reduce the risk of sensory deprivation-induced hallucinations that 

may result from insufficient cortical activation [88], and the risk of stimulus overload related 

to excess activation [68,87,89]. Weaker signals, such as those involving low contrast and/or 

low spatial frequency (LSF), are amplified, and stronger signals are attenuated, with the full 

contrast-response function therefore following a classic sigmoidal curve. At the neural level, 

both amplification and attenuation are thought to arise from divisive normalization [90–92], 

in which target signal strength is modulated as a function of total activation in the cortical 

region [1,24,93–96]. Evidence that observer CS in a psychophysical task corresponds with 

level of neural activation, and that it is modulated by gain control, comes from several 

sources. One is that, using single-unit microelectrode recording in cat V1, the inverted U-

shaped psychophysical CS function (CSF) was highly correlated with the neuronal CSF 

[97,98]. Another is that the fMRI BOLD response in V1 in humans covaries with contrast 

enhancement [98] and spatial frequency (SF) [99], with the relationship being especially 

tightly coupled for LSF stimuli [100]. In short, gain control keeps responses within an 

adaptively limited signaling range, and both of the CS assessment formats we propose to use 
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generate data that can be interpreted clearly within cognitive neuroscience models of gain 

control in schizophrenia and healthy populations.

The neural mechanisms involved in PO are also relatively well-understood. Grouping of 

visual features that are collinear, or whose orientation changes in a systematic way so as to 

form a surface that might be found in nature (e.g., a curve) involves short-range lateral 

excitatory activity between neurons signaling correlated features, and corresponding 

inhibitory activity between neurons signaling visual features whose orientations are not 

strongly correlated [14,101–104]. Feedback to primary visual cortex (area V1) from higher 

visual regions associated with shape perception (and with larger receptive fields), such as 

V2, V3, V4, and the lateral occipital complex (LOC) strengthens activation related to lines, 

surfaces, and shapes relative to background features [105,106]. In cases where 

configurations are more novel, feedback from frontal regions may be needed to reliably 

perceive perceptual wholes [107].

Training and Assessing CS

As noted, the first level of remediation that we will evaluate targets gain control, in the form 

of CS. To remediate CS impairments in schizophrenia, we are using the contrast sensitivity 

training (CST) program of the Sightseeing App, which targets CS across a wide range of 

spatial frequencies (i.e., fine to broad lines corresponding to high to low SF, respectively). 

Sightseeing is ready for early-phase testing in participants with schizophrenia, and has been 

made available by the University of California, Riverside Brain Game Center for Mental 

Fitness and Well-being that was established by the second author [52,60,108]. This 

intervention is described more fully below.

To assess target engagement for the CS intervention (CST), we will use two complementary 

paradigms, one psychophysical and the other electrophysiological, both of which were 

recommended by the CNTRICS initiative to assess the construct of gain control in vision 

[86,109]. Psychophysical CS assesses the lowest level of contrast at which stimuli presented 

at different spatial frequencies (SFs) can be detected. Studies of psychophysical CS show 

that people with schizophrenia need higher contrast than controls to detect stimuli across the 

range of SFs (i.e., they have lower CS overall), although deficits in processing low SF (LSF) 

stimuli have been more pronounced in some studies of schizophrenia [1,21,24,110]. 

Furthermore, deficits in LSF processing are related to impairments in object recognition 

[110], face processing, and facial emotion recognition in schizophrenia [4,78,111–116]. 

Therefore, we are focusing primarily on CS for LSF stimuli, although we will also examine 

effects for high SF (HSF) stimuli, given that some studies indicate a schizophrenia-related 

impairment in HSF processing as well [117,118]. Because features within LSF stimuli are 

relatively large, there is less of an effect of visual acuity on their detection, as opposed to 

fine-grained HSF stimuli, the detection of which relies rely heavily on acuity. Thus, our 

focus on LSF processing also helps to minimize the potential confound of impaired visual 

acuity in people with schizophrenia on task performance [5,117,119]. Electrophysiological 
CS involves recording the steady-state visual evoked potential (ssVEP) in response to 

stimuli varying in contrast [1,86,95,96,109]. The ssVEP measure provides a rapid, objective 

assessment of visual cortical responses to a range of contrast levels without requiring 
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behavioral responses from participants. Studies of ssVEP in schizophrenia consistently show 

impairments, and these are most pronounced at low contrast levels. These investigations 

have also indicated that weaker ssVEP responses to low-to moderate contrast stimuli (16–

32%) are significantly correlated with poorer behaviorally-assessed CS [1], facial emotion 

recognition [24], Global Assessment of Functioning (GAF) scores, and Problem Solving 

Factor scores on the Independent Living Scale [1].

Training and Assessing PO

The second level of remediation in the R61 targets visual integration, in the form of PO. We 

are focusing specifically on the visual PO process of contour integration. We have developed 

a program for contour integration training (CIT), also built into the Sightseeing App, via 

modification of a contour integration task developed for use in schizophrenia by the first 

author and colleagues, and used previously in multiple behavioral, ERP, and fMRI studies 

[8,74–76,117,120]. Our hypothesis regarding the ability of CIT to drive gains in PO is based 

on prior demonstrations of perceptual learning in controls and participants with 

schizophrenia (albeit at a slower rate in the latter group) with similar versions of this task 

[8,56,80]. For example, healthy controls showed improved detection of a collinear path over 

12 days of training [121], improved performance on a closed contour integration task across 

test sessions that spanned 2 consecutive days [122], and gains in identifying interpolated 

shapes over 4 days [123]. In addition, in monkeys, behavioral performance and V1 activity 

increased consistently over 10 days of contour integration training [124]. People with 

schizophrenia showed improved contour integration performance following 2–4 days of 

exposure to the task in the study cited above in which controls reached asymptotic 

performance after 2 days [80], and improved pattern recognition across a single session of 

training involving 600 trials [23,82]. In addition, there are numerous studies that provide 

validity, reliability, and short-term perceptual learning data for contour integration 

paradigms [8,56,124]. A further advantage of this task is that the neural mechanisms 

underlying performance have been demonstrated in monkeys and non-clinical human 

samples [125–129], and neural correlates of impairment (e.g., in V2, V3, V4, LOC, and 

frontal-parietal regions) have been identified in participants with schizophrenia [75,76]. 

Therefore, demonstration of improved performance after remediation would lead naturally 

to EEG and fMRI studies of training-related activation changes in specific regions of interest 

and brain networks.

To assess target engagement for the PO intervention (CIT), we will use two tasks. The first is 

the original contour integration test recommended by the CNTRICS initiative for use in 

treatment studies of schizophrenia [8], namely the Jittered Orientation Visual Integration 

(JOVI) task [8,56,76]. The JOVI involves identifying the direction of an egg-shaped contour 

made up of individual Gabor elements with gaps between them so that the participant has to 

perceptually integrate the Gabors to perceive the shape (Figure 3). The task has been 

optimized for use in clinical trials of people with schizophrenia [8,76]. Although there are 

differences between the PO training task (CIT) and the JOVI in terms of the specific stimuli 

(i.e., circular vs. oval shapes, respectively) and response requirements (identifying the 

location of the target circle vs. indicating whether the centrally-presented egg-shaped 

contour is pointing left or right), which should preclude confounds based on low-level 
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perceptual learning (e.g., learning that is specific to one area of visual space, or to a single 

shape), we will also include a second outcome measure, one that does not share method 

variance with the training task. The second PO task uses the Ebbinghaus illusion, in which a 

center circle appears smaller if it is surrounded by (i.e., grouped with) larger circles and 

appears larger if it is surrounded by smaller circles (Figure 5). The task requires subjects to 

choose which display (on the left or right of the screen) contains the array with the larger 

central circle. By manipulating the difference between the actual sizes of the central circles, 

and whether the size of the surrounding circles causes the inner target circle to appear 

smaller or larger than its actual size, a psychophysically precise measure of illusion strength 

is obtained. The first author has used this task extensively [130–133], and one of its 

appealing aspects is that, due to their reduced grouping of the central target and the 

surrounding circles, people with schizophrenia perform more accurately (in all studies cited 

above) than controls on trials in which the surrounding context is normally misleading (e.g., 

when the larger of the two inner circles is made to appear smaller by surrounding it with 

large circles). Evidence that both the JOVI and Ebbinghaus tasks involve PO comes from a 

significant inverse correlation between scores such that a lower score on the JOVI is 

associated with higher scores in the misleading condition on the Ebbinghaus task [131].

Study Goals, Aims, and Hypotheses

The goal of the R61 is to determine the optimal intervention, from among two treatment 

strategies and their combination, for improving the targets of CS and PO. Both of these 

interventions, namely the contrast sensitivity training (CST) and contour integration training 

(CIT), are included in the Sightseeing App. We will examine the effects of these 

interventions individually and in combination (CST & CIT). An active computer-based 

control treatment (ACCT; described below) will control for non-specific training elements. 

We will collect data on 20 participants per condition. Each subject will complete 40 training 

sessions, with assessments after every 10 sessions.

R61 Specific Aim: To determine the effects of CST and CIT on CS and PO targets. We 

will determine if treatment effects meet a pre-specified criterion for clinical significance, 

operationalized as a Cohen’s d (effect size) of 0.4, and if so, the minimum dose (i.e., number 

of training sessions) associated with this effect. Hypothesis 1a: CST or CST & CIT will lead 

to significantly greater gains in CS than will ACCT. Hypothesis 1b: CIT or CST & CIT will 

produce significantly greater improvements in PO than will ACCT. The Go Signal for 

continuing to the R33 phase is Cohen’s d ≥ 0.4 for Hypothesis 1a and/or Hypothesis 1b. 

Through the R61, we will determine which treatment and at what duration (i.e., dose) best 

improves the target(s); this will be considered the optimal visual remediation intervention, to 

be carried forward for further evaluation.

The goal of the R33 is to conduct a randomized controlled trial (RCT) of the optimal visual 

remediation treatment (from the R61), testing its effects on target engagement, and on 

clinical outcome domains (cognition, social cognition, and functional capacity). This will be 

done using two parallel arms (the best R61 treatment vs. ACCT), with n = 50 per group.
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R33 Specific Aims: (1) To replicate and extend evidence for visual target engagement, 

using the optimal treatment from the R61, in a new and larger sample. Hypothesis 1: The 

optimal treatment will be more effective than the control treatment (ACCT) at improving CS 

and/or PO; and (2) To determine if visual target engagement is significantly associated with 

improvements in higher-order cognitive, social cognitive, and functional domains, and to 

generate estimates of effect sizes to guide future studies. Hypothesis 2: Improvements in 

target function will be related to changes in specific cognitive, social cognitive, and 

functional domains. If both hypotheses in the R33 are confirmed, the results will motivate a 

later RCT to assess the efficacy of a visual remediation treatment for schizophrenia with a 

wider range of outcome variables. If Hypothesis 1 is confirmed but Hypothesis 2 is not, the 

results will be used to clarify by which (other) mechanisms improvements may occur. If 

Hypothesis 2 is confirmed but Hypothesis 1 is not, we will evaluate if this is due to subgroup 

and/or state effects.

This project will advance knowledge of intervention and disease mechanisms, whether the 

trial results are positive or negative. In the R61, we will learn whether targeting either or 

both levels of visual function improves the perceptual targets. The assessment of whether 

changes in the visual targets drive changes in other functions in the R33 will provide 

information about disease mechanisms by clarifying the links between visual perception and 

cognitive and social cognitive function. Although there are multiple ways that a “go” signal 

in the R61 can be achieved, each of these possibilities would represent a novel finding in its 

own right and would motivate further studies of visual remediation in schizophrenia. More 

importantly, however, the R33 will serve, in part, as a replication and extension study of the 

R61: Observing that the optimal R61 intervention is effective in a second study, with a larger 

sample and a similar degree of target engagement, would provide confidence that any R61 

findings are not spurious.

