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Abstract 

The Degraded-Stimulus Continuous Performance Task (DS-CPT) has been utilized to 

examine vigilance deficits in schizophrenia patients for decades. However, recent 

evidence suggests sustained attention may not be the foremost cognitive process 

underlying task performance. Through the use of functional magnetic resonance imaging 

(fMRI) and manipulating the perceptual load of the objects in a pseudorandomized order 

regions of interest that are involved in the creation and maintenance of novel mental 

representations as well as the implementation of unambiguous cues were identified. 

Whole-brain exploratory analysis resulted in statistical regions of interest that were 

further categorized as to their response patterns as involved in task performance, task 

difficulty, object perception, and the default mode network. Group differences were 

found in each category of response and correlations with behavioral indices indicated 

several mechanisms that may underlie cognitive deficits.  As areas identified as providing 

top-down feedback such the dorsolateral prefrontal cortex, anterior cingulate cortex, and 

orbitofrontal cortex exhibited atypical activation, functional compensatory mechanisms 

may contribute to the lack of performance deficits observed in this sample. Increasing the 

understanding of the brain mechanisms involved in DS-CPT performance in 

schizophrenia patients may offer greater insight into the nature of visual perceptual 

deficits in the disorder.   
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Introduction 

      Continuous Performance Tasks have been utilized for many decades to examine 

sustained attention and discrimination. As disturbances in cognition are one of the 

hallmarks of schizophrenia many versions of the continuous performance task have been 

utilized to explore the nature of attentional impairments. The Degraded Stimulus 

Continuous Performance Task (DS-CPT) was initially developed to allow investigation 

into the processes of sustained attention or vigilance in a shorter period of time by 

increasing the sensitivity of the vigilance decrement (K. H. Nuechterlein, Parasuraman, & 

Jiang, 1983). Subsequent analysis indicates that the impairment in performance is better 

characterized as a deficit in signal to noise discrimination (Fleck, Sax, & Strakowski, 

2001; Green, 1998; Knott et al., 1999; K. H. Nuechterlein, 1991; K. H. Nuechterlein et 

al., 1998; Straube, Bischoff, Nisch, Sauer, & Volz, 2002). Though the DSCPT has been 

and continues to be utilized to examine cognitive processes in schizophrenia and is 

currently under investigation as a potential endophenotype of risk for schizophrenia the 

functional brain activity associated with these processes has not been thoroughly 

examined (Calkins et al., 2007; Greenwood et al., 2007).  

 The task itself requires rapid processing of visual information, integration of the 

visual scene and discrimination to identify target stimuli. These processes may also be 

described in terms of stimulus driven bottom-up sensory processing, perceptual 

organization of the various elements to form a coherent whole, and top-down modulation 

to process task relevant stimuli.  Though these constructs have not been specifically 

examined in relationship to DS-CPT performance in schizophrenia patients, other 

paradigms have been used to investigate these concepts.  Bottom-up visual sensory 
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processing, specifically deficits in the magnocellular/dorsal pathway have been identified 

as abnormal in schizophrenia through the use of contrast sensitivity manipulations and 

object perception paradigms (Butler et al., 2007; Doniger, et al., 2002; Keri, Kiss, 

Kelemen, Benedek, & Janka, 2005). However, perceptual organization abnormalities 

have also been identified as part of the basic symptomatology of schizophrenia and may 

appear before the onset of psychotic symptoms (Klosterkotter, Hellmich, Steinmeyer, & 

Schultze-Lutter, 2001).  While the visual neuroscience literature indicates the primary 

visual cortex and extra-striate areas are primarily responsible for the integration of 

distinct elements into a coherent whole, perceptual organization tasks of relevance to the 

DS-CPT have primarily focused on behavioral investigations. A notable exception 

utilized fMRI to identify areas involved in basic visual form perception and top-down 

feedback in the visual integration impairments found in schizophrenia patients 

(Silverstein et al., 2009).  

In the traditional model of object recognition, feature detectors in early visual 

processing areas (V1, V2, V4) send information along the ventral stream to areas in the 

posterior (TEO) and anterior inferior temporal cortex (TE) which create an internal 

representation of the image from the input (Tanaka, 1993).   Based on this theory and a 

recent investigation into the processes underlying identification of degraded letters, 

completing the DS-CPT may involve creating or activating an internal mental 

representation and „simple template matching‟ to targets (Pelli, Burns, Farell, & Moore-

Page, 2006; Summerfield et al., 2006).  As summarized in a recent review, evidence now 

indicates that frontal „top-down‟ mechanisms can influence early level processing by 
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modulating neuronal responses to „features, surfaces, objects, object categories, temporal 

context, and virtually any other perceptual group‟ (Gilbert & Sigman, 2007).  In other 

words, anomalous modulation by top-down mechanisms may result in errors at lower-

levels (Ullman, 1995). 

Bottom-up processes known to be affected in schizophrenia include the 

information carried by the dorsal stream from magnocellular layers of the lateral 

geniculate nucleus (LGN) (Keri, Kelemen, Janka, & Benedek, 2005).  Investigation into 

these processes using contrast sensitivity paradigms have revealed decreased sensitivity 

(need greater contrast) in patients with schizophrenia implicating dysregulation of these 

early sensory processes (Butler, et al., 2007; Keri, Antal, Szekeres, Benedek, & Janka, 

2002).  In addition to presumed top-down and bottom-up processes deficits in visual 

perceptual organization may impact DS-CPT performance.  Investigations of fMRI 

activity patterns in response to objects that are perceived as grouped or separate found 

increased activity in the lateral occipital cortex (LOC) and simultaneous decreased 

activity in the primary visual cortex (V1) when the objects were perceived as complete 

(Fang, Kersten, & Murray, 2008). Visual integration anomalies have been observed in 

schizophrenia patients through immunity to contrast-contrast illusions (Dakin, et al., 

2005) and detection of closed shape contours composed of Gabor elements (Silverstein, 

Kovacs, Corry, & Valone, 2000). 

If the cognitive processes involved in identifying degraded target stimuli require 

template creation, maintenance in working memory, and matching of the template to 

rapidly presented stimuli then examining fully degraded, rapidly presented stimuli (27 
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ms) should reveal any group differences in the BOLD response in brain regions involved 

in creating and maintaining a provisional visual stimulus (Knight & Silverstein, 1998). 

To date, only one investigations of DS-CPT performance by patients with schizophrenia 

has utilized functional magnetic resonance imaging to localize brain areas with an 

atypical BOLD (blood oxygenation level dependent) response (Honey et al., 2005; 

Sepede et al., 2010).  They identified the anterior cingulate and a particle in the 

cerebellum as the only areas with significant task by group results. However, their 

comparison condition consisted of completely non-degraded stimuli which may have 

underpowered their ability to analyze functional differences in perceptual load.  A more 

recent investigation with healthy siblings of schizophrenia patients utilized a task that 

presented the stimuli for 200 ms with three levels of degradation (0%, 25%, and 40%) 

and found abnormal activity in the bilateral inferior frontal cortex, right posterior 

cingulate, and precentral gyrus (Sepede, et al., 2010).  However, as the task parameters 

significantly altered the cognitive demands of the task, and they did not include patients 

in their sample, the mechanisms underlying the traditional DS-CPT in patients have yet to 

be examined.  

A proposed model from visual neuroscience of object identification involving 

both top-down facilitation from the orbitofrontal cortex (OFC) (Bar, et al., 2006a) and 

higher level visual areas, such as the lateral occipital complex (Fang, et al., 2008), 

provides a framework for interpreting fMRI data of the DSCPT task.  In the model of 

top-down facilitation, an  initial „guess‟ is generated by the OFC and anterior temporal 

cortex and feeds back to the occipital cortex (LOC and earlier visual areas) for integration 
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with ventral stream information (Bar, 2003; Epshtein, Lifshitz, & Ullman, 2008).  While 

studies of OFC neural connectivity are limited to non-human studies, investigators have 

reported the existence of gray matter reductions in bilateral middle orbital gyri in 

schizophrenia patients (Nakamura et al., 2007).  For a full review of the literature 

supporting the current model, see Appendix A.   

As the evidence indicates that schizophrenia patients have demonstrated 

impairments for each cognitive construct that may underlie DS-CPT performance, a 

proposed model of this neural pathway may assist future investigations.  We propose that 

DS-CPT performance is completed by the dorsal pathway projecting limited information 

to the orbitofrontal cortex which facilitates target object recognition by proposing an 

initial „guess‟ to modulate processing in object recognition areas. The current 

investigation explores both top-down and bottom-up processes through a simple contrast. 

By presenting the original DS-CPT stimuli as well as a block of identical stimuli with the 

addition of a solid outline to the outside and inside we can compare how providing an 

overlearned top-down cue affects brain activation. Maintaining the nature of the degraded 

stimulus allows for a more similar contrast between the novel (degraded) stimulus that 

presumably requires template creation (bottom-up) and top-down facilitation of an 

overlearned stimulus.  Furthermore, group comparisons of the outlined stimuli (block B) 

may elucidate any differences in the BOLD response to frontal mediated task 

performance. Comparing the BOLD response to varying degrees of similar objects to the 

target will elucidate how areas responsible for visual integration contribute to DS-CPT 

performance.  In any areas that demonstrate group differences the percent signal change 
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in the BOLD response will be correlated with the behavioral performance index of d-

prime (d') to determine how the area may be related to the outcome. An additional block 

of fixed background noise was presented to provide an appropriate baseline condition for 

subtraction. 

Methods 

Participants 

 

Stable schizophrenia outpatients were recruited from the Minneapolis VA 

Medical Center clinic and community mental health agencies.  Potential participants were 

excluded if they had English as a second language, a charted IQ less than 70 or a 

diagnosis of mental retardation, current alcohol or drug abuse, past drug dependence, a 

current or past central nervous system disease or condition, a medical condition or 

disease with likely significant central nervous system effects, history of head injury with 

skull fracture or loss of consciousness of greater than 20 min, a physical problem that 

would render study measures difficult or impossible to administer or interpret (e.g., non-

removable metal in body, blindness, movement disorders, hearing impairment, paralysis 

in upper extremities, etc.), an age less than 18 or greater than 59, significant tardive 

dyskinesia as indicated by a Dyskinesia Identification System: Condensed User Scale 

(DISCUS) (Sprague & Kalachnik, 1991), or been adopted.   

We identified potential nonpsychiatric control subjects through posting 

announcements at community libraries, fitness centers, the Minneapolis VA Medical 

Center, and in newsletters for veterans and fraternal organizations. Study staff screened 

potential control participants via a telephone interview using the same age range as and 

exclusionary criteria as schizophrenia patient participants. Additionally, control 
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participants were excluded if they had a personal history of, or a first-degree biological 

relative with a likely history of, psychotic symptoms or an affective disorder as defined 

by the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) 

(American-Psychiatric-Association, 1994) . All participants completed an informed 

consent process with a safety screening form and the Minneapolis VA Medical Center 

and University of Minnesota Institutional Review Boards approved the study protocol.  

Assessment   

To obtain diagnostic information a trained doctoral-level clinical psychologist 

completed the Diagnostic Interview for Genetic Studies (DIGS) (Nurnberger et al., 1994) 

with each patient. The psychologist utilized all available clinical information to apply the 

Operational Criteria for Psychotic Illness (OPCRIT) (McGuffin, Farmer, & Harvey, 

1991) to determine the DSM-IV diagnosis.  A second psychologist or advanced doctoral 

psychology student reviewed all the available material and completed a second OPCRIT 

for the participants. Any diagnostic disagreement was resolved through a review of the 

individual OPCRIT items.  At the time of study participation a clinical interview was 

conducted and current symptomatology was rated using the Scale for the Assessment of 

Negative Symptoms (SANS) (Andreasen, 1983a), the Scale for the Assessment of 

Positive Symptoms (SAPS) (Andreasen, 1983b), and the 24-item version of the Brief 

Psychiatric Rating Scale (BPRS) (Lukoff, Nuechterlein, & Ventura, 1986).    

Degraded-Stimulus Continuous Performance Task (DS-CPT)  

Only those participants with normal or corrected-to-normal visual acuity were 

enrolled in the fMRI protocol. In addition, participants completed a practice session 
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outside of the scanner to ensure understanding of the task. The DS-CPT (Continuous 

Performance Test Program for IBM-Compatible Microcomputers, Version 7.10 for the 

Degraded Stimulus CPT, Nuechterlein KH, & Asarnow RF, 1996) was completed as a 

block design with degraded stimuli (block A), outlined degraded stimuli (block B), and 

degraded „noise‟ as control stimuli (block C). Each trial of the degraded stimuli and 

outlined degraded stimuli was composed of a single digit numeral (9˚x 6˚ visual angle in 

size) presented for 29 ms followed by a 971ms white display in which participants would 

respond.  The numbers and background were degraded, with 40% of the white numeral 

pixels switched to black and 40% of the black background pixels switched to white.  The 

outlined degraded stimuli were the same as the degraded stimuli with a 2 millimeter solid 

black outline around the outside and inside of the numerals. The resolution of the screen 

was 1280x1024 with a refresh rate of 70Hz. 

Stimuli were presented in fixed-pseudorandom blocks of 80 trials, 240 trials of 

each stimulus type were completed over three concurrent scans with fixation and 

instructions before each trial type in a single scanning session (See Figure 1). Subjects 

were instructed to press a button with their right thumb only when they thought they saw 

the numeral “0”.  Twenty-five percent of the stimuli were targets (“0”) and 75% were 

nontargets (numerals “1” to “9”).  The „noise‟ control trials consisted of instructing the 

participant to “just look” at a degraded background without numerals.  

