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Abstract
Research on schizophrenia has provided evidence of both impaired attentional control and
dysfunctional magnocellular sensory processing. The present study tested the hypothesis that these
impairments may be related, such that people with schizophrenia would be differentially distracted
by stimuli that strongly activate the magnocellular pathway. To accomplish this, we used a visual
attention paradigm from the basic cognitive neuroscience literature designed to assess the capture
of attention by salient but irrelevant stimuli. Participants searched for a target shape in an array of
non-target shapes. On some trials, a salient distractor was presented that either selectively
activated the parvocellular system (parvo-biased distractors) or activated both the magnocellular
and parvocellular systems (magno+parvo distractors). For both manual reaction times and eye
movement measures, the magno+parvo distractors captured attention more strongly than the
parvo-biased distractors in people with schizophrenia, but the opposite pattern was observed in
matched healthy control participants. These results indicate that attentional control deficits in
schizophrenia may arise, at least in part, by means of an interaction with magnocellular sensory
dysfunction.
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1. Introduction
Schizophrenia is associated with significant deficits in everyday functioning. This is in large
part the result of deficits in cognitive functioning (Green, Kern, & Heaton, 2004), which
may partly reflect an impairment in selecting goal-relevant information from the many
sources of salient information in the environment. Accordingly, attentional impairment has
been a key concept in schizophrenia research since the earliest theories (Bleuler, 1911) as
well as in more recent investigations (e.g., Braff, 1993; Nuechterlein & Dawson, 1984).

However, many laboratory tasks have shown surprisingly little impairment in selective
visual attention in people with schizophrenia (PSZ) compared to matched healthy control
subjects (HCS). The clearest evidence comes from variants of the Posner spatial cuing
paradigm, in which the effectiveness of attentional selection can be quantified as the
difference in performance for stimuli presented at cued versus uncued locations. Across a
large number of studies, this cuing effect is typically just as large or even larger in PSZ than

Corresponding author: Carly J. Leonard, cjleonard@ucdavis.edu, Phone: 1-530-297-4425, Center for Mind and Brain, University of
California, Davis, 267 Cousteau Place, Davis, CA 95618, USA.

NIH Public Access
Author Manuscript
Neuropsychologia. Author manuscript; available in PMC 2015 April 01.

Published in final edited form as:
Neuropsychologia. 2014 April ; 56: 359–366. doi:10.1016/j.neuropsychologia.2014.02.011.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in HCS (Hahn, et al., 2011; Spencer, et al., 2011). In addition, Luck et al. (2006) found both
behavioral and electrophysiological evidence that shifting attention to the location of a
single, salient target in a visual search array is unimpaired in PSZ compared to HCS.
Furthermore, both PSZ and HCS can efficiently encode task-relevant visual stimuli into
working memory and suppress the encoding of equally salient distractors (Gold, et al.,
2006). These results suggest that PSZ do not experience difficulty in implementing
attentional selection if attention can be easily guided to the correct target. Instead, PSZ may
be impaired in their ability to select task-relevant information in the presence of strong
competition from highly salient distractors (Luck & Gold, 2008).

Consistent with this hypothesis, PSZ were worse than HCS at selectively encoding non-
flickering, task-relevant objects into working memory in the presence of more salient
flickering distractors (Hahn, et al., 2010). However, the failure of selective attention in this
experiment may reflect the fact that flickering stimuli are particularly effective at
stimulating the magnocellular pathway (Merigan & Maunsell, 1993). Because the
magnocellular system appears to be dysregulated in PSZ (Butler & Javitt, 2005; Butler, et
al., 2007; Martinez, et al., 2008), the finding of impaired filtering of flickering objects may
reflect a specific interaction between attentional control and magnocellular processing rather
than a general impairment in controlling attention in the face of salient distractors.