At a more basic level, as noted above, we are studying the effects of targeting basic forms of 

gain control and integrative processes on higher-level perceptual and cognitive processes. 

We are including two intervention components (CST and CIT) in order to explicitly target 

both CS and PO because there is evidence that both aspects of visual function are impaired 

in schizophrenia AND that impairments in both are related to poorer functioning in multiple 

domains. Because this is one of the first controlled studies of perceptual remediation of these 

functions in schizophrenia, we wish to remain agnostic regarding whether the combined 

treatment (CST & CIT) will be more effective than either CST or CIT alone, although we 

anticipate that the combination may have additive or synergistic effects on one or both levels 

of vision. By assessing improvements related to the single treatment (CST or CIT) AND to 

the combined intervention at each level of vision, we will be able to provide a strong initial 

statement regarding the important question of differential and combined intervention effects. 

Future clinical trials will determine whether there are subgroups of individuals with 

schizophrenia (e.g., those who are more impaired on CS or PO at baseline) who are 

especially likely to benefit from these interventions. This is not a specific aim for this initial 

clinical trial because even people without visual impairment can improve their visual 

functioning [52,60,108]; however, our data will allow us to assess the degree to which 

improvement is a function of baseline CS and PO.
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INNOVATION

This proposal is innovative in several respects. First, while there is a burgeoning literature on 

cognitive remediation in schizophrenia (e.g., [62,134–136]), much of this work targets 

higher cognitive processes such as executive functioning and working memory, and assumes 

that perception is intact. As a result, despite the large body of evidence demonstrating 

impaired visual perceptual function in schizophrenia, there have been few attempts to 

evaluate the effects of visual training on specific visual processes in this condition. While 

CS and PO have been shown to be plastic in terms of performance improvement with 

repetition in prior laboratory studies, including in people with schizophrenia 

[52,54,56,60,108], the effects of systematic visual training of these processes for longer than 

a few days had not yet been studied in this population in a controlled study at the time this 

grant was funded. Second, unlike many cognitive remediation interventions that use games 

with unclear “doses” for specific functions, we are targeting two well-understood perceptual 

processes with interventions that clearly target these processes [68,86,109]. Third, many 

current perceptual learning approaches emphasize single processing mechanisms and 

produce results that are specific to the trained stimulus features [124,137], which has limited 

generalizability. The Sightseeing program addresses these issues by combining multiple 

perceptual learning approaches (e.g., engagement of attention, reinforcement)—each of 

which has been shown in past studies to contribute to increasing the speed, magnitude, and 

generalizability of improved CS into an integrated perceptual learning application. A 

predecessor of Sightseeing, called ULTIMEYES, has been shown in non-psychiatric 

samples to improve not only CS but also functioning in real-world activities [52,60,108]. 

Fourth, the PO training program we developed (CIT) is innovative; at the time of submission 

of the grant application, we were able to identify only one published paper on improving PO 

in any population [138], and this was over 30 years old. Subsequent to beginning the project, 

a second paper, on PO training in schizophrenia, was published [139]. Our proposed 

intervention is based on knowledge gained from our 30 years of studies in controls and 

participants with schizophrenia regarding the factors that contribute to PO, and how 

performance can change over time. Despite extensive evidence for PO impairment in 

schizophrenia [7], little is known about the maximum extent to which it can be improved, 

the amount of training needed to obtain gains, the durability of gains, or their functional 

significance. Fifth, the additive and/or interactive effects of multiple forms of visual 

remediation have never been investigated. This would be the first examination of whether 

targeting both CS and PO is more effective than targeting either single process alone. The 

construct of gain control (operationalized here in the form of CS) and the construct of 

integration (operationalized as PO) were identified by the NIMH-sponsored CNTRICS 

initiative, and the RDoC cognitive domain, as high-priority cognitive neuroscience 

constructs relevant to schizophrenia and its treatment [68]. Sixth, we will examine training 

effects on higher-level processes with a focus on comparing effects on visual vs non-visual 

cognition, which has not yet been done in a controlled study.

Silverstein et al. Page 10

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



APPROACH

Preliminary Data

CST pilot study: Pilot data from patients with schizophrenia at the Nathan Kline Institute 

(NKI) and Rutgers showed good retention with 6 of 7 participants (86%) completing at least 

30 sessions of CST. This completion rate is similar to previous single-site cognitive 

remediation studies [62,134,140] and to an average retention rate of 87% in a meta-analysis 

of 40 cognitive remediation studies in schizophrenia [136]. This is also comparable to the 

93% retention rate of CST in healthy young adults carried out by the second author (co-

investigator and developer of Sightseeing) and colleagues. Our preliminary work with 

participants with schizophrenia show that CST is well tolerated, and even enjoyed, as 

described in our recent publication [141]. Across our pilot-study participants, CS improved 

32%, with an increase in the peak contrast spatial frequency of 1 cycle/degree (pre-training 

peak spatial frequency of 3.14 ± 0.24 vs post-training of 4.15 ± 0.70, p = 0.14, d = 0.96). 

Additionally, patients improved on contour integration (p = 0.11, d = 0.85). With such a 

small sample (N = 6), our results were not statistically significant. However, the magnitude 

of CS improvement that we observed is similar to that from published studies of CST with 

non-psychiatric samples.

CST findings in non-psychiatric samples: In previous research on CST conducted by 

the second author, CS improved in healthy normal-sighted individuals after ~30 sessions of 

training [108], with effect sizes ranging from d = 1.6 for LSF to 0.63 for HSF stimuli. In 

another study, college baseball players displayed significant improvements in CS (Figure 1) 

and batting average [60] after CST training, with effect sizes ranging from d = 0.34 to 0.59 

(with the lowest effect size for CS to HSF stimuli). Additionally, university students 

demonstrated improved reading ability after CST training. Specifically, reading acuity 

improved an average of 13% (d = 0.38), moving from a pre-training mean logMAR acuity of 

−0.06 to a post training value of −0.11, (SD = 0.02). Reading speed improved 13% (d = 

0.57), moving from a pre-training mean value of 240.0 words/min to a post-training value of 

270.6 words/min (SD = 8.28) [52]. In addition, older adults with presbyopia displayed 

improved CS after undergoing CST training [52]. It is important to note that in the studies of 

CST in which CS was assessed [52,60,108], CS improved significantly, as seen in a shift 

upward across spatial frequencies (Figure 1). Effect sizes were relatively large in the trained 

group in these studies and the average d for LSFs, which is the target for this proposal, 

ranged from 0.45 to 1.0 across studies. Based on these data and our pilot data collected with 

participants with schizophrenia, as described above, we expect to observe significant CST-

related gains in CS among the participants of this project.

Preliminary and related data that motivate the targeting of CS: In a study 

conducted by the first author’s lab, we found that lower peak CS was related to poorer 

contour integration (r = 0.69, p < 0.01) among participants with schizophrenia (N = 17). The 

senior author’s lab recently observed that, in a sample of 32 schizophrenia participants, 

lower CS at 1 cycle/degree was related to poorer performance on the WAIS PO Index (r = 

0.41, p = 0.02) and the MATRICS visual learning task (r = 0.46, p = 0.006). In addition, a 

cluster analysis indicated that participants who were more impaired on CS were also more 
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impaired on speed of processing, PO, visual learning, and emotion recognition (p = 0.02 to < 

0.001), but not on reasoning and problem solving or verbal learning, nor did they have more 

severe symptoms (ps ≥ 0.05), suggesting that CS deficits in schizophrenia are not a 

manifestation of a generalized deficit [142]. These data fit current models in which CS 

occurs very early during visual processing, whereas PO is an integrative process that occurs 

later and involves binding of feature representations, the quality of which is determined in 

part by CS. In addition to effects of low CS on PO, studies have shown that participants with 

schizophrenia who have impaired CS have greater reading deficits [19,20] and poorer facial 

emotion detection [24]. Further, in pilot work using structural equation modeling (SEM), we 

have found that associations between abnormal VEPs and impaired visual learning and PO 

were significantly mediated by CS [143]. In short, there is reason to expect that improving 

both CS and PO will lead to higher-level changes in perception and cognition.

Inclusion/Exclusion Criteria for the R61 and R33

Inclusion: (1) SCID-5 diagnosis of schizophrenia; (2) 18–60 years old; (3) speaks English; 

(4) able to complete the MATRICS Consensus Cognitive Battery (MCCB) at the baseline 

assessment (for the R33); (5) a raw score of 37 or greater on the Wide Range Achievement 

Test, Reading subtest (WRAT-3), to establish a minimum reading level (6th grade) and to 

estimate premorbid IQ; and (6) clinically stable as indicated by no antipsychotic medication 

changes in the last week or if on depot, no change in the past 1 month. Exclusion: (1) 

history of intellectual disability, developmental disorder, or neurological disorder; (2) history 

of brain trauma associated with loss of consciousness for >10 min or behavioral sequelae; 

(3) alcohol or substance use disorder within the last month; and 4) history of eye disease 

(e.g., glaucoma; diabetic retinopathy). Tobacco use and medication dose equivalents [144], 

including an index of anticholinergic load [145], will be used in data analyses.

R61 Phase

Study design–R61: 80 subjects will be enrolled in this study, 20 per condition. Forty 

participants will be recruited at each site, namely New York Presbyterian Hospital (NYPH) 

and the Nathan Kline Institute (NKI). Subjects will receive 40 sessions of the intervention, 

and will participate in assessments of the treatment targets, CS and PO, at baseline, after 

every 10 sessions, and at 6 months post-training, for a total of 6 visual assessments. With 3–

4 sessions per week, the intervention will be completed over 13 to 14 weeks. Each site will 

aim to enroll ~ 2 participants each month, which is similar to what Keefe et al. [63] 

estimated as a “reasonable rate of recruitment for a large-scale efficacy trial” of cognitive 

remediation. Given that at the 6-month follow-up, nearly all participants are expected to still 

be engaged in treatment in some form at NYPH or at NKI which is on the grounds of the 

Rockland Psychiatric Center, we expect attrition to be minimal. However, several methods, 

including monthly phone calls, will be used to maximize retention. For the R61 and R33, 

training sessions will be run in small groups by front-line staff who have already received 

training in these interventions, or whom we will train.

Treatment conditions and randomization: To control for the amount of time spent in 

treatment, the four treatment conditions will consist of the following: (1) CST & ACCT (half 

of each session will be spent on each intervention); (2) CIT & ACCT (half of each session 
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will be spent on each intervention); (3) CST & CIT (half of each session will be spent on 

each intervention; and (4) ACCT&ACCT (i.e., each session will be spent entirely on 

ACCT). Sessions will be the same length in each of the 4 treatment conditions. Subjects will 

be randomly assigned, within site, to one of the 4 conditions in a ratio of 1:1:1:1. The 

treatment assignment will be made after a subject has met all entry criteria and completed 

baseline testing, to avoid bias.

Go/No-Go Criterion: We will proceed to the R33 phase if: (1) the CST-related effect size 

(i.e., the effect size of the difference between the CST & ACCT (or CST & CIT) and ACCT 

& ACCT groups in the degree of change in CS) is greater than or equal to a Cohen’s d of 0.4 

for either the psychophysical or ssVEP CS task; and/or (2) the CIT-related effect size (i.e., 

the effect size of the difference between CIT & ACCT (or CST & CIT) and ACCT & ACCT 

groups in the change on either of the PO tasks is greater than or equal to d = 0.4. Pre-post 

change scores for CS and PO target assessments will be calculated for each individual and 

used to determine effect sizes between groups. We will not control for baseline values 

consistent with recommendations to use “straight” change scores when examining cognitive 

change across two time points [146–152].