Imaging Procedure 

 Images were collected on a 3T (Tesla) Siemens MRI system at the Center for 

Magnetic Resonance Research at the University of Minnesota Minneapolis campus. Each 



 

 9 

functional scan volume consisted of 35 3.5 mm thick axial slices collected parallel to the 

anterior commissure-posterior commissure (AC-PC) plane. An echo-planar (EPI) 

sequence (repetition time [TR] = 2000 milliseconds, echo time [TE] = 28 milliseconds, 

flip angle = 90˚, field of view [FOV] =224, base resolution = 64) was utilized to collect 

functional data. A structural image was collected with a high-resolution T1-weighted 

magnetization prepared rapid gradient echo (MP-RAGE) sequence with 160 1 mm thick 

slices in the same plane as the functional images (repetition time [TR] = 1600 

milliseconds, echo time [TE] = 438 milliseconds, flip angle = 15˚, field of view [FOV] 

=256, base resolution = 256).   

Imaging Processing 

     BOLD responses were estimated using  FEAT (fMRI Expert Analysis Tool) version 

5.98, part of FSL (FMRIB‟s Software Library).  Pre-processing included motion 

correction (rigid body registration of each volume to the central volume) using 

MCFLIRT (Jenkinson, Bannister, Brady, & Smith, 2002), non-brain removal using BET 

(Smith, 2002), spatial smoothing using a Gaussian kernel of FWHM 5 mm, mean-based 

intensity normalization of all volumes by the same factor, and highpass temporal 

filtering.  Registration of each subject's functional images to the subject's high resolution 

structural image was accomplished via a seven-parameter rotation with FSL's FLIRT 

program (Jenkinson, et al., 2002). FLIRT was also used to transform functional and 

structural images to MNI space with a 12-parameter affine registration.  Structured noise 

that accounted for greater than 2% of the explained variance within each participant's 

scan was removed using MELODIC and remaining spatial and temporal components 
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were examined visually to remove any residual artifact. Parameter estimates for the 

explanatory variables of were modeled by FEAT within each subject as a fixed-effects 

analysis before main effects and group comparisons were completed. An apriori mask of 

brain areas hypothesized to be involved in task performance was utilized to limit the size 

of the multiple comparisons problem for the whole-brain analyses (See Figure 2).  Cluster 

thresholding was completed through the use of AlphaSim (Simultaneous Inference for 

FMRI Data by Douglas Ward, 2000), which uses a Monte Carlo simulation of 1000 

iterations to estimate the probability of obtaining clusters of a specified size given the 

observed smoothness of the data, a geometrical criterion of spatial contiguity of greater 

than 4.94 mm, and an uncorrected voxel-level threshold of p<.05. The Monte Carlo 

simulation determined that a minimum cluster size of 404 MNI voxels (3,232 microliters) 

would occur by chance 5% of the time so this value was used to identify regions of 

interest to maintain a cluster-level alpha of .05. The observed smoothness or Gaussian 

filter size (FWHM) of the FEAT output was determined by taking the cube root of the 

RESELS value in the smoothness file of the input data and further verified by running 

AFNI‟s 3dFWHMx on the residuals.  Once statistically significant ROIs were identified, 

Featquery was run on each individual subject‟s FEAT output to obtain the mean percent 

signal change from baseline (fixation) within the identified ROI for each condition of 

interest. SPSS was used to display patterns of activation within each region graphically 

with 95% confidence intervals.  

Analyses based on task manipulation.  
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 An exploratory analysis was completed to examine brain areas involved in 

stimulus discrimination for non-ambiguous cues (outlined stimuli-Block B) and 

maintenance of provisional representations (degraded stimuli- Block A). Parameter 

estimates for the explanatory variables of block type (degraded, outlined, and fixed noise-

Block C) were modeled by FEAT within each subject as a fixed-effects analysis before 

group comparisons were completed. Degraded and outlined conditions were separately 

contrasted with fixed noise stimuli with fixation as baseline. Application of the 

thresholding method discussed above identified six statistical regions of interest for the 

main effect of degraded stimulus type (block A versus block C) and eight statistical 

regions of interest for the main effect of outlined stimulus type (block B versus block C). 

As statistically significant regions of interest were structurally similar in both stimulus 

types ROIs were collapsed across stimulus type and further analyzed.  The interaction of 

stimulus type and group yielded five unique regions of interest. See Table 1 for a listing 

of all regions of interest and the contrast that resulted in their identification. 

Analysis based on numeral similarity to target.  

An exploratory analysis was also conducted to examine areas of brain activation 

involved in perceptual organization and discrimination. The main effect of stimulus type 

of similarity to targets was assessed for both fully degraded stimuli and outlined stimuli 

separately.  Parameter estimates for the explanatory variables of similar (6, 8, 9), 

dissimilar (2, 3, 5), very dissimilar (1, 4, 7), and target (zeroes) stimuli were modeled by 

FEAT within each subject as a fixed-effects analysis before group comparisons were 

completed.  Cluster thresholding resulted in two statistical regions of interest for the main 
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effect of similarity within the degraded stimuli but no ROIs were found to be statistically 

significant for the interaction with group. Both ROIs were previously identified by the 

signal to noise manipulation as involved in task performance (lingual gyrus as part of the 

occipital cortex) and the default network (precuneus).   

For the outlined stimuli, cluster thresholding resulted in three statistical ROIs for 

the main effect of similarity though one was previously identified as involved in task 

performance (lingual gyrus as part of the occipital cortex).  Two areas were found to be 

significant for the interaction of similarity and group. As the second group interaction 

ROI spanned both the frontal and temporal lobes, it was manually separated into two 

ROIs. 

Results 

Behavioral Data Analyses 

 Participant performance was analyzed by computing the standard signal detection 

index of d ′ (target detection/perceptual sensitivity) and collecting reaction time to target 

stimuli in blocks A and B.  Performance was analyzed by computing repeated-measures 

ANOVAs to assess performance across blocks. There was a main effect of condition such 

that all participants exhibited poorer discrimination [F(1,24) = 313.757, p<.001] and 

slower response time [F(1,24) =37.038, p<.001] to degraded stimuli. The patients did not 

have poorer discrimination [F(1,24) = 1.303, p=.265] though they were slower than 

controls [F(1,24) = 5.99, p<.05] across both types of stimuli [F(1,24) = .167, p=.687].  

The interaction between condition and group was also not significant [F(1,24) = 2.497, 

p=.127] (See table 1).`  
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fMRI Data Analyses 

 

Analysis of percent signal change in the regions of interest identified by the 

voxel-wise thresholding yielded four overall response patterns. Regions that 

demonstrated an increase in activation during task relevant stimuli (Blocks A and B) with 

a return to baseline during fixed noise were considered areas responsive to stimulus 

presence. Regions that increased activation to degraded stimuli or similar objects greater 

than outlined or dissimilar objects were associated with task difficulty.  The third pattern 

of response also involved activation to task related stimuli but involved areas that are 

within the temporal and occipital cortices and functionally known to be responsible for 

visual object detection and recognition. The last pattern included areas that deactivated 

during task related stimuli and activated during the fixed noise stimuli. Three of the 

regions that exhibited this pattern are in areas previously identified in „default mode 

network‟ studies, such as the medial prefrontal cortex, precuneus, and left posterior 

temporal cortex (Christoff, Gordon, Smallwood, Smith, & Schooler, 2009).  Group 

differences were identified in select regions of each of the response categories.  To 

further clarify the role of the region in observed group interactions correlations with the 

behavioral indices of d-prime were calculated.  

 Performance Execution.  Regions that demonstrated a main effect of greater 

activation to task stimuli relative to fixed noise included the anterior cingulate cortex, the 

thalamus, superior temporal cortex, and occipital cortex (see Figure 3). There was an 

interaction with group in the inferior superior temporal cortex (Brodmann's areas 38 and 

22) and the anterior cingulate. The controls showed no similarity-dependent modulation 
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in the more inferior superior temporal region, the schizophrenia patients had a significant 

increase in activation to outlined targets. Correlations with d-prime supported the role of 

this region of interest in task performance for patients as activation was negatively 

correlated with very dissimilar degraded numerals [r = -.651, p = .016]. Though controls 

did not exhibit a significant modulation in the inferior superior temporal cortex, d-prime 

to both degraded and outlined stimuli was negatively correlated with activation of the 

region during target stimuli presentation [r = -.59, p = .035 for degraded and r = -.60, p = 

.03 for outlined].  The negative correlation to very dissimilar objects for patients and 

targets for controls suggests that this area is functioning very different for the two groups, 

perhaps patients are recruiting this area for discriminating all but the easiest stimuli while 

the controls are utilizing another area for target identification.  

 Patients also showed the reverse pattern compared to controls in the anterior 

cingulate where they had an increased response to both outlined and degraded similar 

objects. Activation to both blocks of stimuli were correlated with degraded d-prime such 

that greater discrimination predicted increased activation [r = .61, p = .028 for Block A 

and r = .62, p =.025 for Block B] (See Figure 8).  In the controls d-prime was correlated 

in the opposite direction so activation in the anterior cingulate was negatively correlated 

with d-prime to outlined stimuli though this relationship was primarily driven by an 

outlier [r = -.58, p = .039 for Block A and r = -.59, p =.033 for Block B].  The stronger 

relationship between performance and activation of the ACC in patients implies greater 

need for cognitive control and enhanced error monitoring relative to controls.  
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  Task Difficulty.  Areas that showed difficulty-dependent patterns of activation 

were identified in frontal cortical regions.  A large bilateral middle frontal region of 

interest showed greatest activation to degraded stimuli followed by outlined stimuli with 

fixed noise as slightly greater than fixation (see Figure 4). The right dorsolateral 

prefrontal cortex (DLPFC) had a step-wise decrease in activation relative to task 

difficulty for the schizophrenia patients but a significant decrease in activation for both 

outlined stimuli and fixed noise in control participants. In terms of the similarity analysis, 

while both schizophrenia patients and controls showed the greatest activation to outlined 

similar objects, the controls had a significant deactivation to outlined targets. While there 

was no significant association between performance and ROI for schizophrenia patients, 

d-prime for degraded stimuli was positively correlated for controls with both degraded 

and outlined stimuli [r = .741, p = .004 for degraded and r = .66, p = .015 for outlined] 

(See Figure 8). This pattern of greater overall recruitment of the area by schizophrenia 

patients but without a direct relationship to performance implies dysregulation of 

attentional resources or response inhibition. 

 Visual Object Recognition.  Many of the regions identified within the block 

analysis as varying due to group have been identified by other researchers as responsible 

for visual object recognition.  Activation in the right Lateral Occipital Complex (LOC), 

inferior temporal cortex (BA's 39 and 19), and middle temporal gyrus (BA 21) was 

greatest for the outlined stimuli but varied with group in response to the degraded stimuli 

and noise. This pattern supports previous findings that these regions are involved in 
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recognition and the existence of possible compensatory mechanisms in patients with 

schizophrenia (Silverstein et al., 2010).   

 The LOC showed similar activation to both degraded and outlined stimuli with a 

baseline response to fixed noise while the controls showed significantly increased 

activation to outlined stimuli relative to both degraded stimuli and fixed noise which did 

not differ from baseline (see Figure 5).  Further, the only significant association between 

performance and activation in the LOC was a negative correlation between outlined 

stimuli and outlined targets such that activation predicted a decrease in discrimination [r 

= -.77, p = .002 for patients and r = -.52, p = .067 for controls]. The pattern in the inferior 

temporal cortex (BA's 39 and 19) was almost identical to the LOC with similar 

behavioral associations. While this negative association may seem to contradict the role 

of the LOC in object identification, previous findings indicate that degraded stimulus 

duration is negatively correlated with activity in integration areas like the LOC (Grill-

Spector, Kushnir, Hendler, & Malach, 2000).  

 The middle temporal gyrus (BA 21) showed a unique pattern as both groups had a 

significant activation to outlined stimuli but no response to degraded stimuli, though 

again the controls showed a significant increase during fixed noise where no stimuli were 

present. Performance in the degraded condition was significantly correlated with activity 

in this ROI for controls only [r = .566, p =.04 with r = -.002, p= .99 for patients]. This 

likely represents part of the 'overlearned' template matching such that activation 

corresponds with easily recognized stimuli, hence the relationship between degraded 

stimuli and controls.  
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 Default Mode Network. Several regions exhibited deactivation to task stimuli 

relative to the fixed noise condition and baseline (fixation), although controls showed this 

pattern more distinctly in some areas. In both groups the precuneus and posterior 

temporal ROI showed deactivation to task stimuli. In the orbitofrontal gyrus and medial 

frontal ROI schizophrenia patients showed no significant modulation across stimuli but 

controls showed a significant deactivation to degraded stimuli and an activation to fixed 

noise implying more suppression of the default network during the more difficult task 

(see Figure 6).  Despite the lack of differentiation to stimulus types, patients 

demonstrated a positive correlation between d-prime to degraded stimuli and activation 

of the orbitofrontal gyrus during the degraded block of stimuli [r = .60, p =.03] as well as 

between outlined d-prime and outlined similar [r =.55, p =.05] and dissimilar objects [r = 

.71, p = .007] (See Figure 7). Controls also showed a number of correlations between 

activation in the OFC and d-prime, though in the opposite direction with outlined d-prime 

and the block of outlined stimuli [r = -.69, p = .009] as well as targets and d-prime [r = -

.58, p = .04 for degraded and r = -.64, p = .02 for outlined] but in the same direction as 

patients with similar degraded objects [r = .65, p = .015].  