Given the many findings showing reduced sensitivity and neural activation for stimuli that
activate the magnocellular pathway in PSZ (Butler, et al., 2007; Keri, Kelemen, Benedek, &
Janka, 2004; Schechter, et al., 2005), one might expect PSZ to exhibit reduced rather than
increased distraction by stimuli that activate the magnocellular pathway (although see
Skottun & Skoyles, 2007 for a critique of the magnocellular hypothesis). However,
increased distraction might be expected given previous research showing that PSZ show
potentiated backward masking, an effect that arises when target discrimination is impaired
by trailing distracting information (for a review see, Green, Lee, Wynn, & Mathis, 2011).
One potential explanation is that magnocellular information from the mask catches up to and
interferes with the detailed, sustained-channel processing of the target (Breitmeyer & Ganz,
1976). Indeed, dysregulated processing of magnocellular input has been hypothesized to be
the cause of increased masking deficits in PSZ (Butler, et al., 2003; Cadenhead, Serper, &
Braff, 1998; Green, Nuechterlein, & Mintz, 1994; Schechter, Butler, Silipo, Zemon, &
Javitt, 2003; Slaghuis & Curran, 1999). However, given that dysregulated magnocellular
processing appears to yield greater interference by magnocellular stimuli in tasks that
involve masking, it is plausible that dysregulated magnocellular processing might also yield
greater interference by magnocellular distractors during visual search paradigms in PSZ.

Here we sought to address this possibility by using a well-studied visual search task in
which we have previously shown that healthy young adults show largely equivalent capture
independent of whether or not the stimuli activate the magnocellular pathway (Leonard &
Luck, 2011). This general paradigm is frequently used in the basic cognitive neuroscience
literature to assess interference from a salient yet irrelevant distractor (e.g., Bacon & Egeth,
1994; Theeuwes, 1994; Yantis & Jonides, 1990). Typically, the target is an object that is
unique in the shape dimension (i.e., a single circle among multiple diamonds or a single
diamond among multiple circles) and the irrelevant salient distractor is a color singleton (see
Figure 1). Under conditions in which the specific target shape is unknown (i.e., participants
are instructed to look for the unique shape in the display but are not told whether it will be
the circle or the diamond), the color singleton attracts attention and thus slows search times
for the shape target (Bacon & Egeth, 1994; Theeuwes, 1991).

In the current experiment, we used two types of irrelevant distractors, one designed to
activate both the magnocellular and parvocellular pathways (magno+parvo distractors), and
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the other designed to selectively activate the parvocellular pathway (parvo-biased
distractors).1 The magnocellular system is largely blind to differences in hue between
stimuli that are equal in luminance, but both the magnocellular and parvocellular systems
can easily discriminate large luminance differences (Kaplan & Shapley, 1982; Merigan &
Maunsell, 1993). Our magno+parvo distractor differed greatly in luminance from the other
objects and the background and therefore activated both processing streams. In contrast, our
parvo-biased distractor differed in hue from the other objects and background but was equal
in luminance, therefore minimizing activation of the magnocellular system. It is impossible
to be certain that the parvo-biased distractor was completely indistinguishable from the other
stimuli by the magnocellular system, but it should have been much more salient to the
parvo-cellular system than to the magnocellular system.

This design makes it possible to distinguish among three specific types of impairment that
might plausibly be present in PSZ. First, PSZ might show more capture than HCS for both
parvo-biased and magno+parvo distractors, which would indicate a general failure in using
top-down control mechanisms to avoid distraction. Second, PSZ might show less capture
than HCS for the magno+parvo distractor but not the parvo-biased distractors. This would
indicate that reduced sensitivity to magnocellular stimulation in PSZ leads to reduced
magnocellular-based salience. Third, PSZ might show exaggerated capture relative to HCS
for the magno+parvo distractors but not the parvo-based distractors. This would reflect a
more complex dysregulation of the magnocellular pathway, and it would be analogous to the
increased magno-based masking observed in PSZ. To preview the results, we find evidence
from multiple measures that supports the third alternative in which there is dysregulation of
magnocellular input in schizophrenia, similar to that found in backward masking.

2. Methods
2.1 Participants

In this experiment, 26 HCS and 33 PSZ were tested. Two PSZ were excluded due to the
reaction time criteria described below, and the subsequent demographics and analyses are
from the remaining sample of 26 HCS and 31 PSZ. All participants passed Ishihara’s Test
for Color Deficiency (2001, Kanehara Trading Inc., Tokyo, Japan).

There were no significant differences between HCS and PSZ in age, race, gender, or
parental education (see Table 1 for statistics). As is typically found, PSZ completed
significantly fewer years of education than HCS, likely due to interference in education
attainment owing to disease onset in early adulthood.

