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Abstract Contour integration (CI) refers to the process
that represents spatially separated elements as a unified
edge or closed shape. Schizophrenia is a psychiatric dis-
order characterized by symptoms such as hallucinations,
delusions, disorganized thinking, inappropriate affect, and
social withdrawal. Persons with schizophrenia are impaired
at CI, but the specific mechanisms underlying the deficit
are still not clear. Here, we explored the hypothesis that
poor patient performance owes to reduced feedback or
impaired longer-range lateral connectivity within early
visual cortex—functionally similar to that found in 5- to
6-year old children. This hypothesis predicts that as target
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element spacing increases from .7 to 1.4° of visual angle,
patient impairments will become more pronounced. As a
test of the prediction, 25 healthy controls and 36 clinically
stable, asymptomatic persons with schizophrenia com-
pleted a CI task that involved determining whether a subset
of Gabor elements formed a leftward or rightward pointing
shape. Adjacent shape elements were spaced at either .7 or
1.4° of visual angle. Difficulty in each spacing condition
depended on the number of noise elements present. Patients
performed worse than controls overall, both groups per-
formed worse with the larger spacing, and the magnitude of
the between-group difference was not amplified at the
larger spacing. These results show that CI deficits in
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schizophrenia cannot be explained in terms of a reduced
spatial range of integration, at least not when the shape
elements are spaced within 1.5°. Later-developing, low-
level integrative mechanisms of lateral connectivity and
feedback appear not to be differentially impaired in the
illness.

Keywords Schizophrenia - Contour integration -
Visual integration - Spatial range - Perceptual
organization - Grouping

Introduction

Schizophrenia is a devastating psychiatric disorder that is
characterized by hallucinations, delusions, disorganized
thinking, flat or inappropriate affect, social withdrawal, and a
decline in role functioning. Converging evidence indicates
that schizophrenia disrupts not only higher-level cognition
but also the entirety of mental life, including sensation and
perception (Silverstein and Keane 2011b; Green et al. 2011;
Javitt 2009). One kind of processing specifically affected is
perceptual organization, which refers to the ability to
transform a spatiotemporally disjointed retinal image into a
veridical representation of the structure and coherency of the
external world. Perceptual organization dysfunction in
schizophrenia has been demonstrated in over 50 studies
(Silverstein and Keane 2011a; Uhlhaas and Silverstein
2005), and examples include: reduced contrast enhancement
between collinear elements (Must et al. 2004); weakened
shape-based and location-based grouping (Place and
Gilmore 1980; Silverstein et al. 1996); and lessened sus-
ceptibility to contextually induced size illusions (Uhlhaas
et al. 2006), among others. Such abnormalities are likely not
a function of psychiatric medication, and typically cannot be
attributed to generalized deficits (Silverstein and Keane
2011a; Knight and Silverstein 2001).

Contour integration and schizophrenia

The form of perceptual organization that is of greatest
interest in the present paper is contour integration (here-
after CI; Field et al. 1993). When orientated elements form
a collinear (or co-circular) contour, and when those ele-
ments are embedded in a field of similar but randomly
oriented elements, the target contour pops-out of the array.
The ability strongly depends on low-level stimulus factors
such as the relative orientation, spatial separation, and
alignment of the target elements (Braun 1999; Field et al.
1993); and may also depend on the inhibition of spurious
connections made between adjacent noise elements (Li
et al. 2006). Monkeys can integrate contours with presen-
tation times as short as 30 ms, suggesting that the capacity
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is phylogenetically primitive and physiologically early
(Mandon and Kreiter 2005). CI tasks have provided
insights into a range of issues in visual neuroscience,
including the effects of aging (Del Viva and Agostini
2007), development (Kovacs et al. 1999), and amblyopia
(Chandna et al. 2001) on early- to mid-level vision.