As an additional part of the default mode network, controls had a significant 

deactivation to both degraded and outlined stimuli in the anterior inferior medial frontal 

areas while patients showed no difference. However, schizophrenia patients did show a 

significant negative correlation between d-prime to degraded stimuli [r = -.56, p = .046] 

and fixed noise [r = -.64, p = .02] and activation in the anterior inferior medial frontal 

area while the controls showed no significant correlation with block stimuli. The 
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correlations found between behavioral data and default mode network ROI activations 

may illustrate the degree of variability in both activation and behavioral performance 

within the patient group such that those who suppressed activation in this region 

performed better than those who did not.  

Discussion 

 Utilizing fMRI to investigate the functional mechanisms involved in DS-CPT 

performance and any subsequent areas that may be involved in the observed performance 

deficits in schizophrenia resulted in four patterns of response with differences between 

groups in each category. The involvement of top-down and bottom-up components was 

also confirmed as regions involved in task performance included areas in the frontal, 

temporal, and occipital lobes. The anomalous activation exhibited by schizophrenia 

patients by increased recruitment of the ACC, DLPFC, and OFC in task performance  

suggests compensatory top-down regulation while default mode network and visual 

recognition activation patterns that are inconsistent with behavioral performance 

underscores the increased variability in response found in patients with schizophrenia. 

 Atypical activation in areas associated with task performance such as Brodmann's 

areas 38 and 22 in the superior temporal cortex may reflect the semantic nature and pace 

of the DS-CPT. A previous study that manipulated effort of retrieval and switching in a 

semantic word generation task found no group difference in the BOLD response during   

low task demands but increased activation only in patients as processing demands 

increased (Ragland et al., 2008).  As performance was negatively correlated with 

activation to targets only in the controls, either a lack of active suppression or failure to 
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recruit other areas for identification may be one mechanism underlying task deficits in 

patients.    

 The differential response of the anterior cingulate, also found by Honey et al 

(2005) supports previous research of abnormalities in the role of the ACC in executing 

cognitive control and conflict monitoring in patients (MacDonald, Cohen, Stenger, & 

Carter, 2000). As activation was positively correlated with performance in the patients 

while the reverse was observed in controls successful task performance may require 

greater effort in patients. Greater activation of the DLPFC in patients, though unrelated to 

performance, also supports a failure to modulate resources adequately perhaps in a 

compensatory fashion (Schlosser et al., 2009).  

 The presence of a negative correlation in patients between the LOC and d-prime 

for outlined targets was contrary to our hypothesis as previous fMRI studies have 

reported positive correlations between activation in this region and degree of recognition 

(Bar et al., 2001; Grill-Spector, et al., 2000).  However, as there were no other significant 

correlations with behavioral performance and the relationship was not significant in 

controls this may be accounted for by a recent report of anomalous topography of the 

LOC in schizophrenia. (Wynn et al., 2008) found a normal degree of activation in 

retinotopically organized regions (V1-V4), motion sensitive areas, and the LOC but 

reported that the LO activity was more widely distributed in patients than in controls. It 

could be that the method of region identification resulted in a mask that did not include 

all of the tissue, and therefore an accurate portrayal, of the response to outlined stimuli. If 

this region is only responsive to recognized stimuli then it is also unclear why controls 



 

 20 

would show the same degree of activation to fixed noise as to degraded stimuli. In 

addition to the possibility that the ROI did not encompass all responsive areas, several 

participants remarked that they wondered if the fixed noise block was a 'trick' and 

contained hidden stimuli so they may have been using visual imagery to search for 

stimuli that were not present. The inferior temporal cortex (BA 39 and 19), which 

contains high-level object recognition areas as well as areas that have been identified as 

part of the default mode network may have been active during 'mind-wandering' both on 

and off task (Christoff, et al., 2009). 

 Other brain regions were categorized as part of the 'default mode network' by 

exhibiting activation to fixed noise with no significant change from baseline fixation in 

response to task stimuli. While the precuneus and posterior temporal areas showed no 

interaction with group, the interaction between group and percent signal change in the 

anterior inferior medial frontal area and the orbitofrontal cortex (OFC) suggests that 

'mind-wandering' may only be observed when the regions are not required for task 

performance.  The anterior inferior medial frontal area may be involved both in central 

executive functioning and 'mind-wandering' and even contribute to performance deficits 

during demanding tasks if not utilized (Christoff, et al., 2009; Smallwood, Beach, 

Schooler, & Handy, 2008).  The pattern of activation found in the controls would support 

this theory as deactivation was greatest to degraded stimuli and targets in both conditions 

(without behavioral correlations) while patients showed no modulation but negative 

associations with performance.  This may indicate that while patients exhibited greater 

'mind-wandering' throughout the scan therefore showing no difference across stimulus 
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type compensatory mechanisms like the OFC were recruited to achieve similar 

behavioral performance.   

 Based on an MEG/fMRI investigation in visual neuroscience, the OFC was 

hypothesized to facilitate object recognition through top-down feedback to the temporal 

cortex (Bar et al., 2006b). While this hypothesis was not supported by the percent signal 

change as the patients showed no modulation and the controls deactivated to degraded 

stimuli, no other region demonstrated multiple positive correlations with behavioral 

indices in patients while controls showed the opposite response. This pattern of 

associations supports the theory that greater top-down modulation is necessary for 

successful resolution of ambiguous stimuli in schizophrenia patients. Other recent studies 

of top-down processing have also identified the OFC as responsible for regulating object 

identification albeit in face processing of the fusiform gyrus  (Fruhholz, Godde, Lewicki, 

Herzmann, & Herrmann, 2010; J. Li et al., 2010).  As this region showed decreased 

BOLD response in controls, this may be the compensatory mechanism by which patients 

achieve similar behavioral performance.  
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Table 1. Participant demographics and performance on the task. 

 

Variable Schizophrenia Patients 

(n=13) 

Control Participants (n=13) 

Age  46 45 

Percent Female 15% 31% 

Education 14.4 (2.1) 16.2 (1.8) 

BPRS Total 42.8 (11)* 11 (4) 

D-prime Degraded 1.78 (.51) 1.74 (.73) 

Degraded Reaction Time 540.9 (61.1) ms 483.6 (70) ms 

D-prime Outlined 4.23 (.64) 4.67 (.46) 

Outlined Reaction Time 468.4 (77) ms 421.9 (38) ms 

* Different from control groups mean, p<.01. 
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Table 2. Statistically Defined Regions of Interest. 

Figure Response Pattern  Method of ROI Definition ROI MNI Coordinates 

(Max Intensity 

Voxel) 

Cluster 

Size (μL) 

Max 

1 

 

Presence of task 

stimuli 

 

Block A vs. Block C Anterior Cingulate Cortex 

(ACC) 

-2, 4, 50 25536 

 

4.9143 

 

Block A vs. Block C Thalamus 10, -18, 6 13088 

 

4.0628 

 

Block A vs. Block C Bilateral Inferior Occipital 30, -56, 44 

 

20288 

 

4.9241 

 

Similarity Outlined Superior Temporal -60, -6, -12 10928 3.049 

Similarity Outlined x Group Inferior Superior Temporal -50, 36, -14 2856 2.6752 

2 

 

 

Task Difficulty Block A vs. Block C Middle Frontal (bilateral) 36, 24, 0 

-48, 4, 30 

91944 

34128 

5.209 

5.2142 

Similarity Outlined Right Dorsolateral 

Prefrontal Cortex (DLPFC)  

50, 48, -8 6472 -2.946 

3 

 

Object Detection / 

Recognition 

 

A vs. C x Group Lateral Occipital Complex 

(LOC) 

38, -48, -12 1496 2.7239 

 

B vs. C x Group Middle Temporal gyrus 

(BA 21)  

38, -8, 28 3296 3.0458 

A vs. C x Group Inferior Temporal (BA 19) 38, -80, 4 2976 6.1529 

 

4 

  

Default Network 

 

A vs. C x Group Orbitofrontal Cortex  -18, 24, -16 6296 3.1446 

A vs. C x Group; Similarity 

Outlined x Group 

Medial frontal (Anterior) 16, 56, 0 3312 3.4929 

Block B vs. Block C Medial Frontal 2, 54, -4 12088 -3.7716 

Block B vs. Block C Left Anterior Temporal -58, -6, -26 4688 -3.887 

Block A vs. Block C Left Posterior Temporal -56, -70, 24 3392 -3.6097 
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Figure 1.  Target stimulus examples and presentation paradigm during experiment.  

 Degraded stimuli (A), Outlined (B), and fixed noise (C) were presented in blocks for 

three successive scans in  a randomized fixed order (ABC, BCA, CAB). 
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Figure 2.  Cortical mask used to limit analysis.  

The following areas were included in the mask: anterior cingulate, fusiform gyrus, 

inferior temporal gyrus, inferior occipital gyrus, orbital gyrus, superior frontal gyrus, 

caudate, nucleus accumbens, lingual gyrus, middle occipital, middle temporal, superior 

temporal, superior occipital, inferior frontal gyrus, inferior parietal lobule, superior 

parietal lobule, middle frontal gyrus, thalamus, medial geniculate body, lateral geniculate 

body, transverse temporal gyrus, cuneus, precuneus, and the medial frontal gyrus.   
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Figure 3.  Areas identified by a main effect of task presentation.  

A) ROIs included bilateral occipital cortex, thalamus, inferior superior temporal cortex, 

and the anterior cingulate cortex.   

 
B) Characteristic block response pattern, illustrated by responses in occipital ROI. Blue: 

mean response amplitude during blocked presentation of degraded stimuli (error bars: 

95% confidence intervals); green: mean response during blocked presentation of outlined 

stimuli; beige: mean response, relative to fixation, during presentation of noise stimuli 

with no numerals present.  
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C) In addition to the general block pattern, ACC showed significant responses to similar 

numerals in patients but not controls. Graph on the left is for degraded stimuli, graph on 

the right is of outlined stimuli. Blue: mean response amplitude during dissimilar (2,3,5s) 

stimuli (error bars: 95% confidence intervals); green: mean response during similar 

(6,8,9s) stimuli; beige: mean response, relative to fixation, during presentation of target 

(0s) stimuli; purple: mean response to very dissimilar (1,4,7s) stimuli.  

 

 
D) Patients also showed increased activation to outlined targets in superior temporal ROI. 
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Figure 4.  Areas identified by a main effect of task difficulty  

A) ROIs (mid frontal and DLPFC).  

 
B) Characteristic block response pattern, illustrated by responses in bilateral middle 

frontal ROI. Blue: mean response amplitude during blocked presentation of degraded 

stimuli (error bars: 95% confidence intervals); green: mean response during blocked 

presentation of outlined stimuli; beige: mean response, relative to fixation, during 

presentation of noise stimuli with no numerals present.  
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Figure 5.  Areas showing a pattern consistent with object detection and recognition  

A) ROIs (Lateral Occipital Complex (LOC), middle temporal, inferior temporal).  

 
B) LOC activation during A, B & C blocks.  
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C) Response amplitude in the LOC as a function of similarity in degraded stimuli. Blue: 

mean response amplitude during dissimilar (2,3,5s) stimuli (error bars: 95% confidence 

intervals); green: mean response during similar (6,8,9s) stimuli; beige: mean response, 

relative to fixation, during presentation of target (0s) stimuli; purple: mean response to 

very dissimilar (1,4,7s) stimuli. 

 
D) Response amplitude in the LOC as a function of similarity in outlined stimuli. Blue: 

mean response amplitude during dissimilar (2,3,5s) stimuli (error bars: 95% confidence 

intervals); green: mean response during similar (6,8,9s) stimuli; beige: mean response, 

relative to fixation, during presentation of target (0s) stimuli; purple: mean response to 

very dissimilar (1,4,7s) stimuli. 
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Figure 6.  Areas identified as belonging to the default mode network.  

A) ROIs include the OFC, precuneus, medial frontal cortex, anterior medial frontal 

cortex, left anterior temporal cortex, and left posterior temporal cortex.  

  

B) ROIs showing the same pattern for patients and controls (precuneus & ?).  

 
C) ROI showing default mode pattern responses in OFC present in controls but not in 

patients with schizophrenia. 
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Figure 7.  Correlations between behavioral data and OFC responses  

A) Correlation between degraded d-prime and percent signal change to degraded stimuli 

was significant for patients but not for controls. 

 
B) Correlation between degraded d-prime and percent signal change to degraded targets 

stimuli was significant for controls but not for patients though in the opposit direction. 
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Figure 8.  Behavioral correlations for ACC and DLPFC. 

A) Controls show a positive correlation between d-prime to degraded stimuli and percent 

signal change in the DLPFC to degraded stimuli while patients show no relationship. 

 
B) Patients exhibited a positive correlation between d-prime to degraded stimuli and 

percent signal change in the ACC to degraded stimuli while controls showed no 

relationship. 
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Appendix A:  Background information of the model of the neural mechanisms 

underlying sensitivity deficits on the DS-CPT in schizophrenia patients. 