Rationale for our effect size choice: The effect size criterion we have chosen for the 

R61 “go” signal (d = 0.4) is similar to that observed in many studies of cognitive 

remediation, and of other treatments for this population, such as skills training and family 

psychoeducation [134,136,153,154]. However, less is known about effect sizes of perceptual 

remediation, and most of the evidence on this in schizophrenia comes from studies of 

auditory training using the Posit Science auditory training module [61–63], which includes 

training on both low-level auditory targets and higher-level auditory-verbal cognition (e.g., 

verbal working memory and learning) [61,155]. Results from one study indicated an 

improvement in the target of auditory processing speed [61] that was of large effect (d = 

0.875). The authors also observed a medium-to-large effect on global cognition (d = 0.73). 

Results from other studies of this auditory training module in schizophrenia have indicated 

large treatment effects (d = 0.86) for both verbal learning and global cognition, and a 

medium effect (d = ~0.65) on the auditory target of P50 gating [62,155]. While these effect 

sizes are larger than our chosen criterion (d = 0.4), it is also important to note that some 

studies of Posit Science training modules have not demonstrated significant improvement on 

non-trained tasks [63,156]. Moreover, across studies, the largest effects have tended to come 

from studies for which daily training (5 days a week) was used, and subjects were paid for 

completing training sessions, and these are two conditions that can rarely be met in real-

world psychiatric clinics. These considerations have informed our choice of our ‘go signal’ 

criterion, because there are as of yet very few published studies of visual remediation in 

schizophrenia. One small (N = 9) uncontrolled study of visual backward masking training 

found an effect size of d = 0.43 for improvement on the MATRICS visual learning task [50]. 

The first author’s research group observed an improvement of large effect (phi = 0.63) in 

contour integration performance among participants with schizophrenia after 4 consecutive 

days of practice on a contour integration task [80]. Even larger effect sizes were seen for 

changes in CS (d = 0.96) and PO (d = 0.85) in our small pilot sample of patients with 

schizophrenia, but given the small sample size and lack of a control group in that pilot study, 
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it can be assumed that the real effect size is lower. Thus, findings from these initial 

evaluations of visual remediation support our use of d = 0.4 as a “Go” signal for target 

engagement. However, we acknowledge that it is not yet clear from the literature how an 

effect of this size relates to meaningful improvements in visual and higher-order cognitive 

processes and/or functional capacity. The proposed R33 will allow us to address this 
question in a preliminary manner. If results from the R33 trial are positive, we will seek 

funding for a larger trial to evaluate the impact of this treatment on functional outcomes, and 

to identify mediators/moderators of treatment response.

If the Go criterion is met for any of the treatment conditions, we will perform a thorough 

investigation of the effects of CST, CIT, and CST & CIT on the CS and PO target scores to 

determine which remediation strategy to use for the R33. Analyses will also include (i) 

assessment of the trajectory of performance on the target measures over the course of 

treatment; (ii) determinations of whether the improvements plateau prior to the 40th session 

or whether they continue throughout the training period; and (iii) evaluations of whether any 

combined effects of CST and CIT are additive or multiplicative. These goals will be 

accomplished by first graphically examining the trajectories of target change to assess 

whether they are linear, monotonic non-linear, quadratic, or any other shape. After that, 

appropriate models for longitudinal data analysis will be applied to estimate improvement 

rate and time to asymptote. We will account for CPZ-equivalent dose of antipsychotic 

medications in all models, using CPZ dose as a time-varying covariate if necessary, and will 

also account for type of antipsychotic medication and anticholinergic load. Those models 

will also be used to examine whether baseline characteristics moderate the effect of CST 

and/or CIT on the targets. These analyses will allow us to ascertain: (1) whether CST alone, 

by targeting CS function, has a cascading effect on PO; (2) whether CIT improves CS while 

targeting PO function; and (3) whether CST & CIT has a stronger effect than either 

intervention alone for any outcome. If all 3 treatment conditions are effective to an 

equivalent degree, the criterion will be reaching asymptotic level of improvement earliest.

Sample size determination: The sample size of the R61 study (n = 20/group) was 

selected to ensure that when the true size of the effect of CST or CST & CIT on the CS 

target, or CIT or CST & CIT on the PO target, is d = 0.4, the 95% confidence interval (CI) 

for the effect size does not contain zero. Given data on the CS measure over time in the CST 

pilot study described earlier, a 95% confidence interval for an effect size of magnitude 0.4 is 

between .02 and .91. Since the observed effect size in that pilot data was actually much 

larger than our Go criterion (d = 0.96), we are confident that we will be adequately powered 

to detect a meaningful effect. Since participants in that pilot study also improved on a 

measure of contour integration (d = 0.85), even though training was focused only on CS (our 

low-level visual target), setting the effect size at d = 0.4 for both CS and PO seems 

reasonable. Note that although contour integration improved without PO training in the pilot 

study, this was unlikely due to practice effects on the test alone since two prior large studies 

did not find practice effects on the JOVI, in either healthy controls or participants with 

schizophrenia, over two or three repeated presentations separated by days or weeks 

[157,158]. Furthermore, a third study found improvements only with daily exposure to two 

versions of the task, and this did not occur for the schizophrenia group until the third day 
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[56,80]. Subjects who do not complete all 40 sessions of training will be invited to complete 

a “post-treatment” assessment after their last session; for non-completers who decline to 

participate in a post-treatment evaluation, the last post-baseline assessment will be used, 

unless the participant dropped out before the 10th session (the time of the first post-baseline 

assessment), in which case his/her data will not be used in the analyses. In such cases, we 

will recruit additional participants to reach the target sample size. For any dropout that 

occurs, we expect rates to be uniform across conditions, given that we have designed the 4 

conditions, including the active control, to be similarly engaging.

R33 Phase

Study design–R33: The R33 will be a two parallel-arm RCT comparing the optimal R61 

treatment to the control (ACCT) treatment. One hundred subjects will be enrolled over 3 

years, 50 from NKI and 50 from NYPH. Visual and clinical outcome assessments will be 

conducted at baseline, and at intervals determined based on R61 results, including a 6-month 

follow-up (with attrition considerations and procedures identical to the R61.

Treatment conditions and randomization: Subjects will be randomly assigned, within 

site, to the optimal or control treatment in a ratio of 1:1. Treatment assignment will occur 

after a subject has met all entry criteria and has completed baseline testing, to avoid bias.

Assessments: No matter which intervention is used for the R33, visual tests will include 

both tests of CS and both tests of PO used in the R61. See below for descriptions of the R33-

specific cognitive, social cognitive, and functional capacity measures.

Data analysis: An intention to treat approach to data analysis will be used in this clinical 

trial. For all analyses, statistical significance will be defined as p < 0.05, unless specified 

otherwise. Bonferroni or false discovery rate corrections will be applied to multiple testing, 

as appropriate. Hypothesis 1: The optimal R61 treatment will be more effective than the 

control treatment (ACCT) in improving CS and/or PO test scores (to be determined based on 

the R61 outcome). This will be tested using a linear mixed effects model in which the values 

of the target(s) at each time point are modeled as a function of treatment group 

(experimental, control), time, group x time, and potential moderators and mediators (e.g., 

age). If the group × time interaction is significant, we will use model-based estimation 

procedures to estimate the magnitude of the effect. We will also explore differential effects 

of the treatment on CS vs PO. Hypothesis 2: Improvements in visual processing, as observed 

in CS and/or PO (based on R61 results), will be related to changes on specific cognitive (i.e., 
visual working memory, visual learning and memory, reading), social cognitive (i.e., 
emotion recognition), and functional capacity measures. We will assess correlations between 

pre-post change scores for CS and/or PO target assessments and those for our cognitive, 

social cognitive, and functional capacity measures, and also evaluate whether changes in the 

target(s) either mediate or moderate treatment effects on these outcomes. An approach and 

computational tool described by Hayes [159] will be used to model any mediation and/or 

moderation effects, including indirect effects in models that involve mediation.
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Sample size determination: The sample size for the RCT in the R33 phase was selected 

to ensure sufficient power to detect medium effects of the experimental intervention on the 

target(s). For Aim 1 of the R33, 50 subjects per condition allows 80% power for a 2-tailed 

test with α = 0.05 to detect d = 0.57. For Aim 2, with n = 50 in the active perceptual training 

group, correlations of at least r = 0.38 between changes in performance on target measures 

(CS and/or PO) and changes in cognitive, social cognitive, and functional capacity measures 

can be detected with 80% power using a 2-tailed test with α = 0.05. Also, for Aim 2, n = 50 

allows for detecting a correlation of r = 0.43 when making a strict Bonferroni adjustment for 

3 outcomes (2-tailed α = 0.017), and r = 0.51 when correcting for 15 outcomes (2-tailed α = 

0.003). Given the purpose of the R33 phase of this grant mechanism, our focus on effect size 

is exploratory and not confirmatory. We will use our observed effect sizes to power a later 

RCT.

Interventions

Contrast Sensitivity Training (CST): The CST procedure was developed by the second 

author and colleagues at UCR [60,108]. The program uses video game-based custom 

software, and the training stimuli consist of Gabor patches (game “targets”) at 6 SFs (1, 2, 4, 

8, 16 and 32 cycles/degree), and 8 orientations (22.5°–337.5°). We describe this program as 

a “video game” because numerous elements were introduced to its design with the goal of 

promoting task engagement and user enjoyment. For instance, points are given each time a 

target is selected (and taken away when distractors are selected), and levels increase in 

difficulty throughout training. Contrast values are continuously tracked across sessions 

where each session starts off at an initial contrast for each spatial frequency that is halfway 

between the starting and ending contrast for that spatial frequency in the previous session. 

Each session consists of 8–12 training exercises that last approximately 2 min each for a 

total of ~25 min. The participant’s task is to click on all the Gabor targets as quickly as 

possible. The first few exercises consist of only targets, but distractors are added as the 

training progresses (Figure 2). Throughout training, distractors become more similar to the 

targets (starting off as blobs, then oriented patterns, then noise patches of the same SF as the 

targets). Targets that are not quickly selected start flickering at a 20-Hz frequency, to attract 

the participant’s attention [160]. At higher levels, targets and distractors appear and 

disappear when not selected quickly enough. Many parameters are adjusted based on 

ongoing participant performance, including contrast (using a 3/1 staircase for each SF), 

number of stimuli per trial, and presentation rate (determined by tracking average response 

times on prior trials for each SF). Data are saved in deidentified log files (coded with a 

subject number) and transmitted in an encrypted format to a HIPPA-compliant Amazon Web 

Services server for later data analysis.

Contour Integration Training (CIT): The CIT program was also developed by the 

second author and is based largely on two contour integration tasks we developed and have 

used in multiple studies of visual PO in schizophrenia [8,117]. There are two PO exercises 

used for this program, which are presented in alternating blocks of individual trials. Target 

stimuli in both exercises consist of contours that are formed by fragmented paths of 

individual Gabor elements, which are embedded within an array of noise Gabors. For both 

exercises, the participant’s task is to detect and click on the contour (e.g., a circle, oval, 
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clover, spiral, line, curve, alphanumerical characters, etc.) formed by a set of target Gabors. 