The anatomical substrate of Cl is furnished partly by long-
range horizontal connections between orientation-tuned
spatial frequency detectors in early visual cortex (Kapadia
et al. 1995; Li and Gilbert 2002). These axonal connections
are excitatory and span coaxial pyramidal cells that are
separated by up to 2° of visual angle (or about 3 mm of cortex
at eccentricities of 4-6°) in V1 (Dresp and Grossberg 1997;
Grossberg and Raizada 2000; Kapadia et al. 1995; Loffler
2008; Stettler et al. 2002; Mandon and Kreiter 2005).
Feedback from higher cortical areas is also important for
mediating top-down influence, especially for more distantly
separated elements (Angelucci et al. 2002; Zhang and von
der Heydt 2010; Ciaramelli et al. 2007). When elements are
spaced within 2°, modulatory feedback downstream from V2
probably does not play an important role because: (1) persons
with frontal and temporal lobe lesions integrate normally
with (at least) 2° spacing (Ciaramelli et al. 2007); (2) back-
ward-masked contours spaced within 2° can be integrated
with only 30 ms of presentation, which is too brief for sig-
nificant top-down modulation (Mandon and Kreiter 2005);
and (3) visual agnosic patients with damaged occipital areas
beyond V1 normally integrate closely spaced elements
(Giersch et al. 2000). However, the relative contributions of
intrinsic horizontal connections and feedback mechanisms
to CI continue to be an active topic of investigation (De
Meyer and Spratling 2009; Hess et al. 2003).

Persons with schizophrenia have been consistently shown
to be poor at CI (Silverstein and Keane 2011a; Uhlhaas and
Silverstein 2005). The deficit correlates with poor premorbid
functioning, poor outcome, and disorganization (Silverstein
and Keane 2011a); it is also associated with reduced BOLD
signal response (fMRI) in areas V2-V4 (Silverstein et al.
2009a)—the same areas implicated in prior studies of inte-
gration in healthy humans and non-human primates (Kourtzi
et al. 2003). But what is it about CI that causes problems in
schizophrenia? One simple possibility is spacing—patients
are simply not able to coordinate complex contextual inter-
actions between segregated pieces of the proximal array and
this inability becomes more apparent as those pieces are
strewn further apart. Children exhibit this tendency. Kovécs
and colleagues showed that as Gabors of a target shape
become more distantly spaced (from .9 to 1.7°), children
(ages 5—6) became worse relative to adults (ages 19-35) in
detecting an enclosed integrated surface. Such results imply
that either (1) integrating more distantly spaced elements
requires greater reliance on feedback connections (espe-
cially from V2) and these are not functioning in full capacity;
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or (2) integrating distantly spaced elements requires greater
reliance on longer-range horizontal axonal connections,
which again may be poorly developed or underutilized.
Either of these possibilities may describe schizophrenia. The
illness has been characterized as involving aberrant func-
tional connectivity (Lynall et al. 2010), which would pre-
sumably be more apparent when coordinating more distant
retinotopic areas. Moreover, visual dysfunction in schizo-
phrenia has been attributed to compromised top-down visual
feedback (van Assche and Giersch 2011; Gold et al. 2007),
which again would imply worse CI performance at larger
spacings.

To test the possibility of a reduced spatial range of
integration in schizophrenia, we utilized a CI paradigm
similar to that of Kovdcs et al. (1999). The target elements
were spaced by .7 or 1.4° of visual angle, and each spacing
condition was presented at a variety of signal-to-noise
ratios (see Fig. 1). If patient impairments become worse

with larger target spacing, then that would imply either
faulty feedback (Silverstein et al. 2006), dysfunctional
longer-range lateral connectivity in V1/V2 (McGlashan
and Hoffman 2000; Must et al. 2004) or both. On the other
hand, if the level of patients’ CI impairment does not vary
as a function of interelement spacing—and thus if the
impairment is largely independent of the stimulus-driven
grouping strength between adjacent target elements—then
that could imply a more general problem in representing a
globally integrated shape.