While cognitive deficits have been implicated in the etiology and are often 

manifested in the symptomatology of schizophrenia, the nature of the functional 

mechanisms is the subject of much investigation.  The continuous performance task 

(CPT) has become one of the most popular and prominent tasks for differentiating patient 

groups from non-psychiatric controls regardless of clinical state (Cornblatt & Keilp, 

1994; K. H. Nuechterlein et al., 1991) though the difficulty level of the task may affect 

the observed degree of impairment in patients (W. J. Chen & Faraone, 2000; R. W. 

Heinrichs, 2001; Straube, et al., 2002) and non-psychiatric biological relatives (Maier, 

Franke, Hain, Kopp, & Rist, 1992).  However, various forms of the CPT involve different 

cognitive and presumably, neural mechanisms.  A recent investigation into four 

variations of the CPT found that „a difficulty in rapidly encoding information (i.e., 

constructing a representation) in certain "unengaging" situations‟ may be the core 

cognitive construct associated with this class of test (Elvevag, Weinberger, Suter, & 

Goldberg, 2000).  While this class of neuropsychological tasks is quite complex and 

undoubtedly involves multiple brain regions and integration across areas, understanding 

the processes that underlie the „rapid encoding of information‟ and subsequent 

performance deficits may guide future investigations of neural abnormalities.  Due to an 

increased sensitivity to processing deficits in both remitted schizophrenia patients and 

their unaffected biological relatives, the degraded-stimulus continuous performance task 

(DS-CPT) has been identified as a potential endophenotype.  This review will briefly 

consider the findings that support DS-CPT performance as a biological marker for 
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genetic liability to schizophrenia before discussing potential cognitive constructs 

involved in performing the DS-CPT.  

The task itself requires rapid processing of visual information, integration of the 

visual scene and discrimination to identify target stimuli. These processes may also be 

described in terms of stimulus driven bottom-up sensory processing, perceptual 

organization of the various elements to form a coherent whole, and top-down modulation 

to process task relevant stimuli.  Though these constructs have not been specifically 

examined in relationship to DS-CPT performance in schizophrenia patients, other 

paradigms have been used to investigate these concepts.  Bottom-up visual sensory 

processing, specifically deficits in the magnocellular/dorsal pathway have been identified 

as abnormal in schizophrenia through the use of contrast sensitivity manipulations and 

object perception paradigms. However, perceptual organization abnormalities have also 

been identified as part of the basic symptomatology of schizophrenia and may appear 

before the onset of psychotic symptoms (Klosterkotter, et al., 2001).  While the visual 

neuroscience literature indicates the primary visual cortex and extra-striate areas are 

primarily responsible for the integration of distinct elements into a coherent whole, 

perceptual organization tasks of relevance to the DS-CPT have focused on behavioral 

investigations. So while the neural mechanisms involved at this level have not yet been 

elucidated, evidence suggests that deficient perceptual organization may be a mediating, 

state-dependent factor in schizophrenia.    Recent evidence from visual neuroscience 

indicates that both initial sensory processing and integration are susceptible to strong top-

down influences.  Though the nature of these influences and how they may be 
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implemented by the orbitofrontal cortex is still under investigation, evidence of structural 

abnormalities in schizophrenia patients and their unaffected relatives suggests that it may 

play a role in the observed DS-CPT discrimination deficit.  

As the evidence indicates that schizophrenia patients demonstrate impairments for 

each cognitive construct that may underlie DS-CPT performance, a proposed model of 

this neural pathway may assist future investigations. In an extension of a model from 

visual neuroscience (Bar, 2003), we propose that DS-CPT performance is completed by 

the dorsal pathway projecting limited information to the orbitofrontal cortex which 

facilitates target object recognition by proposing an initial „guess‟ to modulate processing 

in object recognition areas.  Could this pathway or the dysfunction of any particular 

aspect be the source of the observed deficit in schizophrenia? 

The CPT: An Index of Vigilance Alone? 

 The continuous performance test (CPT) originated as a task to investigate the 

nature of cognitive deficits, specifically sustained attention, in individuals with brain 

damage or dysfunction (Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956).  The 

construct of sustained attention or vigilance, while often debated, may broadly be 

conceived as the „ability to maintain alertness and a focused readiness to detect and 

respond to changes in the environment over a prolonged period of time‟  (pg. 305,  K. H. 

Nuechterlein, et al., 1998).  As such, the original paradigm typically involved the 

detection of targets which appeared randomly and infrequently within a set of stimuli 

over fifteen to sixty minutes and were similar to situations experienced by radar monitors 

(Davies & Parasuraman, 1982).  The CPT has become the most frequently used measure 
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of attention in both applied and basic research and investigations into the neural 

mechanisms involved in performance identified numerous brain areas including the 

frontal, temporal, and parietal lobes as well as subcortical structures (limbic system, basal 

ganglia)  and the functional pathways between these areas (Riccio, Reynolds, Lowe, & 

Moore, 2002) 

 The CPT is often used to examine the vigilance decrement, a decline in 

performance over time that was first observed and remarked upon during World War II 

(Mackworth, 1948).  This decrement is now often indexed per signal detection theory as a 

decline over time in d-prime (d'), an estimate of sensitivity calculated with the number of 

correct hits minus the false positives (Swets & Green, 1966).  Performance may also be 

characterized by the response bias, or β.  As various forms of the CPT came into use over 

time, differences in the obtained discrimination values and even the examined construct 

of sustained attention became noticeable across paradigms (W. J. Chen & Faraone, 2000).  

A taxonomy of vigilance performance was developed by Parasuraman and Davies (1977) 

who categorized tasks by both the type of detection involved (successive or 

simultaneous) and the rate at which stimuli were presented ( ≥ 24 events per minute is 

high and less than that is low) (Parasuraman & Davies, 1977).  The principle difference 

between successive and simultaneous tasks is the degree of working memory involved.  

In successive tasks, the subject must compare each subsequent stimulus with either a 

standard that is held on-line or the immediately preceding stimulus (i.e., CPT-AX, CPT-

IP) but with simultaneous tasks all of the information needed to make a correct decision 

is available within the presented stimulus (i.e., DS-CPT).  A subsequent study described a 
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third factor as the relative „familiarity‟ of stimuli, where sensory stimuli which were 

unfamiliar increased the vigilance decrement while symbolic or alphanumeric stimuli did 

not (Koelega, Brinkman, Hendriks, & Verbaten, 1989).  A recent meta-analysis of 138 

CPT investigations found support for all three of the factors as well as a three way 

interaction, such that the vigilance decrement in simultaneous tasks increased with event 

rate for symbolic stimuli but decreased with faster presentation for sensory stimuli though 

these relationships reversed for successive tasks (See, Howe, Warm, & Dember, 1995). 

Furthermore, by analyzing the reported performance indices, they found that some 

versions of the task show an increase in the sensitivity decrement over time, a vigilance 

decrement, while in others sensitivity remains relatively stable. Overall, findings of three 

task-related factors that significantly impact the sensitivity of the paradigm highlights the 

importance of only comparing tasks with the same performance demands to avoid 

confusing the cognitive constructs under discussion.  For the purposes of this review, I 

will limit the discussion as much as possible to versions of the degraded stimulus version 

of the CPT with similar task parameters. 

DS-CPT Performance and Schizophrenia  

 In his early observations of „dementia praecox,‟ Krapelin commented on the 

perceptual and attentional difficulties that characterized his patients (Kraepelin, 1971).  

As the CPT was reportedly sensitive to dysfunctions in attention, it was applied to the 

investigation of schizophrenia just a few years after it was developed (Orzack & 

Kornetsky, 1966).  However, the various CPTs utilized in clinical neuropsychology, 

especially in schizophrenia research, tend to be faster paced (typically 1/sec), with a very 
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brief stimulus duration (30-100 ms), and a shorter overall task duration (5-15 minutes) 

than those used in the original vigilance investigations (K. H. Nuechterlein, 1991).  As a 

modification of the two-digit CPT (Kornetsky & Orzack, 1964), the degraded-stimulus 

CPT (DS-CPT)  was introduced as an attempt to increase the sensitivity of the vigilance 

decrement (K.H. Nuechterlein, 1983).  The DS-CPT is a simultaneous task with a high 

event-rate of blurry, degraded numerals that were initially created by defocusing the 

projection lens or introducing glass or particles to obscure the image but are now often 

obtained by inverting a percentage of the pixels from black to white.  By „degrading‟ the 

numerals they are made less familiar so perceptual analysis and encoding must be more 

„effortful‟ (K. H. Nuechterlein, et al., 1983). 

 If discrimination impairments on the DS-CPT are an indicator of vulnerability for 

schizophrenia they should be stable across clinical state and present regardless of illness 

duration or treatment with neuroleptic medication (Liu, Chen, Chang, & Lin, 2000; K. H. 

Nuechterlein & Dawson, 1984).  Early investigations into DS-CPT performance 

impairments in schizophrenia patients reported that sensitivity deficits were related to 

negative symptoms but not to clinical state (K. H. Nuechterlein, Edell, Norris, & 

Dawson, 1986).  Thirty-two schizophrenia inpatients completed the task while 

hospitalized for an exacerbation of psychosis and were retested after stabilization was 

achieved as an outpatient.  The investigators reported significant positive correlations 

across both assessment times for task performance (d') and BPRS ratings of anergia and 

conceptual disorganization but not for hallucinations or delusions.  Subsequent studies 

supported the existence of target identification impairments on the DS-CPT as a stable 
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deficit in remitted schizophrenia outpatients (K. H. Nuechterlein, et al., 1998; K. H. 

Nuechterlein et al., 1992; K. H. Nuechterlein, et al., 1991).  In addition, a double-blind, 

twelve- week randomized trial found no significant effects for either clinical state or 

atypical (risperidone) and typical (haloperidol) neuroleptics on DS-CPT performance in 

schizophrenia patients (Liu, et al., 2000).  Though a recent meta-analysis of fifteen 

studies involving CPT performance did not specify which type of tasks were included 

(i.e., DS-CPT, CPT-IP, CPT-AX), the overall findings indicated a moderate effect size of 

1.18 (SD=.49, 95% CI=.94-1.50) and an overlap of 37.8% between distributions of 

patient scores and normal controls (R.W. Heinrichs & Zakzanis, 1998).  Although this is 

one of the larger effects with less variability than the other tests examined by their meta-

analysis, this degree of overlap implies the existence of subgroups of impaired and 

normal-performing schizophrenia patients. In fact, while reviewing the literature of CPT 

execution in schizophrenia it is not only apparent that subgroups of patients exist, but that 

differences in task parameters (stimulus presentation time, familiarity of stimuli, degree 

of degradation, and length of trial) likely impact performance as they place different 

demands on the performer.  Limiting our examination to the DS-CPT and reviewing the 

performance of unaffected biological relatives and other patient populations may 

elucidate the stability of this impairment to schizophrenia. 

The DS-CPT as an Endophenotype for Schizophrenia 

 Although DS-CPT performance impairments in schizophrenia may be a 

neurobehavioral risk factor for illness vulnerability they are also confounded by the 

potentially degenerative effects of psychosis (Rund, Zeiner, Sundet, Oie, & Bryhn, 1998) 
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and medication effects (Nestor et al., 1991).  As relatively few studies have found 

substantial evidence of a relationship between these effects and performance deficits on 

the DS-CPT in schizophrenia, it has been proposed as an endophenotype (W. J. Chen & 

Faraone, 2000).  As a stable indicator of genetic vulnerability to schizophrenia these 

deficits should be heritable, present in unaffected biological relatives at a rate higher than 

the general population and co-segregate with the illness in families (Gottesman & Gould, 

2003).  If the neural mechanisms of rapid object identification under high perceptual 

processing loads are confirmed as an endophenotype, their use in genetic linkage 

analyses could lead to increased statistical power in identifying the genes involved in the 

clinical phenotype of schizophrenia (Faraone et al., 1995). 

However, CPT versions without high processing demands may not show deficient 

processing in remitted schizophrenia patients or unaffected relatives (Green, 1998; Mass, 

Wolf, Wagner, & Haasen, 2000; Mirsky et al., 1992; Mirsky, Yardley, Jones, Walsh, & 

Kendler, 1995; K. H. Nuechterlein, et al., 1998).  By increasing perceptual load (K. H. 