For the first exercise, difficulty level is manipulated by varying the degree of orientational 

jitter of the Gabors making up the target contour (see Figure 3), which is done within block, 

and by varying the number of elements that make up the contour, which is done between 

blocks. The degree of jitter is determined adaptively using a “3 up, 1 down” staircase at steps 

of 1 degree; jitter values and element density were chosen based on data from multiple 

previous studies with participants with schizophrenia and controls [8,56,76,161]. Use of a 

staircase procedure is designed to drive performance gains, and to continuously challenge 

participants while ensuring continued success. For the second exercise the number of 

inducers of the contour are reduced via a staircase to increase task difficulty over time. 

Several types of contours are included to promote generalization, including those involving 

shapes, alphanumeric characters, and open contours such as lines, curves and spirals. For 

both exercises, the arrays of Gabor elements have a peak SF of 4 cycles/degree (to eliminate 

potential effects related to impairments in processing LSF information) and a Gaussian 

envelope SD (space constant) of 7.3 arcmin. Like CST, CIT is presented as a game: 

Participants are provided with feedback about their response accuracy, points are given for 

each correct response, and positive feedback is provided when participants progress to the 

next difficulty level. Each session consists of 8–12 training exercises that last approximately 

2 min each for a total of ~25 min. As with CST, data are saved in deidentified log files 

(coded with a subject number) and transmitted in an encrypted format to a HIPPA-compliant 

Amazon Web Services server for later data analysis.

Active Computer-Based Control Treatment (ACCT): Our control condition, Happy 

Neuron™, is a cognitively challenging remediation program that does not specifically target 

perception. Happy Neuron is an online brain training application that targets multiple 

domains of cognition. For this project, we wished to avoid any modules that focused 

specifically on vision or visual attention. Therefore, although Happy Neuron can be 

personalized to a high degree, for this study training exercises were limited to “Catch the 

Ladybug”, “Towers of Hanoi”, and “Elephant Memory”, which involve speed of processing, 

executive function, and verbal memory, respectively.

Tracking of Performance for Patients: A notebook was made for each patient. At the 

end of each training session the CST and CIT programs show a screen with the score, level 

of training attained, number of errors, and whether performance earned them a gold, silver, 

or bronze “virtual” medal for the day. This was logged in the notebook each day so the 

patient could see how much they had improved over time. The “trainers” went over this with 

the patients each day. A similar procedure was done with Happy Neuron with the level, 

average accuracy, and average time logged daily for the three activities.

ASSESSMENTS

Diagnostic and Clinical Assessments for the R61 and R33

Diagnosis: The Structured Clinical Interview for DSM-5 (SCID-5) [162] and all available 

clinical information will be used to assign a consensus diagnosis.

Silverstein et al. Page 17

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Verbal IQ estimate: WRAT-III, reading subtest [163]. This task involves participants 

reading and pronouncing aloud a list of words.

Symptoms: The Positive and Negative Syndrome Scale (PANSS) assesses the presence 

and severity of symptoms commonly found in schizophrenia; it is conducted as a semi-

structured interview. There are a total of 30 items [164].

VISUAL TARGETS

Contrast Sensitivity:

The psychophysical CS assessment will be performed using an EvokeDx device, which 

utilizes an organic LED display that enables accurate linearization of the voltage-to-

luminance relationship through customized gamma correction so that precise specification of 

contrast can be achieved. These features, in addition to the carefully calibrated amplifiers 

contained in the system, afford high reliability/reproducibility of stimulus presentation 

across multiple EvokeDx devices, which is critical when testing at multiple sites. The same 

stimulus parameters and testing conditions will be used at the NYPH and NKI sites, and 

automated luminance calibration will be performed monthly at each site using the 

photometric device provided with the EvokeDx by Konan Medical (Irvine, CA). Amplifier 

settings are as follows: gain = 20 K, bandpass filter = 0.5–100 Hz. An earlier version of the 

system now provided by Konan equipment for assessing CS was successfully used in a prior 

multi-site trial [165].

CS functions will be obtained by presenting 2 horizontal sine-wave gratings at spatial 

frequencies of 0.4 and 6.5 cycles per degree. Spatial frequency is the number of pairs or 

cycles of light and dark bars in 1 degree of visual angle, expressed as cycles/degree, with 

fewer pairs corresponding to lower SF. Gratings of 0.4 cycles per degree (LSF) will be 

presented for 33 ms and gratings of 6.5 cycles per degree (HSF) will be presented for 500 

ms. An up-and-down transformed response method will be used to obtain contrast thresholds 

with a criterion of 70.7% correct responses for each SF. Ten reversals are obtained and the 

mean of the last 5 reversals will be used to obtain thresholds. A spatial 2-alternative forced-

choice procedure will be used. Gratings will be presented on either the right or left side of 

the screen, and the participant’s task is to determine on which side the gratings appeared. 

Results will be plotted as CS (which is the reciprocal of threshold) vs SF. Increased CS 

indicates better performance. Participants will be tested binocularly after being light-adapted 

to the background luminance of the display for 15 min. Test retest reliability of this measure 

was evaluated by the senior author’s lab in a group of 15 controls and 31 participants with 

schizophrenia; the ICC was 0.76 at 0.5 cpd and 0.67 at 1 cpd. The test-retest reliability is 

weaker (0.25) at the SF of 4 cpd that produces the highest a CS but improves with higher 

SFs (ICC = 0.69 for 7 cpd and 0.57 for 21 cpd). The target variable is the CS for the SFs of 

0.4 cpd and 6.5 cpd. We expect to see more of an effect of the remediation on LSF, but we 

will also assess CS at the higher SF, and specifically compare LSF results to HSF results, 

which also have high reliability, to determine if effects are LSF-specific.
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VEP Contrast Responses:

VEPs will be obtained using the EvokeDx device, with the active electrode over the occipital 

lobe (Oz). EvokeDx has FDA 510(k) clearance for assessment of visual neural function. It 

generates the stimuli, records and analyzes the electrophysiological signals, and stores the 

data. The VEP technique we will use was developed by Zemon and colleagues [96], and has 

been used in studies of schizophrenia [1,24,69], autism [95], and glaucoma detection [165]. 

The response measures are quickly and easily obtained, requiring no behavioral response 

from the participant. Parameters to be used have been optimized in our studies of 

schizophrenia [1,93]. Steady-state VEPs are elicited to checkerboard patterns (Figure 4) that 

are luminance-modulated sinusoidally (~12 Hz) with contrast increases in 7 discrete octave 

steps. Each step is ~1.6 s in duration to yield an entire contrast-response function in less than 

10 s. The initial step has 0% depth of modulation (DOM), and this is followed by steps of 1, 

2, 4, 8, 16, and 32% DOM. The set of steps is presented 10 times. In the contrast response 

function, as the DOM rises, the signal-to-noise ratio (SNR) increases from below a value of 

1 to a value greater than 1. Test-retest reliability of low-contrast VEP responses in 

schizophrenia is good (ICC = 0.70, N = 32; unpublished data of the senior author’s lab). In 

addition, the 95% confidence regions for the 10 runs per person show good reliability within 

an individual [96]. Furthermore, the senior author has observed a within-subjects correlation 

of r = 0.41, (p < 0.001, N = 74) between indices from these VEP and psychophysical CS 

assessments.

Jittered Orientation Visual Integration (JOVI) Task [8,75,76]:

For this PO task, stimuli consist of oval contours, made up of 18 Gabor elements separated 

by 1° of visual angle, that either point left or right (Figure 3). The contours are embedded in 

298 distractor Gabors. Difficulty is manipulated by increasing the degree of orientational 

jitter of the Gabors making up the contour. Jitter levels will be 0°, 7°, 9°, 11°, 13°, and 15°, 

as in recent studies. Trials will be blocked according to the amount of orientational jitter, 

with 12 trials per block. In addition, each block will contain 4 catch trials in which a contour 

with no orientational jitter is presented without background elements, or a contour is 

presented with background elements but with a line drawn along the contour. These trials are 

included to identify subjects who respond randomly or who are not paying adequate 

attention to the task. As in past studies, only subjects who obtain 75% or higher accuracy on 

these trials will be included in data analyses. Blocks will be presented in increasing order of 

difficulty, with each block presented 4 times for a total of 384 trials (4 repetitions × 6 blocks 

× 16 (12 regular, 4 catch) trials). Each stimulus is shown for 2 s, followed by a 1 second 

inter-stimulus interval. The participant presses a right or left arrow key to indicate the 

direction of the contour. This task was optimized for use with participants with 

schizophrenia in a previous 5-site study [8], which found good test-retest reliability [157]. 

The dependent variable is number correct, corrected for guessing.

The Ebbinghaus Illusion Task [132,166–168] is our second measure of PO. On each 

experimental trial, subjects are shown two target circles - one on the left of the screen and 

one on the right, and their task is to indicate which is larger. On half the trials, these circles 

are presented by themselves (i.e., the no-context condition). On the other half, the targets are 

surrounded by larger or smaller circles that either facilitate perceiving the true size 
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difference of the target circles (in the helpful condition), or hinder perceiving the true size 

difference (in the misleading condition). In the helpful condition, the larger inner circle is 

surrounded by smaller circles, making it appear larger than its actual size, and the smaller 

inner circle is surrounded by larger circles, making it appear smaller than its actual size; 

these effects combine to amplify the real size difference between the target circles. In the 

misleading condition, the larger inner circle is surrounded by even larger circles, making it 

appear smaller than its actual size, and the smaller inner circle is surrounded by even smaller 

circles, making it appear larger than its actual size. For example, see Figure 5, where the 

target circle on the right is 2% larger in each of the 3 panels. Stimuli remain on the screen 

until the subject responds or for 2 s (whichever occurs first). If a response is not recorded 

within 2 s, the trial is recorded as a guess (0.5 correct). Trials are separated by 200 ms. The 

two target circles always differ in actual size and this size difference varies in magnitude 

across trials. The order of trial types is randomized for each subject, as is the side on which 

the larger inner circle appears on each trial. In total, the task contains 192 trials, and 

typically takes approximately 7 minutes. The key metric from this task is the difference 

between the helpful and misleading conditions, controlling for no-context performance, or: 

[(Helpful—no context)-(misleading—no context)]. Reduced grouping is reflected in scores 

closer to zero.

Visual Acuity:

While not a target for this study, acuity will be assessed to determine whether it moderates 

the effects of CST and/or CIT [4,169]. We will use standard high-contrast ETDRS charts, 

which are the “gold standard” for acuity testing [170], along with Sloan low-contrast letter 

acuity charts [171] to assess low-contrast vision.

OTHER OUTCOME MEASURES FOR THE R33

MATRICS Consensus Cognitive Battery (MCCB):

The MCCB assesses multiple cognitive domains, namely Speed of Processing, Attention/

Vigilance, Working Memory (visual and verbal), Verbal Learning, Visual Learning, 

Reasoning and Problem Solving, and Social Cognition [172,173]. The ICC for the MCCB 

composite score was 0.9 in the initial validation study and has been similarly high in 

multisite clinical trials [173–176]. Outcomes are T-scores for each of the domains and the 

composite score [172,173]. Exploratory analyses will include assessing whether treatment 

effects on visual working memory and visual learning are stronger than for non-visual 

memory and learning subtests.