Methods
Observers

The study examined 25 healthy controls and 36 persons
with schizophrenia. Observers were recruited from five

Signal to Noise Ratio (SNR)

Big Gap (1.4 deg)

Small Gap (.7 deg)

Fig. 1 Stimuli and discriminated alternatives. Contour integration
displays (magnified and cropped for illustration) are shown for two
SNRs of each spacing condition. The SNR was determined by the

number of noise patches accompanying the target. On each trial,
subjects had to determine whether the embedded ovular target was
pointing to the left or right
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Table 1 Demographic and

symptom characteristics of Variables SZ (N = 36) Healthy controls (N = 25) p value
study sample Age 38 (11) 41 (12) 38
Averages (and SDs) are shown, Education, self 13.6 (2.4) 14.9 (1.8) .006
except where indicated. SZ, Education, father 14.1 (3.4) 11.5 (2.5) .003
schizophrenia or schizoaffective Education, mother 12.7 2.7) 12.4 (2.5) .63
disorder; SES, socioeconomic Gender. % male 60 57 54
status as measured with the ’ '
Barratt Simplified Measure of SES, parental 44.5 (13.5) 40.3 (12.0) 22
Social Status based on the SES, participant 28.0 (9.3) 34.2 (9.0) .01
Hollingshead Index. SLOF, SLOF, total 42 (3) 4.8 (.15) <.001
Specific Levels of Functioning

Scale: UPSA-B, UCSD UPSA-B, total 78.8 (14.5) 84.4 (8.6) .07
performance-based skills WTAR 35.5 (10.9) 36.4 (8.6) 72
assessment-brief; BPRS, Brief % Caucasian 68.6 48 .07
Psychiatric Rating Scale, BPRS BPRS positive 23 (1.2) NA

values denote average scores . .

per item for each scale and BPRS disorganized 1.4 (.6) NA

range from 1 to 7 (with 1 BPRS negative 1.8 (.8) NA

indicating no symptoms). BPRS mania 1.2 (.5) NA

Medication information was — pppg epregsed 2.1(9) NA

missing for two patients. A chi- i .

square test compared gender Chlorpromazine, equivalent (mg/day) 457 (374) NA

and ethnic composition; all Neuroleptics: typical/atypical/both 2/28/4 NA

other p values derived from Schizophrenia/schizoaffective 25/11 NA

uncorrected ¢ tests

different sites: University of California—Davis, Maryland
Psychiatric Research Center at the University of Maryland,
University of Medicine and Dentistry of New Jersey,
University of Minnesota—Twin Cities, and Washington
University in St Louis. All were recruited from outpatient
clinics, community centers, and local settings (e.g., grocery
stores) via flyers and online advertisements. Monetary
compensation was provided for participation. The study
was approved by the Institutional Review Boards at all
participating institutions; written informed consent was
obtained from all subjects after explanation of the nature
and possible consequences of the study. The research fol-
lowed the tenets of the Declaration of Helsinki.

For both controls and schizophrenia patients, the inclu-
sion/exclusion criteria included: (1) age 18-65 years; (2)
no clinically significant head injury (loss of consciousness
for 20 min or overnight hospitalization) or neurological
disease; (3) no diagnosis of mental retardation or pervasive
developmental disorder; (4) no substance dependence in
the past 6 months and no substance abuse in the past
month; (5) sufficient spoken English so as to be able to
complete testing validity, (6) a score of six or higher on the
Wechsler Test of Adult Reading (WTAR) as a measure of
premorbid 1IQ (Wechsler 2001); (7) ability to give valid
informed consent; and (8) passed alcohol and drug testing
on each day of testing. Additional criteria for schizophrenia
patients were the following: (1) Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)
diagnosis of schizophrenia or schizoaffective disorder
(based on SCID interview, see below); (2) no medication
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changes in the prior month or anticipated in the upcoming
month; and (3) stable outpatient or partial hospital status.
Additional criteria for controls were the following: (1) no
history of schizophrenia or any other psychotic disorder,
including bipolar disorder; (2) no current major depression;
and (3) no current psychotropic- or cognition-enhancing
medication. All subjects reported normal or corrected-to-
normal vision and were naive to the purposes of the task.
The final schizophrenia and control groups were matched
at the group level for gender, age, race, and parental
socioeconomic status SES, the last of which was measured
using the Hollingshead Index (Hollingshead and Redlich
1958). Demographic and clinical information for partici-
pants is shown in Table 1.'