Nuechterlein, et al., 1983), the DS-CPT exhibited increased sensitivity to discrimination 

impairments present in the children of schizophrenic mothers that were not evident in 

children of non-schizophrenia spectrum psychiatric disordered mothers or non-affected 

mothers as well as hyperactive children (K.H. Nuechterlein, 1983).  Other researchers 

also found support for the heightened sensitivity of the DS-CPT in indexing a perceptual 

impairment specific to genetic risk (in offspring) for schizophrenia as compared to 

genetic risk for affective disorders (Rutschmann, Cornblatt, & Erlenmeyer-Kimling, 

1986). 
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 A perceptual impairment or discrimination deficit has also been demonstrated in 

siblings and parents of individuals with schizophrenia. Maier et al (1992) used two 

different versions of the DS-CPT that varied in stimulus presentation time (30-70 ms) and 

degree of degradation (more or less blurry). They found that both patients and their 

healthy biological siblings were differentially impaired on the more blurred version 

regardless of stimulus duration compared to non-psychiatric controls, emphasizing the 

importance of the degree of „unfamiliarity‟ over the speed of processing to the observed 

deficit (Maier, et al., 1992).   Similarly, an investigation into the co-occurrence of 

performance deficits on the DS-CPT, smooth-pursuit eye tracking, and schizotypy 

symptoms in 30 healthy biological siblings and twelve patients originally collected data 

at varying degrees of degradation (60, 70, 80, 75, and 85) but finalized their research with 

only the 75% condition due to a presumed lack of sensitivity to the deficit (Grove et al., 

1991).  Grove et al (1991) reported a heritability estimate (h²) of 0.79 (SE=.03) for d′ and 

indicated that all of the measures co-aggregated in families.  They concluded that a single 

factor may underlie the genetic basis for these traits, though the sample size for the CPT 

was relatively limited. A more conservative heritability estimate was reported with a 

larger sample of 148 first degree biological relatives (79 parents, 67 siblings, and 2 

offspring) of schizophrenia probands that completed a less strenuous version of the DS-

CPT (25%) and an undegraded version of the CPT (W. J. Chen et al., 1998).  The 

schizophrenic probands demonstrated reduced sensitivity (d′) for both degraded and 

undegraded conditions while the relatives were reduced in their sensitivity but to a lesser 

degree.  In addition, the deficit appeared to be markedly heritable as the relatives of 



 

 54 

impaired probands exhibited a greater deficit than the relatives of less impaired probands 

regardless of schizotypal symptomology.  On both versions of the CPT relatives 

demonstrated a negative correlation between d′ and the schizotypy factors of 

interpersonal dysfunction and disorganization but not for cognitive/perceptual 

dysfunction, supporting previous findings of a relationship between discrimination 

impairment and negative symptoms in schizophrenia patients.  Overall, their estimates of 

heritability for DS-CPT performance (d′) ranged from 0.57 (SD=.28) when both parents 

participated in the study (10 families) to 0.51 (SD=.32) when only one parent participated 

(18 families) (W. J. Chen, Liu, et al., 1998). 

In support of these preliminary findings, the Consortium on the Genetics of 

Schizophrenia (COGS) study recently published their findings of the DS-CPT as a 

potential endophenotype across seven geographical sites in the United States involving 

183 nuclear families (Calkins, et al., 2007).  The version of the DS-CPT they used was 

moderately degraded (40%) and stimuli were presented every second for only 29 ms.  

While the methodology varied from the previous studies reported, the heritability 

estimate (h²) was similar though slightly more conservative at 0.38 (SE=.07) 

(Greenwood, et al., 2007).  As they also collected data on several other 

neuropsychological tasks they reported significant genetic correlations between the DS-

CPT and cognitive measures that may reflect processing speed and visual spatial working 

memory (abstraction and mental flexibility, letter-number sequencing, visual object 

learning test, and judgment of line orientation) (Crowe, 2000). Since other evidence 

suggests that these processes may be heritable (J. Fan, Wu, Fossella, & Posner, 2001), the 
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authors proposed an „overlapping genetic architecture (pleiotropy)‟ for these 

endophenotypes;  they may also share neural mechanisms (Greenwood, et al., 2007).  

As performance on the DS-CPT appears to be heritable and related to genetic 

liability for schizophrenia, specificity to schizophrenia rather than psychopathology in 

general would increase its reliability in genetic linkage analyses.  Examining DS-CPT 

performance in other psychiatric patient groups and their unaffected relatives may 

elucidate the clinical symptoms or shared genetic liability that is related to deficient 

performance.  As the task is relatively complex and involves multiple cognitive 

constructs, deficient performance by other patient groups with overlapping clinical 

presentation may highlight the cognitive mechanism that is impaired in schizophrenia.  

However, if DS-CPT performance impairments are a shared genetic vulnerability 

indicator for related mental disorders, like bipolar disorder, it would identify the neural 

processes involved as possible endophenotypes for both disorders as evidence suggests 

they have a partially shared genetic background (Ketter, Wang, Becker, Nowakowska, & 

Yang, 2004; K. H. Nuechterlein, 1990; Tsuang, Taylor, & Faraone, 2004). 

Data from neuropsychological studies of diagnostic specificity have yielded 

mixed findings concerning the discrimination impairment.  Fleck et al (2001) found that 

actively psychotic bipolar patients did not differ in sensitivity or false positive rate from 

schizophrenia patients though both groups performed under non-psychiatric controls.  

While both groups were actively experiencing psychosis the schizophrenia patients could 

only be differentiated from the bipolar patients by the nature of their response bias in 

regards to target reaction time.  The bipolar patients displayed a more lenient response 
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bias with faster reaction times and the schizophrenia patients exhibited a more stringent 

response bias with slower reaction times suggesting that dissimilar processes underlie the 

impairment (Fleck, et al., 2001).  A similar result was reported with the direct comparison 

of remitted bipolar and schizophrenia patients with non-psychiatric controls (Addington 

& Addington, 1997).  While schizophrenia patients were significantly impaired on 

sensitivity as compared to the control group, bipolar patients‟ performance was in 

between the other groups and not significantly different from either schizophrenia 

patients or controls.  Unfortunately, they did not report reaction times or β which may 

have differentiated the groups.  It is also of note that the bipolar patients were 

significantly older than both the comparison groups and age has been negatively 

correlated with discrimination in a large community sample (W. J. Chen, Hsiao, Hsiao, & 

Hwu, 1998).  Further clarification of diagnostic specificity was obtained by administering 

the DS-CPT to patients with bipolar disorder with psychotic features (n=46), bipolar 

disorder without psychotic features (n=22), schizophrenia (n=41) and major depression 

without psychotic features (n=22)  and comparing the results to a large community 

sample (Liu et al., 2002).  Both bipolar patients and schizophrenia patients exhibited a 

sensitivity decrement, though schizophrenia patients were the most impaired.  For a 

limited sample of patients who were admitted to the hospital and assessed both at intake 

and discharge (n=15 for bipolar disorder, n=41 for schizophrenia), performance indices 

revealed the sensitivity impairment as a state-dependent, mediating factor for patients 

with bipolar disorder but a sustained factor for patients with schizophrenia (Liu, et al., 

2002). This result was supported by findings that patients with psychotic major 
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depression (n=13) and schizophrenia patients (n=15) performed similarly on the DS-CPT 

while patients with major depression without psychosis (n=14) exhibited no sensitivity 

impairment (Nelson, Sax, & Strakowski, 1998).  Extended support for a state-dependent 

discrimination impairment would be obtained by observing DS-CPT performance in 

euthymic bipolar patients and their unaffected biological relatives. 

A recent meta-analysis of cognitive functioning in euthymic bipolar patients and 

their relatives identified only one study that analyzed performance on the CPT (Arts, 

Jabben, Krabbendam, & van Os, 2007).  A deficit on the rapid visual information 

processing (RVIP) CPT was identified in euthymic bipolar patients though it was not 

present in their unaffected relatives or in euthymic unipolar depression patients (Clark, 

Kempton, Scarna, Grasby, & Goodwin, 2005).  This finding would support performance 

impairments as a mediating, state-dependent factor, but the tasks demands are markedly 

different from the DS-CPT.  The RVIP has a significant working memory requirement as 

the target consists of a sequence of 3 prespecified digit strings with presentation rates of 

100-200 per minute (Coull, Frith, Frackowiak, & Grasby, 1996).  Overall, the evidence 

suggests that the mechanisms underlying discrimination impairments in the genetic 

liability for schizophrenia may not be wholly separable from the experience of psychosis 

through behavioral studies; the corresponding neural abnormalities may be completely 

different.  If there is evidence of a possible shared genetic liability in discrimination 

deficits for schizophrenia and bipolar disorder, it would only serve to underscore the 

importance of evaluating the cognitive constructs measured by the DS-CPT and the 

neural mechanisms responsible for the observed anomaly.  
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Cognitive Constructs  

In spite of the multiple findings that genetic liability for schizophrenia is 

associated with impaired sensitivity on the DS-CPT neither the cognitive constructs nor 

the neural mechanisms underlying the deficit are well specified (K. H. Nuechterlein, et 

al., 1998; Sponheim, McGuire, & Stanwyck, 2006).  The data collected from patients and 

unaffected biological relatives indicates an overall impairment in signal to noise 

discrimination rather than a vigilance decrement over time (Fleck, et al., 2001; Green, 

1998; Knott, et al., 1999; K. H. Nuechterlein, 1991; K. H. Nuechterlein, et al., 1998; 

Straube, et al., 2002).  In line with this theory, researchers have found that increasing the 

„processing-load‟ of the task results in increased performance deficits in patients with 

schizophrenia (Mirsky, et al., 1992; Mirsky, et al., 1995).  However, this theory is also 

severely limited in the specificity of its cognitive constructs (generalized deficit) as well 

as explanatory neural mechanisms (Knight, 1993; Knight & Silverstein, 1998, 2001).   

To discover the neural mechanisms that may underlie discrimination deficits, one 

must review the cognitive constructs involved in completing the task. Many of the studies 

investigating the constructs underlying the CPT reported relationships between 

performance and such non-cognitive measures as motor speed; however, rather than 

taxing perceptual processing load, their tasks involved working memory demands (i.e., 

AX-CPT, lexical 3 letter words or nonsense syllables, CPT-IP) (Earle-Boyer, Serper, 

Davidson, & Harvey, 1991; van den Bosch, Rombouts, & van Asma, 1996; Walker & 

Green, 1982).  An evaluation of the cognitive constructs measured by the DS-CPT and 

the 3-7 CPT that included five separate constructs including perceptual organization, 
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selective attention, short-term memory, working memory, and vigilance found no 

significant relationship for any of the factors and performance on the DS-CPT (Straube, 

et al., 2002).  Similarly, by manipulating the amount
 
of stimulus-response mapping, target 

probability, working memory delay, and the degree of available motor planning resources 

independently researchers hoped to model the performance deficits observed on the CPT 

(Elvevag, et al., 2000).  Though schizophrenia patients were impaired on each of the 

manipulations compared to controls, there were no disproportionate deficits observed for 

any factor.  The researchers concluded that the construct was likely an encoding deficit, 

as exemplified by the sensitivity observed in the fast-paced DS-CPT.   

While the constructs underlying DS-CPT performance have yet to be clearly 

outlined, it appears that the discrimination deficit associated with genetic liability to 

schizophrenia may not be vigilance or sustained attention but a failure of the sensory or 

perceptual processes involved in object recognition (Green, 1998; Knott, et al., 1999; K. 

H. Nuechterlein, 1991; Straube, et al., 2002).  As summarized by Knight and Silverstein 

(1998), „the internal representations must be „noisier‟ for those with genetic liability to 

schizophrenia, is this due to a normal integration of „noisier‟ data, an abnormal 

integration of information at the sensory level or later stages, or some interaction of both 

possibilities?‟  To examine how internal representations are formed one must examine 

early visual processes, both in sensation and in the later cortical processes of perception.  

Bottom-Up Processing Deficit 

 

Sensory information processed by the cortex is influenced by various top-down 

processes such as attention, expectation, and the nature of the perceptual task (Gilbert & 
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Sigman, 2007) but neuronal responses in the primary visual cortex have been found to be 

influenced by visual context and experience (W. Li, Piech, & Gilbert, 2004).   For 

example, in a perceptual discrimination object perception paradigm specifically designed 

to minimize the role of working memory and titrated to equalize performance between 

non-psychiatric controls and patients with schizophrenia, object perception deficits were 

still in evidence implicating both a visual processing impairment and an attentional defect 

in the modulation of sensory processing (Tek et al., 2002).  Investigations into visual 

processing deficits of schizophrenia have been labored with the difficulty of dissociating 

processes that may be more tightly enmeshed than earlier researchers could have 

foreseen.   

Decades of research utilizing animal models 

revealed that the visual system is composed of 

two separate but parallel visual processing 

streams (Ungeleider & Mishkin, 1982).  The 

dorsal stream or „transient channel‟ receives the 

majority of its input from magnocellular layers of 

the lateral geniculate nucleus (LGN) and with 

large receptive fields is primarily responsible for 

processing gross shapes, location information, 

and movement („where‟ pathway).  Of note, the 

magnocellular layers of the LGN are responsive 

to stimuli with low contrast levels and rapid 

Figure 1. Magnocellular and Parvocellular 

pathways (Laycock, Crewther, & 

Crewther, 2007) 
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temporal change.  The ventral stream or „sustained channel‟ receives the majority of its 

input from the parvocellular layers of the LGN and is specialized in processing the fine 

details or features of the visual scene („what‟ pathway) (for review, see Merigan & 

Maunsell, 1993).  The degree of functional segregation and nature of the relationship 

between the two pathways has been under a great deal of investigation for many years 

(for review, see Bullier & Nowak, 1995; Laycock, et al., 2007). 

 At present, researchers have theorized a dorsal stream or „magnocellular advantage‟ 

model in which information is quickly conducted to the primary visual cortex (V1) which 

in addition to relaying information to other visual areas as a feedforward stream receives 

feedback from higher-level areas and the frontal cortex to modulate the input (Callaway, 

1998; Hupe et al., 1998; Nowak & Bullier, 1997; Schroeder, Mehta, & Givre, 1998).  See 

figure 1 above for a schematic of magnocellular and parvocellular feedback and 

feedforward pathways (Laycock, et al., 2007).  As DS-CPT stimuli is presented briefly 

(~17-50 ms) at a fast pace (~1 per second) across the entire visual field, the dorsal 

pathway is likely responsible for the initial information processed by the visual cortex.  