Minnesota Low-Vision Reading Test (MNREAD):

This test assesses reading speed ability. The charts contain 19 English sentences (60 

characters each) with print sizes ranging from 1.3 to −0.5 logMAR at a distance of 16 inches 

(0.41 m). Participants are instructed to read each sentence aloud as quickly and as accurately 

as possible. Outcomes are reading acuity, speed, and critical print size. The MNREAD is 

resistant to practice effects and has strong test-retest reliability [177].
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Penn Emotion Recognition Test (ER-40):

This computerized task comprises 40 photographs of actors expressing one of 4 basic 

emotions (happiness, sadness, anger, fear) or a neutral expression [178]. Participants are 

asked to select, from these choices, which emotion is being expressed for each image. The 

outcome variable is total percent correct. The ER-40 has been used widely in schizophrenia 

research, including in multi-site studies (e.g., [179]). The ER-40 demonstrates sound 

convergent and discriminant validity and good test-retest reliability in participants with 

schizophrenia (ICC = 0.75 [180]).

University of California, San Diego Performance Based Skills Assessment, 2nd Edition 
(UPSA-2):

This is a performance-based measure of the extent to which participants are capable of 

performing specific living skills such as household chores, communication, finance, 

transportation, and planning recreational activities [181]. We will use the total score, which 

ranges from 0 to 100. Test-retest reliability is 0.63–0.80 over periods of up to 36 months 

[182]. UPSA scores significantly predict residential independence [183,184].

SUMMARY AND UPDATE

The goals of this project are: (1) in the R61, to establish the optimal components and dose of 

a visual remediation intervention from among two specific visual training strategies, and 

their combination, for improving low and mid-level visual functions in schizophrenia; and 

(2), in the R33, to determine the extent to which this “optimal intervention” improves not 

only visual processing but also higher-level cognitive and role functions. At the time of 

writing this paper, we have completed data collection for the R61 phase and data analyses 

are underway. A later report will describe the R61 results. Our preliminary data, including 

the early results from the current R61, along with a recently published study on remediation 

of PO in schizophrenia [139], all suggest that training of visual functions in people with 

schizophrenia is both possible and beneficial. The final results of this study will allow for 

conclusions about the durability and generalizability of these benefits, and about potential 

mediators and moderators of treatment effects. A long-term task is to determine whether 

combining lower-level sensory and perceptual training with higher-level cognitive training 

(the level typically targeted in research and clinical practice) leads to even greater gains in 

functioning than are observed using currently available cognitive remediation interventions.

Acknowledgments

FUNDING

This study was funded by NIMH grant R61MH115119 to Steven Silverstein and Pamela Butler (Co-PIs).

REFERENCES

1. Butler PD, Zemon V, Schechter I, Saperstein AM, Hoptman MJ, Lim KO, et al. Early-stage visual 
processing and cortical amplification deficits in schizophrenia. Arch Gen Psychiatry. 
2005;62(5):495–504. [PubMed: 15867102] 

Silverstein et al. Page 21

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Halasz I, Levy-Gigi E, Kelemen O, Benedek G, Keri S. Neuropsychological functions and visual 
contrast sensitivity in schizophrenia: the potential impact of comorbid posttraumatic stress disorder 
(PTSD). Front Psychol. 2013;4:136. [PubMed: 23519404] 

3. Martinez A, Hillyard SA, Bickel S, Dias EC, Butler PD, Javitt DC. Consequences of magnocellular 
dysfunction on processing attended information in schizophrenia. Cereb Cortex. 2012;22(6):1282–
93. [PubMed: 21840846] 

4. Silverstein SM, Keane BP, Papathomas TV, Lathrop KL, Kourtev H, Feigenson K, et al. Processing 
of spatial-frequency altered faces in schizophrenia: effects of illness phase and duration. PLoS One. 
2014;9(12):e114642. [PubMed: 25485784] 

5. Viertio S, Laitinen A, Perala J, Saarni SI, Koskinen S, Lonnqvist J, et al. Visual impairment in 
persons with psychotic disorder. Soc Psychiatry Psychiatr Epidemiol. 2007;42(11):902–8. [PubMed: 
17846698] 

6. Chen Y Abnormal visual motion processing in schizophrenia: a review of research progress. 
Schizophr Bull. 2011;37(4):709–15. [PubMed: 21436317] 

7. Silverstein SM, Keane BP. Perceptual organization impairment in schizophrenia and associated 
brain mechanisms: review of research from 2005 to 2010. Schizophr Bull. 2011;37(4):690–9. 
[PubMed: 21700589] 

8. Silverstein SM, Keane BP, Barch DM, Carter CS, Gold JM, Kovacs I, et al. Optimization and 
validation of a visual integration test for schizophrenia research. Schizophr Bull. 2012;38(1):125–
34. [PubMed: 22021658] 

9. Tadin D, Kim J, Doop ML, Gibson C, Lappin JS, Blake R, et al. Weakened center-surround 
interactions in visual motion processing in schizophrenia. J Neurosci. 2006;26(44):11403–12. 
[PubMed: 17079669] 

10. Uhlhaas PJ, Silverstein SM. Perceptual organization in schizophrenia spectrum disorders: 
empirical research and theoretical implications. Psychol Bull. 2005;131(4):618–32. [PubMed: 
16060805] 

11. Hahn B, Robinson BM, Harvey AN, Kaiser ST, Leonard CJ, Luck SJ, et al. Visuospatial attention 
in schizophrenia: deficits in broad monitoring. J Abnorm Psychol. 2012;121(1):119–28. [PubMed: 
21604825] 

12. Keane BP, Silverstein SM, Wang Y, Papathomas TV. Reduced depth inversion illusions in 
schizophrenia are state-specific and occur for multiple object types and viewing conditions. J 
Abnorm Psychol. 2013;122(2):506–12. [PubMed: 23713504] 

13. Keri S, Kiss I, Kelemen O, Benedek G, Janka Z. Anomalous visual experiences, negative 
symptoms, perceptual organization and the magnocellular pathway in schizophrenia: a shared 
construct? Psychol Med. 2005;35(10):1445–55. [PubMed: 16164768] 

14. Keri S, Kelemen O, Benedek G, Janka Z. Lateral interactions in the visual cortex of patients with 
schizophrenia and bipolar disorder. Psychol Med. 2005;35(7):1043–51. [PubMed: 16045070] 

15. Knight RA, Silverstein SM. A process-oriented approach for averting confounds resulting from 
general performance deficiencies in schizophrenia. J Abnorm Psychol. 2001;110(1):15–30. 
[PubMed: 11261389] 

16. Hambrecht M, Lammertink M, Klosterkotter J, Matuschek E, Pukrop R. Subjective and objective 
neuropsychological abnormalities in a psychosis prodrome clinic. Br J Psychiatry Suppl. 
2002;43:s30–7. [PubMed: 12271798] 

17. Klosterkotter J, Hellmich M, Steinmeyer EM, Schultze-Lutter F. Diagnosing schizophrenia in the 
initial prodromal phase. Arch Gen Psychiatry. 2001;58(2):158–64. [PubMed: 11177117] 

18. Schiffman J, Maeda JA, Hayashi K, Michelsen N, Sorensen HJ, Ekstrom M, et al. Premorbid 
childhood ocular alignment abnormalities and adult schizophrenia-spectrum disorder. Schizophr 
Res. 2006;81(2–3):253–60. [PubMed: 16242918] 

19. Revheim N, Corcoran CM, Dias E, Hellmann E, Martinez A, Butler PD, et al. Reading deficits in 
schizophrenia and individuals at high clinical risk: relationship to sensory function, course of 
illness, and psychosocial outcome. Am J Psychiatry. 2014;171(9):949–59. [PubMed: 25178752] 

20. Revheim N, Butler PD, Schechter I, Jalbrzikowski M, Silipo G, Javitt DC. Reading impairment and 
visual processing deficits in schizophrenia. Schizophr Res. 2006;87(1–3):238–45. [PubMed: 
16890409] 

Silverstein et al. Page 22

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



21. Dias EC, Butler PD, Hoptman MJ, Javitt DC. Early sensory contributions to contextual encoding 
deficits in schizophrenia. Arch Gen Psychiatry. 2011;68(7):654–64. [PubMed: 21383251] 

22. Silverstein SM, Bakshi S, Chapman RM, Nowlis G. Perceptual organization of configural and 
nonconfigural visual patterns in schizophrenia: Effects of repeated exposure. Cogn 
Neuropsychiatry. 1998;3:209–23.

23. Silverstein SM, Bakshi S, Nuernberger S, Carpinello K, Wilkniss S. Effects of stimulus structure 
and target-distracter similarity on the development of visual memory representations in 
schizophrenia. Cogn Neuropsychiatry. 2005;10(3):215–29. [PubMed: 16571460] 

24. Butler PD, Abeles IY, Weiskopf NG, Tambini A, Jalbrzikowski M, Legatt ME, et al. Sensory 
contributions to impaired emotion processing in schizophrenia. Schizophr Bull. 2009;35(6):1095–
107. [PubMed: 19793797] 

25. Green MF, Hellemann G, Horan WP, Lee J, Wynn JK. From perception to functional outcome in 
schizophrenia: modeling the role of ability and motivation. Arch Gen Psychiatry. 
2012;69(12):1216–24. [PubMed: 23026889] 

26. Rassovsky Y, Horan WP, Lee J, Sergi MJ, Green MF. Pathways between early visual processing 
and functional outcome in schizophrenia. Psychol Med. 2011;41(3):487–97. [PubMed: 20482936] 

27. Bunney WE Jr, Hetrick WP, Bunney BG, Patterson JV, Jin Y, Potkin SG, et al. Structured Interview 
for Assessing Perceptual Anomalies (SIAPA). Schizophr Bull. 1999;25(3):577–92. [PubMed: 
10478790] 

28. Cutting J, Dunne F. The nature of the abnormal perceptual experiences at the onset of 
schizophrenia. Psychopathology. 1986;19(6):347–52. [PubMed: 3615790] 

29. Phillipson OT, Harris JP. Perceptual changes in schizophrenia: a questionnaire survey. Psychol 
Med. 1985;15(4):859–66. [PubMed: 4080889] 

30. Waters F, Collerton D, Ffytche DH, Jardri R, Pins D, Dudley R, Blom JD, Mosimann UP, Eperjesi 
F, Ford S, Larøi F. Visual hallucinations in the psychosis spectrum and comparative information 
from neurodegenerative disorders and eye disease. Schizophr Bull. 2014; 40(Suppl 4):S233–45. 
[PubMed: 24936084] 

31. Bracha HS, Wolkowitz OM, Lohr JB, Karson CN, Bigelow LB. High prevalence of visual 
hallucinations in research subjects with chronic schizophrenia. Am J Psychiatry. 1989;146(4):526–
8. [PubMed: 2929755] 

32. Keane BP, Cruz LN, Paterno D, Silverstein SM. Self-Reported Visual Perceptual Abnormalities 
Are Strongly Associated with Core Clinical Features in Psychotic Disorders. Front Psychiatry. 
2018;9:69. [PubMed: 29593580] 

33. Delespaul P, deVries M, van Os J. Determinants of occurrence and recovery from hallucinations in 
daily life. Soc Psychiatry Psychiatr Epidemiol. 2002;37(3):97–104. [PubMed: 11990012] 

34. Kiss I, Fabian A, Benedek G, Keri S. When doors of perception open: visual contrast sensitivity in 
never-medicated, first-episode schizophrenia. J Abnorm Psychol. 2010;119(3):586–93. [PubMed: 
20677847] 

35. Ffytche DH. Visual hallucinations and the Charles Bonnet syndrome. Curr Psychiatry Rep. 
2005;7(3):168–79. [PubMed: 15935130] 

36. Ffytche DH. Visual hallucinations in eye disease. Curr Opin Neurol. 2009;22(1):28–35. [PubMed: 
19165953] 

37. ffytche DH, Howard RJ. The perceptual consequences of visual loss: ‘positive’ pathologies of 
vision. Brain. 1999;122(Pt 7):1247–60. [PubMed: 10388791] 