Material from past medical records, collateral informants (when available), and the results of
the Structured Clinical Interview for DSM-IV-TR Axis 1 Disorders (First, Spitzer, Miriam,
& Williams, 2002) were combined to make a diagnosis based on the standard operational
criteria in the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV). Final
diagnoses were reached at a consensus conference chaired by co-author J.M.G. All PSZ
were clinically stable outpatients who had been receiving the same medications, at the same
dose, for at least 4 weeks prior to study participation. Three were receiving typical
antipsychotic medication, 27 atypical antipsychotic medication, and 1 both. Additionally, 18
of the PSZ were on an antidepressant, 4 were on a mood stabilizer, 11 were on an anxiolytic,
6 were on an antiparkinsonian, and 1 was on Modafinil for sleep apnea. The 31 PSZ were
categorized into the following types: 14 paranoid, 10 undifferentiated, 2 bipolar, 2 residual,
1 catatonic, 1 disorganized, 1 depressed.

1Magno+parvo distractors were used instead of magno-specific distractors because it is difficult to create a small but potent visual
search object that selectively activates the magnocellular pathway.
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Control participants were recruited via random digit dialing, word of mouth, and limited use
of online advertisements. They were screened using the complete Structured Clinical
Interview for DSM-IV Axis 1 Disorders (SCID-I; (First, et al., 2002) and Axis II Personality
Disorders (SCID-IV; (Pfhol, Blum, & Zimmerman, 1995). All had no current diagnosis of
any Axis I disorder or any Axis II schizophrenia-spectrum disorder, and all denied a lifetime
history of psychosis or any family history of psychotic disorders in first-degree relatives.

All participants (PSZ as well as HCS) were free of other medical or neurologic comorbidity
that could reasonably influence test performance, including substance abuse or dependence
within the last 12 months. This protocol was approved by the Institutional Review Board at
the University of Maryland School of Medicine, and all participants gave written informed
consent before taking part in this study.

2.2 Task and design
During the task, an SR Research Eyelink 1000 desk-mounted system recorded eye position
from the right eye at 2000 Hz. At the beginning of each trial, a fixation point appeared at the
center of the display, and the task was initiated when fixation was maintained for 500 ms
within 1° of this point. Participants were told that they could move their eyes freely once the
visual search stimuli were presented.

Participants searched for the unique shape, either a single red circle among multiple
diamonds or a single red diamond among multiple circles (see Figure 1). The task was to
make a speeded response about the orientation of the line inside the target shape (horizontal
or vertical) by pressing one of two buttons on a gamepad. A salient color singleton distractor
was present on two-thirds of trials and was equally likely to occur at any of the nontarget
locations; participants were informed that this distractor was irrelevant and could never be
the target.

Each participant received 144 no-distractor trials, 144 parvo-biased distractor trials, and 144
magno+parvo distractor trials, randomly intermixed. The target was equally likely to be a
circle among diamonds or a diamond among circles, and it occurred at each location with
equal probability. The experiment was divided into 3 blocks of trials, separated by long
breaks, with short breaks approximately every 50 trials within a block.

2.3 Stimuli
On each trial, the search display consisted of nine objects presented evenly spaced on an
imaginary circle with a radius of 3.6°. The circles and diamonds were each 1.2° in diameter.
A line segment (0.7° in length) was presented inside of each object; the line within the target
shape was either vertical or horizontal, and the line randomly tilted within the nontarget
shapes. The search display was presented on a gray background (3.9 cd/m2, CIE X: 0.26, Y:
0.24) and all of the objects, with the exception of the singleton distractors, were a nearly
isoluminant red (3.7 cd/m2, CIE X: 0.64, Y: 0.31).

The magno+parvo distractor was a very dark red (0.5 cd/m2, CIE X: 0.32, Y: 0.46) (magno
+parvo). Thus, when this distractor was present, it was a very different luminance from the
background (Michelson contrast = 0.77), but the target and other non-target shapes were
nearly the same luminance as the background. A luminance decrement was chosen over a
luminance increment such that increased capture by the magno+parvo distractor would not
be due to a higher intensity, but rather due to the fact that the magnocellular system would
be sensitive to the contrast between this object and the rest of the display.