However, as the purpose of the task is object identification presumably facilitated by the 

relatively slower ventral stream and processes in the temporal cortex both pathways are 

implicated in successful task completion. 

Lower-level, early stage visual processing deficits have been implicated in the 

neuropathology of schizophrenia through multiple paradigms demonstrating 

abnormalities in the magnocellular/dorsal stream.  As previously stated, the 

magnocellular stream is more sensitive to low luminance contrast, motion, high temporal 
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and low spatial frequencies (coarse, low-resolution) while the parvocellular stream is 

preferentially activated by moderate to high luminance contrast, color, low temporal and 

high spatial frequencies (Schiller, Logothetis, & Charles, 1990).  Experiments into 

possible dysfunctions of either channel often use luminance contrast manipulations, 

variations in stimulus size, or colored stimuli to bias one channel over the other.  In one 

particular manipulation, researchers assess the vernier threshold, or the sensitivity to 

displacement of two dots or gratings relative to each other, while manipulating the 

luminance contrast (magnocellular bias) and color of the objects (parvocellular bias) 

(Keri, Kelemen, Benedek, & Janka, 2004; Keri, Kelemen, Janka, et al., 2005).  As a 

replication of an earlier study with a larger sample of schizophrenia patients (n =72) and 

their unaffected biological siblings (n =86) they observed a differential deficit on contrast 

detection (patient vs. controls d=1.48; siblings vs. controls d=1.15) and motion sensitivity 

(patient vs. controls d=1.46; siblings vs. controls d=0.97) as compared to color 

manipulations.  Though the tasks were not matched for true score variance, so the 

discriminating power was not equal the authors concluded the magnocellular pathway 

was differentially impaired in individuals with a genetic liability for schizophrenia (Keri, 

Kelemen, Janka, et al., 2005). 

Abnormalities in presumed magnocellular pathway functioning in schizophrenia have 

also been observed with the use of high-density electroencephalography.  Visual event-

related potentials (ERPs) recorded from the scalp can provide information about the 

contributing processes and to a less precise degree through dipole modeling techniques, 

the anatomical correlates.  The C1, with a peak latency of approximately 90 ms, is not 
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described as positive or negative as the direction is dependent on where in the visual field 

stimuli is presented; this feature is consistent with a generator in the primary visual cortex 

(V1) (Di Russo, Martinez, Sereno, Pitzalis, & Hillyard, 2002). The P1, a surface-positive 

component that peaks approximately 100 ms after stimulus presentation,  is generated by 

input from both the dorsal pathway (dorsal extrastriate cortex of the middle occipital 

gyrus) and the ventral pathway (ventral extrastriate cortex of the fusiform gyrus) (Di 

Russo, et al., 2002; Heinze et al., 1994; Woldorff, Fox, Matzke, & Lancaster, 1997).  The 

anterior N1, a surface-negative component that peaks approximately 150 ms after 

stimulus presentation, reflects discrimination processes to visually attended stimuli 

(Vogel & Luck, 2000).  Utilizing both a contrast sensitivity task and a spatial frequency 

manipulation with a stable level of contrast, researchers observed a differential reduction 

in P1, N1, and C1 amplitude in patients with schizophrenia specifically to stimuli biased 

towards the magnocellular pathway (low spatial frequency) while ERPs to stimuli biased 

towards the parvocellular pathway (high spatial frequency) were intact (Butler, et al., 

2007).  A previous study by the same group of researchers elucidated one possible 

mechanism involved in the observed ERP reductions (Butler et al., 2005).  Butler et al 

(2005) reported a reduction in the white matter integrity of the optic radiations (from the 

lateral geniculate nucleus to the primary visual cortex) of schizophrenia patients who 

exhibited impaired contrast sensitivity [r=0.59, p=.02].  They also observed a correlation 

between white matter integrity and poor behavioral performance on complex visual 

processing tasks (digit symbol, 4 digit CPT-IP).  
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As  many of the studies of magnocellular dysfunction in schizophrenia involve 

contrast sensitivity manipulations or backward masking, findings of a low-level dorsal 

stream impairment may be limited to a feature that is specific to those paradigms (Delord, 

et al., 2006).  To test the generalizability of dorsal stream deficits in schizophrenia, 

Delord et al. (2006) utilized a luminance-contrast paradigm that manipulated the degree 

of relative contrast and presentation style (pulsed or steady) to model the magnocellular 

or parvocellular contrast gain function (Alexander, Pokorny, Smith, Fishman, & Barnes, 

2001).  Of significance to DS-CPT performance, as the „target‟ was a brief change in 

luminance (17 ms) and all task-relevant information was simultaneously available so 

there was a minimal requirement of working memory (see figure 2 below for examples of 

the five task conditions).  Delord et al. (2006) reported that while schizophrenia patients 

exhibited similarly shaped response functions to control participants, their thresholds 

were significantly higher without task-type interaction.  Their findings indicate that the 

reported magnocellular deficit in schizophrenia may not replicate across paradigms and 

that visual system dysfunctions may involve „higher-level processing‟ or the interaction 

of the two channels with cortical processing (Delord, et al., 2006). 

 
 

 Figure 2. Examples of the five experimental conditions used in the experiment: the two pulsed paradigms 

are shown on the left, with the pedestals brighter or darker than the background and the randomly placed 

target is upper left or lower right, respectively; the zero-pedestal paradigm is shown in the center (target on 

the upper right), and the two steady-pedestal paradigms are on the right, with the three pedestals brighter or 

darker than the background. (Delord et al., 2006) 
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A finding of overall heightened response thresholds without a differential deficit 

to the magnocellular pathway does not necessarily contradict previously reported 

evidence.  An overall reduction in sensitivity would be consistent with an impairment in 

attention (Skottun & Skoyles, 2007), which may in part be due to a magnocellular 

mediated impairment in rapidly grabbing attention (Laycock, et al., 2007).  Through its 

more rapid (Klistorner, Crewther, & Crewther, 1997) feedforward connections (Bullier, 

2001; C. M. Chen et al., 2007; Schroeder, et al., 1998), the magnocellular pathway has 

been implicated as an „attentional spotlight,‟ a mechanism for filtering the visual scene 

for relevant targets to be further processed, thus „effectively performing a gating function 

on all visual inputs‟ (Vidyasagar, 1999).  By manipulating stimulus parameters 

(luminance, contrast, color) to bias either the magnocellular or parvocellular stream 

researchers discovered that activation of the dorsal pathway, regardless of relative delay, 

„captures‟ the visual attention response over cues from the ventral stream (Steinman, 

Steinman, & Lehmkuhle, 1997).  In addition, a recent current-source density analysis in 

awake macaque monkeys found that area V4 (ventral) and the inferotemporal cortex (IT)  

received lateral inputs from the dorsal stream (>95% magnocellular) which may 

modulate visual processes (C. M. Chen, et al., 2007).  This model of selection and 

modulation by the dorsal stream predicts that magnocellular deficits could result in 

„downstream‟ impairments over a wide range of cognitive abilities (Vidyasagar, 1998, 

1999).  Theorizing magnocellular dysfunction as a mechanism for explaining attentional 

deficits in schizophrenia must be stated cautiously as these paradigms are not designed to 

specifically test magnocellular mediated attention and abnormalities in other aspects of 
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visual processing, including integration in the occipital and temporal lobes and 

modulation of signal by various feedback mechanisms may be involved.   

 In an examination of the different stages of object identification in schizophrenia,  

Doniger et al (2002) utilized a perceptual closure paradigm, which involves the 

presentation of eight sequentially less fragmented images with participants indicating 

before each partial image if they can identify the object (see figure 3).  Patients with 

schizophrenia, while comparably accurate, required significantly more visual information 

to make an identification.  The posterior P1 component was decreased by more than 65% 

in schizophrenia patients relative to controls overall and similar at both dorsal and ventral 

sites though controls exhibited greater amplitude at the dorsal site (Doniger, et al., 2002).  

A MANCOVA of group by electrode site indicated that the group difference was driven 

by the dorsal site amplitude reduction in schizophrenia patients.  In contrast, the posterior 

N1 was reported to be similar in amplitude for both schizophrenia patients and controls.  

The researchers also analyzed the closure negativity waveform (Ncl), a broad bilateral 

component with an onset around 230 ms which peaks at 290 ms, it is a purported index of 

„perceptual closure processes over ventral stream object recognition
 
areas‟ or the lateral 

occipital complex (Doniger et al., 2000).  Schizophrenia patients displayed a bilateral 

closure negativity waveform that was significantly reduced even when the degree of 

fragmentation identification was controlled (Doniger, et al., 2002).  As there was no 

difference between groups in posterior N1 amplitude, the authors suggested that reduced 

closure negativity or object perception within the LOC was either dysfunctional or a 

downstream effect of a primary deficit in the magnocellular dorsal stream as reflected by 
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amplitude reductions in P1.  Subsequent investigations have reported a similar deficit 

(P1) in the healthy biological relatives of patients with schizophrenia, an indication that 

this abnormality may be sensitive to genetic liability to schizophrenia (Yeap et al., 2006).  

However, as no correlations were reported between early component amplitudes and later 

processes it is difficult to discern the contribution of the P1 deficit to deficient object 

recognition.  

 

Early and late ERPs abnormalities have also been observed with the DS-CPT 

paradigm (K. H. Nuechterlein & Asarnow, 1996) in schizophrenia patients and their 

biological first-degree relatives (Sponheim, et al., 2006).  While only the patient group 

demonstrated behavioral deficiencies in target detection, both patients and relatives failed 

to augment P1 in posterior sites (O1, P7, P8, O2) in relation to target and non-targets as 

compared to non-psychiatric control participants, demonstrating similar early processing 

for all stimuli.  Contradicting the findings by Doniger et al (2002), relatives exhibited 

enhanced posterior P1 to both targets and non-targets but as they exhibited no behavioral 

deficits this may indicate a compensatory neural mechanism. In contrast, all groups 

Figure 3. Stimulus configuration.  

A, Images displayed from least complete 

to most complete (4 of 8 levels shown).  

B, Onset of the most fragmented image 

(level 8) at 0 milliseconds (duration, 750 

milliseconds), followed by a yes/no 

response prompt (R) (duration, 200 

milliseconds) at 1550 milliseconds. A no 

response resulted in presentation of the 

next-level image 2.2 seconds after the 

response prompt. A yes response 

terminated the sequence for the subject's 

verbal response. (Doniger, Foxe, Murray, 

Higgins, & Javitt, 2002) 
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exhibited early anterior potentials (N1) that were greater for task stimuli than control 

stimuli and differentiated targets from non-targets, which supports previous findings of 

the anterior N1 as an index of preparatory processes rather than visual discrimination 

processes reflected by the posterior N1 (Vogel & Luck, 2000).  Like the P1, relatives and 

patients exhibited larger anterior N1 responses to target stimuli over right frontal brain 

areas (F8) as compared to controls.  Of significance to object recognition, reduced P3a 

recorded from frontal sites (F7, Fp1, and Fp2) was correlated with a greater false alarm 

rate in patients and relatives, supporting a role for the frontal cortex in the discrimination 

deficit in genetic liability for schizophrenia.  Relatives and patients also exhibited a 

reduced posterior P3b to target stimuli.  Though the time frame for the P3b (360-700 ms) 

was later and broader than the previously reported closure negativity waveform (290 ms 

with a 40 ms window) they may reflect similar processes or different stages of target 

object perception.  At the time of this writing, the only other study of ERPs in 

schizophrenia with the DS-CPT paradigm limited their analyses to the P300 (Knott, et al., 

1999).  They found similar results with reduced overall P3 and no differentiation in 

amplitude between targets and non-target stimuli.  Overall, ERP findings indicate 

anomalous early and late processing of visual DS-CPT stimuli, though it is unclear how 

independent early abnormalities (P1 and N1) are from later processes (P3a and P3b); 

faulty early processes may contribute to abnormal integration of information to result in 

deficient visual object perception.  

Perceptual Organization  
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While evidence of a magnocellular or dorsal stream impairment may be 

associated with genetic liability for schizophrenia, ERP data from object identification 

paradigms and visual neuroscience investigations suggest that form coherence integration 

areas may also play a role in target identification on the DS-CPT.  Early fMRI 

investigations identified the lateral occipital complex (LOC), located in the lateral 

fusiform gyrus, as exhibiting greater activation to coherent objects, regardless of their 

salience, familiarity, or category than matched textural patterns  (Malach et al., 1995).  

Subsequent investigations supported the LOC as an integration area that responds to 

objects with clear shape interpretations, but also to fragments of objects (for review, see 

Grill-Spector, Kourtzi, & Kanwisher, 2001).  More recent studies have found that 

activation of the LOC correlates with subjective and objective reports of degree of 

recognition (Bar, et al., 2001), regardless of previous exposure and effort (Grill-Spector, 

et al., 2000).   

Of significance to DS-CPT performance, evidence suggests that the LOC is 

involved in the integration of individual elements as a coherent whole, while V1 shows 

no differential activation to either stimulus.  Participants viewed an array of 1024 line 

segments which were either oriented in concentric circles or randomly.  While V1 

showed no differential activation to coherent forms, extra-striate bilateral 

fusiform/lingual gyri, middle occipital gyrus, and the intraparietal sulcus exhibited 

greater activation to the coherent circles than the randomly arrayed lines (Braddick, 

O'Brien, Wattam-Bell, Atkinson, & Turner, 2000).  Other investigators have also found 

support for increasing LOC activation with perceptual grouping processes while 
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observing concurrent decreases in activation of the primary visual cortex (V1) (Murray, 

Kersten, Olshausen, Schrater, & Woods, 2002; Murray, Schrater, & Kersten, 2004).  