38. Santhouse AM, Howard RJ, ffytche DH. Visual hallucinatory syndromes and the anatomy of the 
visual brain. Brain. 2000;123(Pt 10):2055–64. [PubMed: 11004123] 

39. Boucart M, Humphreys GW. Attention to orientation, size, luminance, and color: attentional failure 
within the form domain. J Exp Psychol Hum Percept Perform. 1994;20(1):61–80. [PubMed: 
8133225] 

40. Boucart M, Humphreys GW, Lorenceau J. Automatic access to object identity: attention to global 
information, not to particular physical dimensions, is important. J Exp Psychol Hum Percept 
Perform. 1995;21(3):584–601. [PubMed: 7790835] 

Silverstein et al. Page 23

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



41. Silverstein SM, Knight RA, Schwarzkopf SB, West LL, Osborn LM, Kamin D. Stimulus 
configuration and context effects in perceptual organization in schizophrenia. J Abnorm Psychol. 
1996;105(3):410–20. [PubMed: 8772011] 

42. Schubert EW, Henriksson KM, McNeil TF. A prospective study of offspring of women with 
psychosis: visual dysfunction in early childhood predicts schizophrenia-spectrum disorders in 
adulthood. Acta Psychiatrica Scandinavica. 2005;112(5):385–93. [PubMed: 16223427] 

43. Morgan VA, Clark M, Crewe J, Valuri G, Mackey DA, Badcock JC, et al. Congenital blindness is 
protective for schizophrenia and other psychotic illness. A whole-population study. Schizophr Res. 
2018;202:414–6. [PubMed: 30539775] 

44. Hayes JF, Picot S, Osborn DPJ, Lewis G, Dalman C, Lundin A. Visual Acuity in Late Adolescence 
and Future Psychosis Risk in a Cohort of 1 Million Men. Schizophr Bull. 2019;45(3):571–8. 
[PubMed: 29901774] 

45. Landgraf S, Osterheider M. “To see or not to see: that is the question.” The “Protection-Against-
Schizophrenia” (PaSZ) model: evidence from congenital blindness and visuo-cognitive 
aberrations. Front Psychol. 2013;4:352. [PubMed: 23847557] 

46. Leivada E, Boeckx C. Schizophrenia and cortical blindness: protective effects and implications for 
language. Front Hum Neurosci. 2014;8:940. [PubMed: 25506321] 

47. Silverstein SM, Wang Y, Keane BP. Cognitive and neuroplasticity mechanisms by which 
congenital or early blindness may confer a protective effect against schizophrenia. Front Psychol. 
2012;3:624. [PubMed: 23349646] 

48. Kenney JG, Hetrick WP, Bell MD, Johannesen JK. Modality specificity of sensory-based cognitive 
remediation training in schizophrenia: effects on neurocognition and perceptual experience. 
Presented at Cognitive Remediation in Psychiatry; 2014 June 6; New York City, USA.

49. Norton DJ, McBain RK, Ongur D, Chen Y. Perceptual training strongly improves visual motion 
perception in schizophrenia. Brain Cogn. 2011;77(2):248–56. [PubMed: 21872380] 

50. Surti TS, Wexler BE. A pilot and feasibility study of computer-based training for visual processing 
deficits in schizophrenia. Schizophr Res. 2012;142(1–3):248–9. [PubMed: 23043873] 

51. Chung ST. Improving reading speed for people with central vision loss through perceptual 
learning. Invest Ophthalmol Vis Sci. 2011;52(2):1164–70. [PubMed: 21087972] 

52. Deveau J, Seitz AR. Applying perceptual learning to achieve practical changes in vision. Front 
Psychol. 2014;5:1166. [PubMed: 25360128] 

53. Levi DM, Li RW. Perceptual learning as a potential treatment for amblyopia: a mini-review. Vision 
Res. 2009;49(21):2535–49. [PubMed: 19250947] 

54. Polat U Making perceptual learning practical to improve visual functions. Vision Res. 
2009;49(21):2566–73. [PubMed: 19520103] 

55. DeLoss DJ, Watanabe T, Andersen GJ. Improving vision among older adults: behavioral training to 
improve sight. Psychol Sci. 2015;26(4):456–66. [PubMed: 25749697] 

56. Silverstein SM, Keane BP. Perceptual organization in schizophrenia: plasticity and state-related 
change. Learn Percept. 2009;1:229–61.

57. Lawton T Training direction-discrimination sensitivity remediates a wide spectrum of reading 
skills. Optom Vis Dev. 2007;38(1):33–47.

58. Lawton T Improving magnocellular function in the dorsal stream remediaties reading deficits. 
Optom Vis Dev. 2011;42(3):142–54.

59. Lawton T, Stephey D. Field of view, figure/ground discrimination, sequential memory, and 
navigation skills improve following training on motion discrimination in older adults. Optom Vis 
Dev. 2009;40(2):82–93.

60. Deveau J, Ozer DJ, Seitz AR. Improved vision and on-field performance in baseball through 
perceptual learning. Curr Biol. 2014;24(4):R146–7. [PubMed: 24556432] 

61. Fisher M, Loewy R, Carter C, Lee A, Ragland JD, Niendam T, et al. Neuroplasticity-Based 
Auditory Training Via Laptop Computer Improves Cognition in Young Individuals With Recent 
Onset Schizophrenia. Schizophr Bull. 2015;41(1):250–8. [PubMed: 24444862] 

62. Fisher M, Holland C, Merzenich MM, Vinogradov S. Using neuroplasticity-based auditory training 
to improve verbal memory in schizophrenia. Am J Psychiatry. 2009;166(7):805–11. [PubMed: 
19448187] 

Silverstein et al. Page 24

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



63. Keefe RS, Vinogradov S, Medalia A, Buckley PF, Caroff SN, D’Souza DC, et al. Feasibility and 
pilot efficacy results from the multisite Cognitive Remediation in the Schizophrenia Trials 
Network (CRSTN) randomized controlled trial. J Clin Psychiatry. 2012;73(7):1016–22. [PubMed: 
22687548] 

64. Vinogradov S, Nagarajan S. Association of Sensory Processing With Higher-Order Cognition and 
Functioning in Schizophrenia: Mapping the World. JAMA Psychiatry. 2017;74(1):17–8. [PubMed: 
27926741] 

65. Anderson SW. Neuropsychologic rehabilitation for visuoperceptual impairments. Neurol Clin. 
2003;21(3):729–40. [PubMed: 13677820] 

66. Neistadt ME. Perceptual retraining for adults with diffuse brain injury. Am J Occup Ther. 
1994;48(3):225–33. [PubMed: 8178916] 

67. Das A, Huxlin KR. New approaches to visual rehabilitation for cortical blindness: outcomes and 
putative mechanisms. Neuroscientist. 2010;16(4):374–87. [PubMed: 20103505] 

68. Butler PD, Silverstein SM, Dakin SC. Visual perception and its impairment in schizophrenia. Biol 
Psychiatry. 2008;64(1):40–7. [PubMed: 18549875] 

69. Calderone DJ, Martinez A, Zemon V, Hoptman MJ, Hu G, Watkins JE, et al. Comparison of 
psychophysical, electrophysiological, and fMRI assessment of visual contrast responses in patients 
with schizophrenia. Neuroimage. 2013;67:153–62. [PubMed: 23194815] 

70. Keri S, Antal A, Benedek G, Janka Z. Contrast detection in schizophrenia. Arch Gen Psychiatry. 
2000;57(10):995–6.

71. Slaghuis WL. Contrast sensitivity for stationary and drifting spatial frequency gratings in positive- 
and negative-symptom schizophrenia. J Abnorm Psychol. 1998;107(1):49–62. [PubMed: 9505038] 

72. Silverstein SM, Rosen R. Schizophrenia and the eye. Schizophr Res Cogn. 2015;2(2):46–55. 
[PubMed: 26345525] 

73. Lee SS, Wood JM, Black AA. Impact of glaucoma on executive function and visual search. 
Ophthalmic Physiol Opt. 2020;40(3):333–42. [PubMed: 32189400] 

74. Butler PD, Abeles IY, Silverstein SM, Dias EC, Weiskopf NG, Calderone DJ, et al. An event-
related potential examination of contour integration deficits in schizophrenia. Front Psychol. 
2013;4:132. [PubMed: 23519476] 

75. Silverstein SM, Berten S, Essex B, Kovacs I, Susmaras T, Little DM. An fMRI examination of 
visual integration in schizophrenia. J Integr Neurosci. 2009;8(2):175–202. [PubMed: 19618486] 

76. Silverstein SM, Harms MP, Carter CS, Gold JM, Keane BP, MacDonald A, et al. Cortical 
contributions to impaired contour integration in schizophrenia. Neuropsychologia. 2015;75:469–
80. [PubMed: 26160288] 

77. Chapman J The early symptoms of schizophrenia. Br J Psychiatry. 1966;112(484):225–51. 
[PubMed: 4957283] 

78. Silverstein SM, All SD, Kasi R, Berten S, Essex B, Lathrop KL, et al. Increased fusiform area 
activation in schizophrenia during processing of spatial frequency-degraded faces, as revealed by 
fMRI. Psychol Med. 2010;40(7):1159–69. [PubMed: 19895721] 

79. Turetsky BI, Kohler CG, Indersmitten T, Bhati MT, Charbonnier D, Gur RC. Facial emotion 
recognition in schizophrenia: when and why does it go awry? Schizophr Res. 2007;94(1–3):253–
63. [PubMed: 17583481] 

80. Silverstein SM, Hatashita-Wong M, Schenkel LS, Wilkniss S, Kovacs I, Feher A, et al. Reduced 
top-down influences in contour detection in schizophrenia. Cogn Neuropsychiatry. 
2006;11(2):112–32. [PubMed: 16537237] 

81. Keane BP, Joseph J, Silverstein SM. Late, not early, stages of Kanizsa shape perception are 
compromised in schizophrenia. Neuropsychologia. 2014;56:302–11. [PubMed: 24513023] 

82. Silverstein SM, Schenkel LS, Valone C, Nuernberger SW. Cognitive deficits and psychiatric 
rehabilitation outcomes in schizophrenia. Psychiatr Q. 1998;69(3):169–91. [PubMed: 9682284] 

83. Sergi MJ, Rassovsky Y, Nuechterlein KH, Green MF. Social perception as a mediator of the 
influence of early visual processing on functional status in schizophrenia. Am J Psychiatry. 
2006;163(3):448–54. [PubMed: 16513866] 

84. Javitt DC. When doors of perception close: bottom-up models of disrupted cognition in 
schizophrenia. Annu Rev Clin Psychol. 2009;5:249–75. [PubMed: 19327031] 

Silverstein et al. Page 25

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



85. Green MF, Llerena K, Kern RS. The “Right Stuff” Revisited: What Have We Learned About the 
Determinants of Daily Functioning in Schizophrenia? Schizophr Bull. 2015;41(4):781–5. 
[PubMed: 25750248] 

86. Butler PD, Chen Y, Ford JM, Geyer MA, Silverstein SM, Green MF. Perceptual measurement in 
schizophrenia: promising electrophysiology and neuroimaging paradigms from CNTRICS. 
Schizophr Bull. 2012;38(1):81–91. [PubMed: 21890745] 

87. Silverstein SM. Visual Perception Disturbances in Schizophrenia: A Unified Model. Nebr Symp 
Motiv. 2016;63:77–132. [PubMed: 27627825] 

88. Corlett PR, Frith CD, Fletcher PC. From drugs to deprivation: a Bayesian framework for 
understanding models of psychosis. Psychopharmacology (Berl). 2009;206(4):515–30. [PubMed: 
19475401] 

89. Furman S, Zeevi YY. Multidimensional gain control in image representation and processing in 
vision. Biol Cybern. 2015;109(2):179–202. [PubMed: 25413338] 

90. Stevens JL, Law JS, Antolik J, Bednar JA. Mechanisms for stable, robust, and adaptive 
development of orientation maps in the primary visual cortex. J Neurosci. 2013;33(40):15747–66. 
[PubMed: 24089483] 

91. Phillips WA, Clark A, Silverstein SM. On the functions, mechanisms, and malfunctions of 
intracortical contextual modulation. Neurosci Biobehav Rev. 2015;52:1–20. [PubMed: 25721105] 

92. Silverstein SM, Demmin D, Bednar JA. Computational modeling of contrast sensitivity and 
orientation tuning in first episode and chronic schizophrenia. 2017 Unpublished work.