The parvo-biased distractor was green, such that it differed in color from the other objects in
the display. However, the luminance of this distractor was adjusted for each participant to
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the point of subjective isoluminance to these red objects. This was done using
heterochromatic flicker fusion that adjusted the depth of modulation of the green gun. The
magnocellular system is relatively insensitive to isoluminant color differences (Kaplan &
Shapley, 1982; Merigan & Maunsell, 1993), and therefore this type of singleton should
selectively activate the parvocellular stream. The stimulus parameters were chosen on the
basis of a previous study (Leonard & Luck, 2011) and additional pilot testing, with the goal
that the parvo-biased and magno+parvo singletons would be approximately equally salient
(i.e., would produce approximately equal amounts of capture in HCS).

It should be noted that a magno-biased condition was not included because of the difficulty
in developing a stimulus that isolates the magnocellular system and can also be used in this
type of search paradigm. Our stimuli also do not isolate contributions from the koniocellular
pathway, which has more idiosyncratic tuning properties (Hendry & Reid, 2000). No
evidence of specific koniocellular dysfunction has been reported in PSZ.

Note that the distance between the target and the salient distractor varied from trial to trial,
and capture effects are typically largest when the distractor is near the target (Caputo &
Guerra, 1998; Mounts, 2000). We found the same pattern in our data, but this effect did not
interact with any of the other factors, so we have collapsed across target-distractor distance
in the analyses presented here.

2.4 Data Analysis
For each participant, the median reaction time from correct trials for each trial type was the
primary behavioral measure of interest. The mean and standard deviation of performance in
the distractor-absent trials was calculated across all participants, and any participant whose
individual performance fell outside of 3 standard deviations was excluded from all analyses.
Two participants from the PSZ group with exceptionally slow manual response times (4100
ms and 5018 ms averaged across trial types) met this outlier criterion and were excluded
from analysis (and the demographic information in Table 1).

Saccades and fixations were detected using the default Eyelink parser, with saccade onset
detection settings of minimum eye velocity threshold at 30°/s and a minimum eye
acceleration threshold at 9500°/s/s. A wedge shaped interest area was created for each object
that subtended 1.8° both inward and outward from the center of the object, such that each of
the 9 interest areas encompassed 40° of the circumference of the circle on which the stimuli
were distributed (see Figure 1, left panel, for an example). Fixations whose mean position
fell within this interest area were categorized as a visit to that object. Fixation latencies were
measured as the time that elapsed between stimulus onset and the beginning of the first
fixation in which the eyes were within one of the 9 interest areas.

3. Results
3.1 Accuracy

Target discrimination accuracy was near ceiling across all trial types for both HCS and PSZ,
with errors on fewer than 3% of trials (see Table 2). An ANOVA with factors of condition
(no distractor, magno+parvo, parvo-biased) and group (HCS, PSZ) showed no main effect of
condition (F < 1), no main effect of group, F(1, 55) = 2.82, p = 0.10, and no significant
interaction (F < 1). Only correct trials were used in further analyses.

3.2 Manual reaction time and latency to target fixation
Figure 2a shows the manual reaction times (RT). Overall, RTs were elevated in PSZ
compared to HCS, as is typical. In addition, both groups exhibited slower RTs when an
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irrelevant singleton distractor was present in the display compared to no-distractor trials,
indicating that the irrelevant singleton effectively attracted attention away from the target.
To focus on distractor interference, the reaction time (RT) measure from the no-distractor
trials were subtracted from the RT measures in the magno+parvo and parvo-biased distractor
trials for each participant, creating RT Cost for each distractor type (shown at right of Figure
2a).

After the target object is fixated, the participant must still identify the line segment, select
the appropriate response, and execute the button-press. To provide a more refined measure
of the initial allocation of attention that excludes these later processes, we also analyzed the
latency of the first fixation that landed within the target interest area on each trial. These
target fixation latencies were much faster than the manual RTs, but they showed the same
pattern as the manual response times (Figure 2b). As with manual RT, we subtracted target
fixation latency for the no-distractor trials from target fixation latency for the distractor trials
to create a Target Fixation Cost measure.