Investigations into these processes in psychology often use the construct of perceptual 

organization, defined as „the ability of perceptual systems to organize sensory 

information into coherent representations that can serve as the basis of our phenomenal 

experience of the world‟ (Palmer & Nelson, 2000).  

 The existence of perceptual organization deficits in schizophrenia have been 

explored for three decades (Cox & Leventhal, 1978).  In contrast to the generalized 

deficit, (Chapman & Chapman, 1978) Place and Gilmore (1980) reported that 

schizophrenia patients demonstrated enhanced performance in counting lines when they 

were randomly presented as opposed to an arrangement that allowed for quick grouping 

(Place & Gilmore, 1980).  Later studies confirmed and extended their findings that 

patients with schizophrenia may surpass non-psychiatric controls when task performance 

is hindered by intact perceptual organization (for review, see Uhlhaas & Silverstein, 

2005).  In a recent review of perceptual organization research in schizophrenia spectrum 

disorders, Uhlhaas and Silverstein (2005) concluded that the observed impairment is part 

of a larger deficit in the „integration of contextually related information across space and 

time‟.  

For example, a recent study found that schizophrenia patients were better at 

discriminating between varying levels of contrast patches that were superimposed on a 

larger, different contrast circle (immunity to the „contrast-contrast‟ illusion, see figure 4 

below) than both a psychiatric control group (including patients diagnosed with 
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personality disorders, bipolar disorder, and severe affective disorder) and a non-

psychiatric control group (Dakin, et al., 2005).  This task is proposed to involve a 

„contextual interaction‟ of center-surround inhibition in the visual cortex (Chubb, 

Sperling, & Solomon, 1989).  Though schizophrenia patients required a greater difference 

in contrast to accurately discriminate between the two patches, their greater accuracy in 

the illusion condition was postulated to be due to inadequate suppression of contextual 

information in early visual processing areas (Dakin, et al., 2005).  A separate group of 

researchers with a comparable paradigm (contrast threshold detection with collinear 

flankers) observed a lack of contextual facilitation specific to schizophrenia patients as 

compared to bipolar patients and non-psychiatric controls (Keri, Kelemen, Benedek, & 

Janka, 2005).  Perhaps perceptual deficits in schizophrenia, as observed on the DS-CPT, 

are associated with dysfunctional lateral interactions in the visual cortex (Das & Gilbert, 

1999) resulting in faulty overall perceptual organization (Hupe, et al., 1998). 
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Though several paradigms of perceptual organization have been investigated in 

schizophrenia, the contour integration task is of particular relevance to DS-CPT target 

perception (zeros).  The contour integration task requires contextual processing of the 

spatially adjacent elements through lateral interactions in the early visual areas (V1/V2) 

to construct the whole (for review, see Kovacs, 1996), though later research has also 

identified the LOC as crucial for this process (Hayworth & Biederman, 2006).  The 

contours are composed of Gabor elements, which due to their sinusoid luminance 

distributions and small size, activate only a small part of the visual field (Kovacs, Polat, 

Pennefather, Chandna, & Norcia, 2000).  Sensitivity to contour detection is manipulated 

by either increasing the distance between the contour elements, or increasing the density 

of elements that compose both the contour and the „noise‟.  As perceptual organization 

theories predict, schizophrenia inpatients performed significantly worse than a psychiatric 

control group and a non-psychiatric control group in detecting the closed shape contour 

(Silverstein, et al., 2000).  Task performance was not correlated with hospitalization 

length but was positively correlated with disorganization factors on the PANSS (Kay, 

Opler, & Fiszbein, 1986).  A later study clarified the relationship between disorganization 

symptoms and impairment on the contour integration task (Uhlhaas, Phillips, & 

Silverstein, 2005).  Acute, schizophrenia inpatients who scored a three or higher on the 

disorganization factor of the PANSS demonstrated both a differential impairment on the 

task upon hospital admission and differential improvement upon a reduction in symptoms 

as compared to non-disorganized schizophrenia patients, other psychotic disordered 

patients, and psychiatric control patients.  These findings suggest that contour integration 
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impairments are a state-dependent mediating factor, rather than a stable indicator of 

schizophrenia.  To control for symptom-related motivational factors, a forced choice 

version (indicate whether the „egg‟ is pointing left or right) was created which correctly 

predicted group membership for the majority of participants (83.333% of schizophrenia 

inpatients and 64% of controls) (Kozma-Wiebe et al., 2006).  While the task is postulated 

to involve „context-mediated interaction of feature detectors in the visual cortex‟ 

(Kozma-Wiebe, et al., 2006) a recent investigation in which schizophrenia and 

schizoaffective inpatients completed the task twice a day for four consecutive days 

demonstrated improved performance related to task exposure, implicating a role for top-

down factors (Silverstein et al., 2006).  

Perceptual organization, as measured by the contour integration task, may be 

impaired in more severe, disorganized forms of schizophrenia.  The role of lateral 

interactions in early visual processing areas and the observed deficit on the DS-CPT has 

yet to be explored, though two neuropsychological studies that utilized other perceptual 

organization paradigms found little support.  As discussed by Knight and Silverstein 

(1998), (Wallace and Silverstein, 1996-unpublished raw data) no relationship was found 

between performance indices on the DS-CPT and a perceptual organization task that 

involved grouping elements to perform a serial search for a target.  A separate group of 

researchers also found no relationship between performance on the DS-CPT and other 

cognitive measures of selective attention, working memory, or perceptual organization 

(Straube, et al., 2002).  However, as versions of the CPT differ in the psychological 
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constructs they measure and their sensitivity to genetic liability to schizophrenia, so may 

different measures of perceptual organization.   

While it is unclear how state-dependent deficits in perceptual organization, as 

influenced by lateral interactions in visual processing areas, may influence performance 

on the DS-CPT the evidence suggests that disorganization symptoms contribute to the 

observed deficit.  Abnormalities in the perception of coherent forms may be due to 

defects in early visual pathways, contextual lateral processing, or the utilization of 

feedback;  regardless, patients with schizophrenia demonstrate a more consistent 

impairment on perceptual organization tasks that require top-down feedback to create a 

coherent whole than on tasks with highly configural stimuli (Uhlhaas & Mishara, 2007).    

Top-Down Mechanisms 

As previously mentioned, visual processing research in neuroscience and cognitive 

psychology is currently undergoing a reshaping with multiple models suggesting a role 

for the frontal cortex or „feedback‟ mechanisms in the modulation of early low-level and 

integrative processes of recognition (Bar, et al., 2006a; Gilbert & Sigman, 2007; Johnson 

& Olshausen, 2003; Laycock, et al., 2007; Yuille & Kersten, 2006).  While rapid 

feedforward information from the magnocellular pathway may be impaired and 

integration of contextual information within the visual cortex may be incomplete, faulty 

modulation of processing provided by feedback from the frontal or temporal cortices 

could also result in the observed DS-CPT deficits.   

In the traditional model of object recognition, feature detectors in early visual 

processing areas (V1, V2, V4) send information along the ventral stream to areas in the 



 

 75 

posterior (TEO) and anterior inferior temporal cortex (TE) which create an internal 

representation of the image from the input (Tanaka, 1993).   Based on this theory and a 

recent investigation into the processes underlying identification of degraded letters, 

completing the DS-CPT may involve creating or activating an internal mental 

representation and „simple template matching‟ (Pelli, et al., 2006) to targets.  However, as 

those with genetic liability for schizophrenia are impaired on the DS-CPT, their ability to 

template match or their mental representations must be „noisier‟ than non-psychiatric 

controls (Knight & Silverstein, 1998).  As summarized in a recent review, evidence now 

indicates that frontal „top-down‟ mechanisms can influence early level processing by 

modulating neuronal responses to „features, surfaces, objects, object categories, temporal 

context, and virtually any other perceptual group‟ (Gilbert & Sigman, 2007).  In other 

words, anomalous modulation by top-down mechanisms may result in errors at lower-

levels (Ullman, 1995). 

A recently proposed model of top-down facilitation of visual object recognition 

suggests that low spatial frequency (LSF) information from the magnocellular pathway 

travels along the dorsal stream to the orbitofrontal cortex (OFC) which makes an initial 

„guess‟ that is sent back to the temporal cortex where it is integrated with high spatial 

frequency (HSF) information from the ventral stream (Bar, 2003).  To investigate OFC 

facilitation in object recognition they used fMRI and magnetoencephalography (MEG) 

during an object recognition task (presented for 26 ms) and observed an increase in OFC 

activity specifically to LSF filtered images 50 ms before increases in the fusiform gyrus 

of the temporal cortex (Bar, et al., 2006a).  Conversely, there was no evidence of OFC 
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activation with images filtered to include only HSF information (see figure 5).  In 

successful recognition trials (participants rated their degree of recognition on a scale of 1-

4) the left OFC (Talairach coordinates -36, 23, -14) activity peaked at ~130 ms after 

presentation, 50 ms before the right fusiform gyrus (at ~180 ms) and 85 ms before the left 

fusiform gyrus (~215 ms) indicating that the OFC was active before brain areas 

considered to be responsible for object recognition.  In addition, a phase-synchrony 

analysis indicated strong synchrony between occipital visual areas and the OFC 

beginning ~80 ms after the stimulus onset with later synchrony (~130 ms) between the 

OFC and the fusiform gyrus (Bar, et al., 2006a).  Similar findings of „predicted 

perception‟ by the medial frontal cortex were reported when participants had to make a 

categorization discriminination (faces, houses, and cars) of degraded images 

(Summerfield, et al., 2006). 

 

 

 

Figure 5. Comparison of the cortical signal 

elicited by LSF and HSF during recognition. ROI 

analysis of the left medial OFC for both MEG 

and fMRI. (A) MEG data. Normalized currents 

illustrate the main effects of spatial frequency 

content on OFC activity during the first 200-ms 

interval from stimulus onset. Note that OFC 

activity peaked here ≈115 ms and started to 

develop even earlier, whereas, in experiment 1, it 

peaked ≈130 ms from stimulus onset. Here, this 

peak signifies the arrival of information to the 

OFC, which presumably initiates the top-down 

facilitation, whereas the 130-ms peak in the 

previous study distinguishes recognized from 

not-recognized trials. Therefore, it might be 

possible that this onset difference indicates the 

time interval that it takes to generate successful 

predictions about the input, after the LSF 

information has reached the OFC. A peak of 

activity in the occipital cortex was seen at 100 

ms, which did not differ between LSF and HSF 

responses. In fact, differential activity in the 

occipital cortex did not appear until 160 ms after 

stimulus onset. (B) fMRI data. Comparison of 

percent signal change within the OFC ROI 

elicited by intact, LSF, and HSF images. (Bar et 

al., 2006a) 
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Models of „analysis by synthesis‟ have also predicted the use of top-down 

generative components with bottom-up processing for ambiguous visual images (Yuille 

& Kersten, 2006).  These models also predict less involvement for high-level feedback 

when „the bottom-up cues are sufficiently unambiguous‟ (Kersten, Mamassian, & Yuille, 

2004; Yuille & Kersten, 2006) or stimuli are not „highly configural‟ (Uhlhaas & 

Silverstein, 2005).  This may provide an explanation for the mixed results of sensitivity 

impairments with versions of the CPT that do not have high processing loads.  In 

addition, a model of OFC-facilitated top-down recognition predicts that if the feedback 

pathway was eliminated recognition would be slower rather than impossible (Bar, et al., 

2006a) as has been observed in the overall reduced DS-CPT sensitivity for those with 

genetic liability for schizophrenia (K. H. Nuechterlein, et al., 1998).   

As a cortical mediator for top-down facilitation, the OFC is unique in its 

functional characteristics as it has been observed to be involved in visual sensory 

discrimination and decision-making (Barbas, 2000).  In addition, the OFC has strong 

connectivity to the inferior temporal cortex and both dorsal (Meunier, Bachevalier, & 

Mishkin, 1997) and ventral pathways from the thalamus (for review, see Cavada, 

Company, Tejedor, Cruz-Rizzolo, & Reinoso-Suarez, 2000).  For example, in single cell 

recordings of rhesus monkeys performing a go/no go visual discrimination task, certain 

neurons in the OFC responded specifically to sensory features of the stimulus while 

others responded to the behavioral, conditional nature of the stimulus (Thorpe, Rolls, & 

Maddison, 1983).  While investigations of neural connectivity of the OFC is limited to 

rhesus monkeys, recent MRI evidence of volume reductions specific to the bilateral 
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middle orbital gyri (MiOG) of the OFC in schizophrenia patients provide greater support 

for its role in modulating top-down feedback.  