A masters-level clinician conducted or supervised
diagnostic assessments using the Structured Clinical
Interview for DSM-IV-Text Revision (First et al. 2002) and
the 24-item Brief Psychiatric Rating Scale (Overall and
Gorham 1962; Ventura et al. 1993a, b). Assessments of
functional capacity included the following: the Brief ver-
sion of the University of California, San Diego, Perfor-
mance-based Skills Assessment (Patterson et al. 2001,
UPSA-B); and the Specific Levels of Functioning Scale
(“Participant” version; Schneider and Struening 1983,
SLOF).

' For more information on strategies for recruitment, inclusion/
exclusion criteria, clinical rater training, clinical assessment of
participants, and general testing procedures, see Henderson et al.
(2012).
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Apparatus

The apparatus was the same at each of five sites. The stimuli
were presented on Samsung 2243BWX LCD monitors,
which had a resolution of 1,680 x 1,050 pixels, a viewable
screen of 47.5 by 29.8 cm, and a refresh rate of 60 Hz.
Subjects were positioned 61 cm from the screen. The stimuli
were generated with a Dell computer (3.0 GHz, 6 M,
1,333 MHz FSB), and the task was implemented in E-prime
2.0. Displays were standardized across sites using Spyder 3.0
Elite. Standard overhead fluorescent lights were used with no
additional lamp lighting.

Stimulus and procedure

Stimuli consisted of target Gabor elements on a square
background (13.3° on a side) that had a luminance of
23 cd/m?. Each Gabor’s Gaussian envelope size (SD) and
wavelength was equal to .2°. All Gabors were identical
except for their positions and orientations. The number of
Gabor elements composing the targets for the small and
large gap conditions was 12 and 24, respectively. Target
Gabors were separated by 0.7 or 1.4° of visual angle for the
small and large gap conditions, respectively. The distance
between adjacent distractors divided by the distance
between adjacent contour elements—which reflects the
actual signal-to-noise ratio (SNR)—varied between .5 and
.9 (in steps of .5). More simply, SNR was varied by adding
or subtracting noise patches (with more noise patches
making the task harder).

On each trial, the stimulus was presented for 3 s and
subjects were told to try to respond during that period.
Subjects pressed one of two keys to indicate whether the
shape was leftward or rightward pointing. A black screen
appeared immediately after the 3 s or subject response
(whichever came first). Presentation of the different spac-
ing and signal-to-noise ratio conditions was randomized.
For each spacing condition, there were 9 SNRs, each of
which incorporated eight unique trials. Thus, each subject
completed 144 trials.

A practice session preceded the actual experiment and
proceeded as follows. First, two left-and right-pointing
demonstration stimuli (of each gap size) were sequentially
shown on the screen until the subject reported seeing the
oval shape. Next, subjects viewed a shape for 3 s, and a
luminance-defined black line was then drawn around that
shape immediately after response or after 3 s (whichever
came first). Afterward, 8 scored practice trials were given
to further familiarize subjects with the task. If subjects did
not respond correctly (and within the time limit) in at least
5 out of 8 of these trials, another block of practice trials
was given. Up to 5 practice blocks (40 trials) were given.

Only 1 control and 3 patients needed more than 1 practice
block. The two groups were undifferentiated in the number
of practice trials received (p = .49).