93. Butler PD, Schechter I, Zemon V, Schwartz SG, Greenstein VC, Gordon J, et al. Dysfunction of 
early-stage visual processing in schizophrenia. Am J Psychiatry. 2001;158(7):1126–33. [PubMed: 
11431235] 

94. Garcia-Quispe LA, Gordon J, Zemon V. Development of contrast mechanisms in humans: a VEP 
study. Optom Vis Sci. 2009;86(6):708–16. [PubMed: 19417712] 

95. Weinger PM, Zemon V, Soorya L, Gordon J. Low-contrast response deficits and increased neural 
noise in children with autism spectrum disorder. Neuropsychologia. 2014;63:10–8. [PubMed: 
25107679] 

96. Zemon V, Gordon J. Luminance-contrast mechanisms in humans: visual evoked potentials and a 
nonlinear model. Vision Res. 2006;46(24):4163–80. [PubMed: 16997347] 

97. Meng J, Liu R, Wang K, Hua T, Lu ZL, Xi M. Neural correlates of stimulus spatial frequency-
dependent contrast detection. Exp Brain Res. 2013;225(3):377–85. [PubMed: 23314692] 

98. Boynton GM, Demb JB, Glover GH, Heeger DJ. Neuronal basis of contrast discrimination. Vision 
Res. 1999;39(2):257–69. [PubMed: 10326134] 

99. Goodyear BG, Nicolle DA, Humphrey GK, Menon RS. BOLD fMRI response of early visual areas 
to perceived contrast in human amblyopia. J Neurophysiol. 2000;84(4):1907–13. [PubMed: 
11024083] 

100. Olman CA, Ugurbil K, Schrater P, Kersten D. BOLD fMRI and psychophysical measurements of 
contrast response to broadband images. Vision Res. 2004;44(7):669–83. [PubMed: 14751552] 

101. Choe Y, Miikkulainen R. Contour integration and segmentation with self-organized lateral 
connections. Biol Cybern. 2004;90(2):75–88. [PubMed: 14999474] 

102. Field DJ, Hayes A, Hess RF. Contour integration by the human visual system: evidence for a local 
“association field”. Vision Res. 1993;33(2):173–93. [PubMed: 8447091] 

103. Hess R, Field D. Integration of contours: new insights. Trends Cogn Sci. 1999;3(12):480–6. 
[PubMed: 10562727] 

104. Hess RF, Hayes A, Field DJ. Contour integration and cortical processing. J Physiol Paris. 
2003;97(2–3):105–19. [PubMed: 14766137] 

105. Liang H, Gong X, Chen M, Yan Y, Li W, Gilbert CD. Interactions between feedback and lateral 
connections in the primary visual cortex. Proc Natl Acad Sci U S A. 2017;114(32):8637–42. 
[PubMed: 28739915] 

106. Grossberg S Cortical Dynamics of Figure-Ground Separation in Response to 2D Pictures and 3D 
Scenes: How V2 Combines Border Ownership, Stereoscopic Cues, and Gestalt Grouping Rules. 
Front Psychol. 2015;6:2054. [PubMed: 26858665] 

Silverstein et al. Page 26

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



107. Ciaramelli E, Leo F, Del Viva MM, Burr DC, Ladavas E. The contribution of prefrontal cortex to 
global perception. Exp Brain Res. 2007;181(3):427–34. [PubMed: 17401551] 

108. Deveau J, Lovcik G, Seitz AR. Broad-based visual benefits from training with an integrated 
perceptual-learning video game. Vision Res. 2014;99:134–40. [PubMed: 24406157] 

109. Green MF, Butler PD, Chen Y, Geyer MA, Silverstein S, Wynn JK, et al. Perception measurement 
in clinical trials of schizophrenia: promising paradigms from CNTRICS. Schizophr Bull. 
2009;35(1):163–81. [PubMed: 19023123] 

110. Calderone DJ, Hoptman MJ, Martinez A, Nair-Collins S, Mauro CJ, Bar M, et al. Contributions 
of low and high spatial frequency processing to impaired object recognition circuitry in 
schizophrenia. Cereb Cortex. 2013;23(8):1849–58. [PubMed: 22735157] 

111. Laprevote V, Oliva A, Ternois AS, Schwan R, Thomas P, Boucart M. Low Spatial Frequency Bias 
in Schizophrenia is Not Face Specific: When the Integration of Coarse and Fine Information 
Fails. Front Psychol. 2013;4:248. [PubMed: 23653616] 

112. Laprevote V, Oliva A, Delerue C, Thomas P, Boucart M. Patients with schizophrenia are biased 
toward low spatial frequency to decode facial expression at a glance. Neuropsychologia. 
2010;48(14):4164–8. [PubMed: 20955721] 

113. Lee J, Gosselin F, Wynn JK, Green MF. How do schizophrenia patients use visual information to 
decode facial emotion? Schizophr Bull. 2011;37(5):1001–8. [PubMed: 20156852] 

114. McBain R, Norton D, Chen Y. Differential roles of low and high spatial frequency content in 
abnormal facial emotion perception in schizophrenia. Schizophr Res. 2010;122(1–3):151–5. 
[PubMed: 20435444] 

115. Kim DW, Shim M, Song MJ, Im CH, Lee SH. Early visual processing deficits in patients with 
schizophrenia during spatial frequency-dependent facial affect processing. Schizophr Res. 
2015;161(2–3):314–21. [PubMed: 25553978] 

116. Vakhrusheva J, Zemon V, Bar M, Weiskopf NG, Tremeau F, Petkova E, et al. Forming first 
impressions of others in schizophrenia: Impairments in fast processing and in use of spatial 
frequency information. Schizophr Res. 2014;160(1–3):142–9. [PubMed: 25458862] 

117. Keane BP, Paterno D, Kastner S, Silverstein SM. Visual integration dysfunction in schizophrenia 
arises by the first psychotic episode and worsens with illness duration. J Abnorm Psychol. 
2016;125(4):543–9. [PubMed: 27030995] 

118. Keane BP, Paterno D, Crespo LP, Kastner S, Silverstein SM. Smaller visual arrays are harder to 
integrate in schizophrenia: Evidence for impaired lateral connections in early vision. Psychiatry 
Res. 2019;282:112636. [PubMed: 31740209] 

119. Jurišić D, Ćavar I, Sesar A, Sesar I, Vukojević J, Ćurković M. New Insights into Schizophrenia: A 
look at the eye and related structures. Psychiatr Danub. 2020;32(1):60–9. [PubMed: 32303031] 

120. Silverstein SM, Kovacs I, Corry R, Valone C. Perceptual organization, the disorganization 
syndrome, and context processing in chronic schizophrenia. Schizophr Res. 2000;43(1):11–20. 
[PubMed: 10828411] 

121. Li W, Gilbert CD. Global contour saliency and local colinear interactions. J Neurophysiol. 
2002;88(5):2846–56. [PubMed: 12424317] 

122. Pennefather PM, Chandna A, Kovacs I, Polat U, Norcia AM. Contour detection threshold: 
repeatability and learning with ʻcontour cardsʼ. Spat Vis. 1999;12(3):257–66. [PubMed: 
10442513] 

123. Zhou J, Tjan BS, Zhou Y, Liu Z. Better discrimination for illusory than for occluded perceptual 
completions. J Vis. 2008;8(7):26–17.

124. Li W, Piech V, Gilbert CD. Learning to link visual contours. Neuron. 2008;57(3):442–51. 
[PubMed: 18255036] 

125. Altmann CF, Bulthoff HH, Kourtzi Z. Perceptual organization of local elements into global shapes 
in the human visual cortex. Curr Biol. 2003;13(4):342–9. [PubMed: 12593802] 

126. Appelbaum LG, Ales JM, Cottereau B, Norcia AM. Configural specificity of the lateral occipital 
cortex. Neuropsychologia. 2010;48(11):3323–8. [PubMed: 20638395] 

127. Chen Y, Nakayama K, Levy DL, Matthysse S, Holzman PS. Psychophysical isolation of a 
motion-processing deficit in schizophrenics and their relatives and its association with impaired 
smooth pursuit. Proc Natl Acad Sci U S A. 1999;96(8):4724–9. [PubMed: 10200329] 

Silverstein et al. Page 27

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



128. Grossberg S, Mingolla E, Ross WD. Visual brain and visual perception: how does the cortex do 
perceptual grouping? Trends Neurosci. 1997;20(3):106–11. [PubMed: 9061863] 

129. Kourtzi Z, Tolias AS, Altmann CF, Augath M, Logothetis NK. Integration of local features into 
global shapes: monkey and human FMRI studies. Neuron. 2003;37(2):333–46. [PubMed: 
12546827] 

130. Uhlhaas PJ, Phillips WA, Schenkel LS, Silverstein SM. Theory of mind and perceptual context-
processing in schizophrenia. Cogn Neuropsychiatry. 2006;11(4):416–36. [PubMed: 17354079] 

131. Uhlhaas PJ, Phillips WA, Mitchell G, Silverstein SM. Perceptual grouping in disorganized 
schizophrenia. Psychiatry Res. 2006;145(2–3):105–17. [PubMed: 17081620] 

132. Horton HK, Silverstein SM. Visual context processing deficits in schizophrenia: effects of 
deafness and disorganization. Schizophr Bull. 2011;37(4):716–26. [PubMed: 21700590] 

133. Joseph J, Bae G, Silverstein SM. Sex, symptom, and premorbid social functioning associated with 
perceptual organization dysfunction in schizophrenia. Front Psychol. 2013;4:547. [PubMed: 
23986732] 

134. McGurk SR, Twamley EW, Sitzer DI, McHugo GJ, Mueser KT. A meta-analysis of cognitive 
remediation in schizophrenia. Am J Psychiatry. 2007;164(12):1791–802. [PubMed: 18056233] 

135. Kurtz MM. Cognitive remediation for schizophrenia: current status, biological correlates and 
predictors of response. Expert Rev Neurother. 2012;12(7):813–21. [PubMed: 22853789] 

136. Wykes T, Huddy V, Cellard C, McGurk SR, Czobor P. A meta-analysis of cognitive remediation 
for schizophrenia: methodology and effect sizes. Am J Psychiatry. 2011;168(5):472–85. 
[PubMed: 21406461] 

137. Fahle M Perceptual learning: specificity versus generalization. Curr Opin Neurobiol. 
2005;15(2):154–60. [PubMed: 15831396] 

138. Weinberg J, Piasetsky E, Diller L, Gordon W. Treating perceptual organization deficits in 
nonneglecting RBD stroke patients. J Clin Neuropsychol. 1982;4(1):59–75. [PubMed: 7096587] 

139. Kurylo DD, Waxman R, Silverstein SM, Weinstein B, Kader J, Michalopoulos I. Remediation of 
perceptual organisation in schizophrenia. Cognitive Neuropsychiatry. 2018;23(5):267–83. 
[PubMed: 30019984] 

140. Nuechterlein KH, Ventura J, McEwen SC, Gretchen-Doorly D, Vinogradov S, Subotnik KL. 
Enhancing cognitive training through aerobic exercise after a first schizophrenia episode: 
Theoretical conception and pilot study. Schizophr Bull. 2016;42(Suppl 1):S44–52. [PubMed: 
27460618] 

141. Butler PD, Thompson JL, Seitz AR, Deveau J, Silverstein SM. Visual Perceptual Remediation for 
Individuals With Schizophrenia: Rationale, Method, and Three Case Studies. Psychiatr Rehabil J. 
2017;40(1):43–52. [PubMed: 27547852] 

142. Petkova E, Hu L, Nolan KA, DiCostanza J, Gordon J, Javitt DC, et al. Visual processing and 
cognitive impairment in schizophrenia. In Proceedings of Society for Research in 
Psychopathology; 2015 October 1–4; New Orleans, LA, USA.