In a large sample of male chronic schizophrenia outpatients (n=24) and age, sex, 

parental socio-economic status (SES), and handedness matched healthy control 

participants (n=25) researchers collected MR images with a 1.5 T scanner and then 

manually traced regions of interest by delineating three orbitofrontal subregions by sulci 

(Nakamura, et al., 2008).  For left and right hemisphere, middle orbital gyri exhibited 

both absolute and relative volume measurement reductions in schizophrenia patients as 

compared to healthy controls (see figure 6).  In the patient group, subregion volumes 

were not significantly correlated with current age, age of onset, SES, IQ, or 

chlorpromazine (CPZ) equivalent antipsychotic dosage though right MiOG volume was 

negatively correlated with duration of illness and left MiOG volume was negatively 

correlated with severity of positive formal thought disorder as measured by the SAPS 

(Andreasen, 1983b).  The four SAPS items that were significantly correlated were 

circumstantiality, tangentiality, distractive speech, and incoherence. In the control group, 

right MiOG volume was positively correlated with higher IQ, verbal comprehension 

index, and perceptual organization index as measured by the WAIS (Wechsler, 1997). 

The authors concluded that while the group differences in MiOG were robust, reductions 

in grey matter were not diagnostically sufficient (Nakamura, et al., 2008).  However, 

recent evidence suggests that abnormal brain volumes of the OFC may be concurrently 

mediated with a genetic vulnerability to schizophrenia.  
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While volume reductions of the right MiOG were associated with illness duration in 

schizophrenia patients, a separate group of researchers found evidence of OFC brain 

abnormalities in unaffected family members (Y. Fan et al., 2008).  Fan et al (2008) 

conducted a automated whole brain morphometric analysis by utilizing a high-

dimensional pattern classifier constructed from a group of 69 schizophrenia patients and 

79 healthy control subjects to examine the structural patterns of 30 unaffected biological 

relatives (8 parents, 14 siblings, and 8 uncles, aunts, or cousins).  Previously, researchers 

had identified gray matter reductions of schizophrenia patients to the OFC, 

frontotemporal, parietotemporal, and occipital areas (Davatzikos et al., 2005).  In the 

current analysis, the most significant similarity between relatives and patients was an 

increase in white matter in the OFC though the cause of the abnormality (compensatory, 

developmental, or genetically determined) is unknown.  Still, as the specificity of OFC 

grey matter reductions to schizophrenia (as compared to obsessive-compulsive disorder) 

(Riffkin et al., 2005) has been confirmed, the implication remains that OFC abnormalities 

are not merely an epiphenomenon.  

Figure 6. MR Images of three orbitofrontal 

subregions.  

 

(A) 3D reconstruction of the three orbitofrontal 

subregion ROI superimposed on axial SPGR image: 

Gyrus Rectus (GR; left: blue, right: green); Middle 

Orbital Gyri (MiOG; left: brown, right: red); and 

Lateral Orbital Gyrus (LOG; left: purple, right: light 

green).  

 

(B) Orbitofrontal ROIs in axial and coronal planes 

of SPGR images. Color coding as in (A). 

(Nakamura et al., 2008) 
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The functional role of the OFC in modulating performance on the DS-CPT has not 

yet been explored but early investigations into brain metabolism (using PET) suggests 

broad abnormalities in schizophrenia patients.  While performing the DS-CPT 

investigators reported that healthy controls had increased blood flow to the right frontal 

and temporoparietal regions with no change in occipital areas while schizophrenia 

patients had reduced metabolic rates in frontal and temporoparietal areas (Buchsbaum et 

al., 1990).  A subsequent investigation with a large (n=70) group of unmedicated male 

schizophrenia patients (Siegel et al., 1993) confirmed reduced glucose metabolism for 

patients in medial frontal and medial temporal cortices and revealed reductions in the 

cingulate gyrus, corpus callosum and ventral caudate with increases in the left lateral 

temporal and occipital cortices.  However, inadequate modulation by the frontal and 

medial temporal cortices could result in the observed increases in lateral temporal and 

occipital areas.  

Unfortunately, the only published fMRI investigation of the neural mechanisms 

underlying decreased sensitivity in schizophrenia patients on the DS-CPT utilized an a 

priori mask in their analyses that specifically excluded the OFC (Honey, et al., 2005).  

Honey et al (2005) identified only two areas as significantly different in a task by group 

interaction, the anterior cingulate and a particle in the cerebellum.  As schizophrenia 

patients had reduced sensitivity with lower target identification (β was not reported), 

differential activation of the anterior cingulate was likely related to attempts at cognitive 

control rather than encoding and processing of DS-CPT stimuli (MacDonald, et al., 

2000).  Furthermore, their control condition of completely non-degraded stimuli does not 
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allow for an investigation of varying perceptual load and the functioning of visual 

integration areas.  Without a manipulation of the degree of information presented to 

encode it is not possible to separate the subtle, rapid processes involved in rapid object 

identification.  

 Visual neuroscience suggests that the brain engages top-down modulation of 

visual processing when stimuli are ambiguous.  Proposed models identify the OFC as 

receiving information from the dorsal stream to „predict‟ object identification in the case 

of difficult recognition.  Though no neuroimaging studies have specifically identified the 

OFC as functionally abnormal during DS-CPT performance, structural findings indicate 

that the OFC may be abnormal in the genetic susceptibility for schizophrenia. 

Proposed Model 

The DS-CPT has been identified as a potential endophenotype for schizophrenia; 

however, the cognitive constructs and neural mechanisms that underlie performance have 

yet to be elucidated.  By reviewing the evidence of visual processing deficits in bottom-

up, integrative, and top-down mechanisms that have been identified in the genetic 

liability of schizophrenia the disparate findings for various versions of the CPT (or any 

given paradigm without well defined cognitive constructs) seem inevitable. A recent 

fMRI investigation without any task demands (just fixation) found that first-episode, 

neuroleptic naïve schizophrenia patients demonstrated a reduced BOLD response 

(relative to controls) in the right thalamus, right prefrontal cortex, and the bilateral 

parietal lobe (restricted to the dorsal pathway) (Braus, Weber-Fahr, Tost, Ruf, & Henn, 

2002).  DS-CPT performance may involve all of these areas or more.  
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Our proposed model of the neural mechanisms underlying deficient DS-CPT 

discrimination in the genetic liability for schizophrenia is based on a review of the 

literature for each of the possible constructs involved.  While the DS-CPT is a relatively 

complex task that involves multiple brain regions and connectivity across areas, each 

aspect of functioning may be disturbed or various regions may be functionally impaired 

in different schizophrenia subgroups.  Dorsal stream impairments, as implicated by 

contrast sensitivity paradigms and measured by anomalous P1 amplitudes in object 

recognition, may provide faulty information to integration areas directly and via lateral 

connections with the ventral stream.  Abnormalities of the LOC and early visual areas, as 

implicated by contour detection paradigms and contextual processing, may be a state-

dependent, mediating factor in the liability for schizophrenia. As these paradigms involve 

multiple processes, including the dorsal stream, it is difficult to predict how performance 

on the DS-CPT would be differentially affected.  If schizophrenia patients with varying 

degrees of positive formal thought disorder demonstrate consistent deficit DS-CPT 

performance regardless of symptom exacerbation, it may indicate a dorsal stream 

impairment rather than insufficient perceptual organization.  Additionally, a model of 

OFC facilitated top-down recognition predicts that when information from the dorsal 

stream is insufficient or incomplete there will be limited activation of the OFC with 

reduced feedback to the object recognition areas of the temporal cortex.  If the OFC 

functioning is impaired, the insufficient feedback or „faulty guesses‟ to integration areas 

of the visual cortex and object recognition areas of the temporal cortex would also be 
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affected.  However, impaired OFC feedback mechanisms could in turn be responsible for 

poor object recognition in patients with an intact magnocellular pathway. 

Overall, the model suggests multiple processes that could be responsible for the 

observed performance deficits in DS-CPT performance.  Fortunately, modern fMRI 

technology allows us to investigate these possible mechanisms with high spatial, if not 

temporal, resolution.  By manipulating the degree of perceptual load and evaluating 

behavioral performance we may be able to identify the brain areas responsible for 

discrimination deficits on the DS-CPT in schizophrenia.  Future investigations may target 

each of the revealed areas for more specific tests of functional impairment.  
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Appendix B: Melodic ICA Analyses  

 As only one published paper has assessed DS-CPT performance in schizophrenia 

patients (Honey, et al., 2005) it is possible that our hypotheses may not completely 

account for temporal patterns of brain activation involved in task completion. FSL‟s 

Multivariate Exploratory Linear Optimized Decomposition into Independent Components 

(MELODIC) Tensor Independent Component Analysis (ICA) was used to explore 

possible patterns and any group differences in endogenous spatiotemporal brain 

activation (Beckmann & Smith, 2005). Both a multi-session Tensor-ICA with manual 

concatenation of the three scans and a TICA for each individual scan was completed.  All 

components that explained greater than five percent of the variance were examined with 

the aim of finding regions that might be involved in the DS-CPT that would not be 

detected in the GLM model-based contrasts however, all of the components aligned with 

the ROIs previously detected.  

The Tensor-ICA with data that was manually concatenated utilized the power a 

pseudo-randomized fixed paradigm to analyze all three presentations of the three 

conditions (degraded, outlined, and noise). Eleven independent components were 

identified representing between .34 to 20.32% of the explained variance.  Tensor ICA 

assumes that a consistent underlying network is represented by the activation observed, 

however, in this dataset this approach only served to magnify the between scan variance 

caused by the intensity normalization (See figure below). In addition, none of these 

components showed a significant group interaction. 



 

 85 

 

 

To fully investigate task-related activation patterns without the confounding 

factor of intensity normalization a Tensor-ICA was completed for each scan separately. 

The components that emerged support the GLM regions of interest that were identified, 

though again there were no interactions with group and the components were not the 

same across scans. The component accounting for the greatest percentage of explained 

variance (thirteen to ten percent across the three scans) clearly represents the ROIs 

involved in performance execution (see figures below). All components accounting for 

five percent or greater of the explained variance were visually inspected though none 

exhibited an interaction with group. 
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While Tensor-ICA is the most powerful ICA approach for detecting task-related 

activation patterns, none of those identified represented areas that were not identified by 

the GLM contrasts or differed between groups.  Presumably, the GLM was able to detect 

regions of interest despite variance across scans due to the explanatory variables that 

were modeled while MELODIC was more sensitive to artifacts that were more coherent 

than networks involved in the task.  The variability observed in the ICA suggests that 

there is not a particularly strong relationship between multiple areas of the brain while 

doing the task.  These findings serve only to strengthen the GLM results rather than 

supplementing or invalidating them.   
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Appendix C: Correlations between ROI activation and current symptoms in 

Schizophrenia Patients. 

 Identifying the existence of brain areas with anomalous BOLD response may 

guide future investigations into the cognitive deficits associated with the pathology of 

schizophrenia. The diversity of results in the literature suggests that exactly how 

behavioral performance on the DS-CPT is affected by current symptomology has not 

been answered. To further understanding of how the regions of interest identified by the 

group by condition interactions may be related to clinical state activation within the ROIs 

was correlated with current signs and symptoms (state) as measured by the total score on 

the BPRS, SANS, and SAPS (See table below).  

 The two regions responsive to the presence of task stimuli that also exhibited 

anomalous activation in patients both had significant correlations with symptoms 

reported in the BPRS and SAPS. While d-prime was positively correlated with ACC 

activation, activation during the noise condition was also correlated BPRS and SAPS 

scores. This relationship supports the theory that patients with a greater degree of 

symptoms might be recruiting greater cognitive control to perform similarly to control 

participants.  The numerous positive correlations between symptoms and activation in the 

left inferior superior temporal cortex (BA's 38 & 22) may illustrate the similarities 

between performing this task and experiencing auditory verbal hallucinations.  This area 

was identified by a meta-analysis as one of several fronto-temporal areas that are active 

during speech perception and generation as well as during active auditory verbal 

hallucinations (Jardri, Pouchet, Pins, & Thomas, 2010). As activation in the left inferior 

superior temporal cortex was negatively correlated with performance only in the trials 
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with very dissimilar degraded numerals in patients and outlined and degraded targets in 

controls activation may not have impeded performance but was unlikely to assist 

discrimination.  However, as the range of symptoms present in this sample of stable 

outpatients is somewhat limited these supplemental analyses may not be as informative as 

a sample that better represents the population of patients with schizophrenia. 

Response 

Pattern 

ROI BPRS Total Score  SAPS Total Score  SANS 

Total 

Score  

Presence of 

task stimuli 

Anterior 

Cingulate 

Cortex 

(ACC) 

r= .57, p<.05  

Noise 

r= -.55, p=.05 

Degraded Similar 

r= .61, p<.05  Noise 

 

None 

Significant 

Inferior 

Superior 

Temporal 

 r= .71, p<.01  

Noise 

r= .62, p<.05  

Degraded 

r= .69, p<.05  Outlined 

r= .59, p<.05  Noise 

r= .68, p<.05  Outlined 

Dissimilar 

r= .60, p<.05  Outlined 

Targets 

None 

Significant 

Task 

Difficulty 

Right 

DLPFC 

None Significant r= -.60, p<.05  

Outlined Very 

Dissimilar 

None 

Significant 

Object 

Recognition 

LOC r = .71, p<.01 

Degraded 

Dissimilar 

r = .61, p<.05 

Degraded Dissimilar 

None 

Significant 

Middle 

Temporal 

Gyrus (BA 

21) 

r= -.61, p<.05 

Degraded Similar 

 

r= -.65, p<.05 

Degraded Similar 

 

None 

Significant 

Default 

Network 

OFC None Significant None Significant None 

Significant 

Medial 

Frontal  

None Significant r= .66, p<.05  Outlined 

r= .76, p<.01  Noise 

None 

Significant 

 

 

 