Data analysis

Prior to carrying out all analyses, every other timed-out
trial was coded as a correct response, so that chance per-
formance would be 50 % regardless of whether a subject
chose to guess or time-out on a trial. We next calculated the
total percent correct at each SNR for each subject and
spacing condition. We removed 4 subjects (3 patients)
whose overall proportion correct was less than or equal to
50 % on the task. For each subject and spacing condition,
the data were smoothed with a one-dimensional [1 2 1]
convolution filter to decrease volatility between adjacent
SNR accuracy values (and to improve the curve fitting
process). The two outer SNR values (50 and 90) could not
be assigned a weighted average in the convolution process
and thus were not used in the subsequent analyses. These
smoothed accuracy data were fit with a cumulative Weibull
(Wichmann and Hill 2001) function:

W(x o f,7,4) =7+ (1 =7 = 2)(1 = exp(—(x/2)"))

Y corresponds to the predicted probability correct, x
denotes the SNR; o and f determine the threshold and
slope of the psychometric function; y is the guessing rate
and was fixed at .5; and 4 refers to the upper asymptote of
the fitted curve and traditionally corresponds to the stim-
ulus-independent error rate. A threshold for a Weibull
curve corresponds to the SNR needed to produce 81.6 %
accuracy; this accuracy percentage is lower if the subject
has a positive / value. Data for one control could not be fit
with a curve for either spacing condition; data for one
patient could not be fit with a curve for the large spacing
condition only. (Parameter estimates for these subjects did
not converge because the proportion correct did not
improve with increased SNR.) The proportions of excluded
patients (4/36) and controls (2/25) did not differ signifi-
cantly (Fisher’s Exact Test, one-sided = .523). Finally, we
compared the o and f§ parameter estimates with a 2 (gap
size) x 2 (subject group) mixed-model ANOVA. The
thresholds were log-transformed (base 10) to be rendered
approximately normal. The o parameters were compared
directly since o corresponds to different percentages cor-
rect at different lapse rates (Kingdom and Prins 2009) The
A parameters were not analyzed because they are unreliable
unless a large number of trials are collected at the easiest
difficulty levels. (The purpose of including /1 as a free
parameter is mainly to improve the estimates of « and f;
(Wichmann and Hill 2001; Kingdom and Prins 2009.)
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Fig. 2 Results. a Average accuracy and fitted cumulative Weibull
curves are shown for patients (SZ) and controls (C) for two spacing
conditions (Big = 1.4°; Small = .7°). Black circles and squares are
for patients and controls, respectively. Open and filled symbols are for
small and large gap conditions, respectively. Errors show £ SEM.
Subjects who could not be fit with a curve or whose accuracy was

Results

Results are depicted in Fig. 2. The curves fit the accuracy
data well for controls (median R-squared >.92 for each
condition) and were acceptable for patients (median R-
squared >.82 for each condition). For the f analysis, there
were no main effects or interactions (all ps > .10). For the
threshold (o) analysis, patients had lower thresholds than
controls overall (F(1,53) = 6.8, p = .01, , = .114) and
the large spacing stimuli were more difficult to discrimi-
nate than the smaller spaced stimuli, F(1,53) = 11.7,
p =001, n>=.181. Most importantly, increasing the
spacing did not make patients perform worse relative to
controls, F(1,53) = .37, p = .55, nf] = .007). These results
were robust and remained, for example, if the fitted
parameters had different boundary conditions, if two out-
lier values (both patients) were removed, if a cumulative
logistic function were fit to the same data, or if the data
were unsmoothed. To be sure that the lack of interaction
did not change with the kind of analysis performed, we also
examined the integral of the distribution functions and the
total percent correct across SNR. Each of these two anal-
yses yielded between-group differences (ps < .02), a main
effect of gap size (ps < .001), but no interaction (ps > .37).
Furthermore, there were no correlations among patients
between symptomatology (scores of each BPRS category,
see Table 1) and log threshold for either the small or large
spacing condition (all ps > .12), which is not surprising
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below chance were not included in the graph data. b Colored symbols
depict variability of log thresholds for each group and spacing
condition (with two outliers removed). As shown, patients performed
worse than controls for each spacing condition, and this difference did
not significantly change as the spacing increased from .7 to 1.4
degrees

being that the patient group was largely asymptomatic.
Threshold and medication dosage did not significantly
correlate for the small spacing condition (p = .07, Spear-
man’s p = .34), the large spacing condition (p = .10,
p = .31), or the threshold difference (p = 47, p = .14).
The same three threshold values did not correlate with
premorbid IQ (as measured by the WTAR) for patients
alone, or for all subjects (all ps > .13).