143. Herrera S, Zemon V, Gordon J, N R, Nolan K, Lehrfeld N, et al. Contrast processing deficits in 
schizophrenia and relationships to cognition and functional outcome. In Proceedings of Society 
for Research in Psychopathology; 2016 September 29-October 2; Baltimore, MD, USA.

144. Leucht S, Samara M, Heres S, Patel MX, Woods SW, Davis JM. Dose equivalents for second-
generation antipsychotics: the minimum effective dose method. Schizophr Bull. 2014;40(2):314–
26. [PubMed: 24493852] 

145. Minzenberg MJ, Poole JH, Benton C, Vinogradov S. Association of anticholinergic load with 
impairment of complex attention and memory in schizophrenia. Am J Psychiatry. 
2004;161(1):116–24. [PubMed: 14702259] 

146. Silverstein SM. Measuring specific, rather than generalized, cognitive deficits and maximizing 
between-group effect size in studies of cognition and cognitive change. Schizophr Bull. 
2008;34(4):645–55. [PubMed: 18468987] 

147. Rogosa DR, Brandt D, Zimowski M. A growth curve approach to the measurement of change. 
Psychol Bull. 1982;90:726–48.

148. Rogosa DR, Willett JB. Demonstrating the reliability of the difference score in the measurement 
of change. J Edu Meas. 1983;20:335–43.

Silverstein et al. Page 28

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



149. Willett JB, editor. Questions and answers in the measurement of change. Washington D.C. (US): 
American Educational Research Association; 1988.

150. Willett JB, editor. Measurement of change. 2nd ed Oxford (UK): Pergamon; 1994.

151. Yin P, Brennan RL. An investigation of difference scores for a grade-level testing program. 
International Journal of Testing. 2002;2(2):83–105.

152. Zimmerman DW, Williams RH. Gain scores in research can be highly reliable. Journal of 
Educational Measurement. 1982;19(2):149–54.

153. Spaulding WD, Reed D, Sullivan M, Richardson C, Weiler M. Effects of cognitive treatment in 
psychiatric rehabilitation. Schizophr Bull. 1999;25(4):657–76. [PubMed: 10667738] 

154. Silverstein SM, Wilkniss SM. At issue: The future of cognitive rehabilitation of schizophrenia. 
Schizophr Bull. 2004;30(4):679–92. [PubMed: 15954183] 

155. Popov T, Jordanov T, Rockstroh B, Elbert T, Merzenich MM, Miller GA. Specific cognitive 
training normalizes auditory sensory gating in schizophrenia: a randomized trial. Biol Psychiatry. 
2011;69(5):465–71. [PubMed: 21092939] 

156. Murthy NV, Mahncke H, Wexler BE, Maruff P, Inamdar A, Zucchetto M, et al. Computerized 
cognitive remediation training for schizophrenia: an open label, multi-site, multinational 
methodology study. Schizophr Res. 2012;139(1–3):87–91. [PubMed: 22342330] 

157. Strauss ME, McLouth CJ, Barch DM, Carter CS, Gold JM, Luck SJ, et al. Temporal stability and 
moderating effects of age and sex on CNTRaCS task performance. Schizophr Bull. 
2014;40(4):835–44. [PubMed: 23817024] 

158. Feigenson KA, Keane BP, Roche MW, Silverstein SM. Contour integration impairment in 
schizophrenia and first episode psychosis: State or trait? Schizophr Res. 2014;159(2–3):515–20. 
[PubMed: 25306205] 

159. Hayes AF. Introduction to mediation, moderation and conditional process analysis. New York 
(NY, US): Guilford Press; 2013.

160. Beste C, Wascher E, Gunturkun O, Dinse HR. Improvement and impairment of visually guided 
behavior through LTP- and LTD-like exposure-based visual learning. Curr Biol. 
2011;21(10):876–82. [PubMed: 21549600] 

161. Kozma-Wiebe P, Silverstein S, Fehér Á, Kovács I. Development of a World-Wide Web based 
contour integration test: Reliability and validity. Comput Hum Behav. 2017;22:971–80.

162. First MB, Spitzer RL, Gibbon M, Williams JBW. Structured Clinical Interview for DSM-IV-TR 
Axis I Disorders, Research Version, Patient Edition. (SCID-I/P). New York (NY, US): Biometrics 
Research, New York State Psychiatric Institute; 2010.

163. Wilkinson GS. WRAT-3: Wide range achievement test administration manual. Orlando (FL, 
US):Wide Range, Inc; 1993.

164. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale (PANSS) for 
schizophrenia. Schizophr Bull. 1987;13(2):261–76. [PubMed: 3616518] 

165. Zemon V, Tsai JC, Forbes M, Al-Aswad LA, Chen CM, Gordon J, et al. Novel 
electrophysiological instrument for rapid and objective assessment of magnocellular deficits 
associated with glaucoma. Doc Ophthalmol. 2008;117(3):233–43. [PubMed: 18483820] 

166. Doherty MJ, Tsuji H, Phillips WA. The context sensitivity of visual size perception varies across 
cultures. Perception. 2008;37(9):1426–33. [PubMed: 18986068] 

167. Doherty MJ, Campbell NM, Tsuji H, Phillips WA. The Ebbinghaus illusion deceives adults but 
not young children. Dev Sci. 2010;13(5):714–21. [PubMed: 20712737] 

168. Silverstein SM, Keane BP, Wang Y, Mikkilineni D, Paterno D, Papathomas TV, et al. Effects of 
short-term inpatient treatment on sensitivity to a size contrast illusion in first-episode psychosis 
and multiple-episode schizophrenia. Front Psychol. 2013;4:466. [PubMed: 23898311] 

169. Keane BP, Kastner S, Paterno D, Silverstein SM. Is 20/20 vision good enough? Visual acuity 
differences within the normal range predict contour element detection and integration. Psychon 
Bull Rev. 2015;22(1):121–7. [PubMed: 24845876] 

170. National Academy of Sciences National Research Council on Vision. Report of working group 
39: recommended standard procedures for the clinical measurement and specification of visual 
acuity. Adv Ophthalmol. 1980;41:103. [PubMed: 7001873] 

Silverstein et al. Page 29

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



171. Balcer LJ, Baier ML, Pelak VS, Fox RJ, Shuwairi S, Galetta SL, et al. New low-contrast vision 
charts: reliability and test characteristics in patients with multiple sclerosis. Mult Scler. 
2000;6(3):163–71. [PubMed: 10871827] 

172. Kern RS, Nuechterlein KH, Green MF, Baade LE, Fenton WS, Gold JM, et al. The MATRICS 
Consensus Cognitive Battery, part 2: co-norming and standardization. Am J Psychiatry. 
2008;165(2):214–20. [PubMed: 18172018] 

173. Nuechterlein KH, Green MF, Kern RS, Baade LE, Barch DM, Cohen JD, et al. The MATRICS 
Consensus Cognitive Battery, part 1: test selection, reliability, and validity. Am J Psychiatry. 
2008;165(2):203–13. [PubMed: 18172019] 

174. Green MF, Harris JG, Nuechterlein KH. The MATRICS consensus cognitive battery: what we 
know 6 years later. Am J Psychiatry. 2014;171(11):1151–4. [PubMed: 25756630] 

175. Keefe RS, Fox KH, Harvey PD, Cucchiaro J, Siu C, Loebel A. Characteristics of the MATRICS 
Consensus Cognitive Battery in a 29-site antipsychotic schizophrenia clinical trial. Schizophr 
Res. 2011;125(2–3):161–8. [PubMed: 21075600] 

176. Javitt DC, Buchanan RW, Keefe RS, Kern R, McMahon RP, Green MF, et al. Effect of the 
neuroprotective peptide davunetide (AL-108) on cognition and functional capacity in 
schizophrenia. Schizophr Res. 2012;136(1–3):25–31. [PubMed: 22169248] 

177. Subramanian A, Pardhan S. The repeatability of MNREAD acuity charts and variability at 
different test distances. Optom Vis Sci. 2006;83(8):572–6. [PubMed: 16909082] 

178. Kohler CG, Turner TH, Bilker WB, Brensinger CM, Siegel SJ, Kanes SJ, et al. Facial emotion 
recognition in schizophrenia: intensity effects and error pattern. AJP. 2003;160(10):1768–74.

179. Calkins ME, Dobie DJ, Cadenhead KS, Olincy A, Freedman R, Green MF, et al. The Consortium 
on the Genetics of Endophenotypes in Schizophrenia: model recruitment, assessment, and 
endophenotyping methods for a multisite collaboration. Schizophr Bull. 2007;33(1):33–48. 
[PubMed: 17035358] 

180. Pinkham AE, Penn DL, Green MF, Harvey PD. Social Cognition Psychometric Evaluation: 
Results of the Initial Psychometric Study. Schizophr Bull. 2016;42(2):494–504. [PubMed: 
25943125] 

181. Patterson TL, Goldman S, McKibbin CL, Hughs T, Jeste DV. UCSD Performance-Based Skills 
Assessment: development of a new measure of everyday functioning for severely mentally ill 
adults. Schizophr Bull. 2001;27(2):235–45. [PubMed: 11354591] 

182. Leifker FR, Patterson TL, Bowie CR, Mausbach BT, Harvey PD. Psychometric properties of 
performance-based measurements of functional capacity: test-retest reliability, practice effects, 
and potential sensitivity to change. Schizophr Res. 2010;119(1–3):246–52. [PubMed: 20399613] 

183. Mausbach BT, Bowie CR, Harvey PD, Twamley EW, Goldman SR, Jeste DV, et al. Usefulness of 
the UCSD performance-based skills assessment (UPSA) for predicting residential independence 
in patients with chronic schizophrenia. J Psychiatr Res. 2008;42(4):320–7. [PubMed: 17303168] 

184. Mausbach BT, Harvey PD, Goldman SR, Jeste DV, Patterson TL. Development of a brief scale of 
everyday functioning in persons with serious mental illness. Schizophr Bull. 2007;33(6):1364–
72. [PubMed: 17341468] 

Silverstein et al. Page 30

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Left: Change in binocular acuity from pre- to post-test in CST-trained and untrained 

baseball players; Right: Change in contrast sensitivity from pre- to post training (higher 

scores represent better performance).
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Figure 2. 
CST targets and distractors.
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Figure 3. 
Examples of orientational jitter effects added to the egg-shaped contour from the JOVI task. 

This manipulation is used for circular and other CIT stimuli.
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Figure 4. 
VEP contrast stimuli examples.
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Figure 5. 
Examples of the 3 Ebbinghaus task conditions.
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