Discussion

Our results replicate numerous past studies (Kozma-Weibe
et al. 2006; Silverstein et al. 2009b; for a review, see Sil-
verstein and Keane 201 1a) in demonstrating that patients are
not as adept at integrating and combining elements to rep-
resent global shape. Moreover, performance worsened for
both groups as target elements spacing increased. Finally,
and most importantly, even when the target spacing was
doubled to 1.4° of visual angle—and thus even when sub-
jects needed to rely more on later-developing mechanisms
of long-range lateral connectivity and top-down feedback—
the magnitude of patient deficits did not increase.

Explaining the effects of gap size and patient group
The advantage of smaller spacing was expected on the

ground that physically specifying a larger portion of a
contour—that is, increasing a contour’s “support ratio”—
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increases the precision with which that contour is repre-
sented (Hadad et al. 2010; Pillow and Rubin 2002; Shipley
and Kellman 1992). It is important to note, however, that
Kovacs et al. (1999) and others did not find a deleterious
effect of target spacing on adult performance (Braun 1999).
The discrepancy can be reconciled by the fact that these
studies required only contour detection, while the present
study required shape discrimination. Whereas efficiently
detecting an integrated shape can occur even when the
enclosing contour is poorly specified (Pillow and Rubin
2002), discrimination of similarly appearing alternatives
requires relatively precise edge representation.

An objection is that subjects did not necessarily have to
integrate a whole shape to perform the task; they could
have just integrated only a diagnostic part of the shape
(Mandon and Kreiter 2005). This possibility is not prob-
lematic because subjects would still need to integrate
multiple patches in both distance conditions, and the data
provide no evidence that the larger spacings were espe-
cially difficult for patients.

Can generalized deficits in motivation or visual acuity
explain our results? We deem it unlikely. In a study with
the same exclusion/inclusion criteria and the same
recruitment sites as the present, controls (N = 132) had an
average logMAR acuity of .114 (20/26) and patients
(N = 104) had an average acuity of .168 (20/29) (Strauss
et al. in preparation). Such differences would doubtfully be
significant in a study of our size. Moreover, as can be
guessed from Fig. 2, there was no group difference on the
three easiest SNRs of the small spacing condition (p > .6),
indicating that patients were properly understanding the
task and seeing the Gabor stimuli. In addition, the three-
parameter curve fitting procedure takes into account
attentional errors (“lapsing errors”) by essentially making
it easier for a subject to reach threshold as the lapse rate
increases (Wichmann and Hill 2001). Lastly and most
importantly, even if generalized deficits altered patient
behavior, there is no reason to think that such deficits
would suppress an otherwise significant interaction
between spacing and subject group.

The lack of interaction between gap size and subject
group implies that cortical mechanisms that combine
information over larger distal ranges are not differentially
impaired in schizophrenia. That is, the longer-range facil-
iatory interactions between orientation-tuned spatial fre-
quency channels in V1/V2 and the low-level feedback
mechanisms that span larger cortical areas do not play a
special role in patients’ CI dysfunction.

The lack of interaction leaves open an interesting pos-
sibility, viz., that the patient deficits in the CI task are
independent of low-level linking. In other words, it is at
least possible that poor performance owes not to local
element linking but to a higher-level inability to form a

global shape representation from the individually con-
nected elements. There is some evidence for this view.
When four sectored circles form a single “Kanizsa” (illu-
sory) shape, people with schizophrenia show a normal
sensitivity to perturbances of the filled-in path, but a poor
ability to discriminate the overall shape (Keane et al.
2012b). In an EEG study, when schizophrenia patients
attempted to detect a Kanizsa shape, there was an intact
early ventral stream response (106—194 ms) for contour
filling-in but a subsequent abnormal frontal response
(240-400 ms) (Foxe et al. 2005). A related EEG study
showed that—when attempting to name objects depicted
by line drawings—patients were more adversely affected
by fragmentation of the drawings than controls, and this
effect corresponded to a differential neural response at
relatively late stages in processing (Doniger et al. 2002).
Other studies have also dissociated local contour interpo-
lation from global shape perception (Giersch et al. 2000;
Keane et al. 2012a). More generally, it has been supposed
that the latest stages in object perception are those that are
most acutely affected (Uhlhaas and Silverstein 2005),
perhaps as a result of hypofunctioning NMDA glutamate
receptors (Phillips and Silverstein 2003). Of course, the
foregoing is not meant to imply that al/l high-level abilities
are compromised in schizophrenia. Patients can suppress or
enhance selected input (Luck and Gold 2008) or adapt to
certain regularities in interelement grouping (Giersch and
Rhein 2008). Future studies will need to test CI of closed
and open contours (Kovacs and Julesz 1993) to see whether
CI deficits can be explained in terms of global shape pro-
cessing (or “closure”) deficits.

Limitations and future directions

Conclusions drawn from our data must be qualified in
several important ways. One is that because all subjects
were highly asymptomatic and clinically stable (see
Table 1), the results may not generalize to other segments
of the schizophrenia population. In particular, there remains
the possibility that more disorganized patients would
exhibit a differential deficit at larger element spacings, since
they are the most susceptible to perceptual organization
impairments (Phillips and Silverstein 2003; Uhlhaas and
Silverstein 2005; Silverstein and Keane 2011a; Silverstein
et al. 2000). Relatedly, more severely disabled patients
display posteriorization of gray matter loss in the occipital
lobe (Mitelman and Buchsbaum 2007), and the later-
developing low-level circuitry in these individuals may be
especially compromised as Gabors are distributed over
larger spatial gaps. Another limitation is that all patients in
our study were on medication at the time of testing. While
medication effects cannot be ruled out, we do not regard
them as particularly troubling because: (1) our results did
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not correlate with dosage; (2) other visual integration
studies failed to find dosage correlations (Foxe et al. 2005;
Doniger et al. 2002; Silverstein et al. 2009b); and (3)
unmedicated patients with at least a 3-week washout period
exhibit visual integration dysfunction (Must et al. 2004).

A final noteworthy limitation is that our spacing con-
ditions were restricted to .7 and 1.4° of visual angle. Even
though similar spacings caused children and adult perfor-
mance to diverge in an detection study (Kovacs et al.
1999), the large spacing value may not have been insuffi-
cient to produce patient differences. For example, persons
with frontal lobe injuries integrate normally at 2°, but not at
3 or 4° (Ciaramelli et al. 2007). Considering the well-
documented frontal cortex abnormalities in schizophrenia
(Volk and Lewis 2010), increasing the gap size past 2° may
well produce the interaction of interest. Importantly, if such
large spacings were necessary, the implicated visual path-
way in schizophrenia would be qualitatively different from
that considered in the present study, involving much later
stages in processing, more susceptibility to attention and
memory, and little dependency on connectivity in primary
visual cortex (Loffler 2008, p. 2114). The result, if
obtained, would reveal more about the ability to generate
and deploy cognitive strategies than it would about the
capacity to reflexively unify elements in occipital cortex,
which was the goal of the present study. In sum, our results
provide evidence that higher-functioning patients with
schizophrenia have a relatively constant level of CI dys-
function for elements spaced within 1.5°. This indicates
that, in schizophrenia, the mechanisms of low-level feed-
back and lateral connectivity that develop in middle
childhood and early adolescence are no more impaired
relative to those that mature by age 5 or 6.
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