To examine the nature of these interference effects, the RT Cost and Target Fixation Cost
measures were entered into separate ANOVAs with factors of distractor type (magno+parvo,
parvo-biased) and group (HCS, PSZ). The main effect of group was not significant for either
measure (Fs < 1), indicating that the overall costs were no greater in PSZ than in HCS. In
addition, the main effect of distractor type was not significant for either measure (Fs < 1),
indicating that the overall amount of capture was approximately equivalent for the two
distractor types. However, PSZ exhibited greater capture for magno+parvo distractors
whereas HCS exhibited greater capture for parvo-biased distractors, which led to significant
interactions between distractor type and group for manual RT (F(1,55) = 5.88, p = 0.02, η2

p
= 0.10) and for target fixation latency (F(1,55) = 8.99, p < 0.01, η2

p = 0.14).

Follow-up within-group comparisons were used to isolate the sources of these interactions.
Target Fixation Cost was significantly greater for magno+parvo distractors than for parvo-
biased distractors in PSZ (t(30) = 2.11, p = 0.04, d = 0.38), whereas it was significantly
greater for parvo-biased distractors than for magno+parvo distractors in HCS (t(25) = 2.18,
p = 0.04, d = 0.43). RT Cost showed the same numerical pattern, although the differences
did not reach significance for both groups (HCS: t(25) = 1.41, p = 0.17, d = 0.28; PSZ: t(30)
= 2.09, p = 0.05, d = 0.38). The fact that the same pattern of means was observed for both
the eye movement and manual response measures, but did not reach significance for the
manual response measure, likely reflects the fact that additional sources of variance
contribute to the manual response measure. That is, the time required to localize the target
contributes to both measures, but the manual response also requires discrimination of the
target orientation and the selection of an appropriate choice response, which adds variance
that may overshadow the effect of interest (S. J. Luck, et al., 2009).

3.3 Fixations of the salient distractor
To provide a more direct measure of attention capture, we examined the percentage of trials
on which a given distractor type was fixated. PSZ fixated the magno+parvo distractor more
often than they did the parvo-biased distractor, whereas there was little or no difference
between distractor types for HCS (Figure 3). An ANOVA of this measure showed a
significant main effect of distractor type, F(1,55) = 5.94, p = 0.02, η2

p = 0.10, and a
significant interaction of distractor type and group, F(1,55) = 5.05, p = 0.03, η2

p = 0.08. The
main effect of group was not significant, F(1,55) = 1.73, p = 0.19.

Within-subjects follow-up comparisons of the two distractor types showed that PSZ visited
the magno+parvo distractor significantly more than the parvo-biased distractor, t(30) = 3.00,
p < 0.01, d = 0.54, whereas HCS showed no significant difference between distractor types,
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t(25) = 0.17, p = 0.87. No significant difference between groups was found for the number
of fixations of the parvo-biased distractor, t(55) = 0.61, p = 0.54. This provides converging
evidence that PSZ have difficulty suppressing shifts of attention to stimuli that activate both
magnocellular and parvocellular pathways but show normal capture of attention to stimuli
that selectively activate the parvocellular pathway. However, the distractor fixation results
did not perfectly mirror the RT results: whereas HCS exhibited more RT capture for the
parvo-biased distractor than for the magno+parvo distractor, they did not show evidence for
greater fixation of the parvo-biased distractor than the magno+parvo distractor. This may
indicate that the parvo-biased distractor captured covert attention without capturing overt
attention in HCS.

3.4 Medication Analyses
To address the possible role of medication in explaining the magnitude of attentional
capture, we calculated chlorpromazine equivalents for each participant in the PSZ group
(Andreasen, Pressler, Nopoulos, Miller, & Ho, 2010). We examined how this correlated
with the RT Cost and Target Fixation Cost measures and with the frequency of fixating the
singleton distractor, separately for parvo-biased and magno+parvo distractors. None of the
correlations approached significance (see Table 3).

Previous research suggests that anxiolytics may influence contrast sensitivity (e.g., Giersch,
Speeg-Schatz, Tondre, & Gottenkiene, 2006; Harris & Phillipson, 1995). Because 11 of our
31 PSZ were taking anxiolytics, it is important to ensure that these medications were not
somehow responsible for the finding of greater capture by magno+parvo singletons than by
parvo-biased singletons. To assess the role of anxiolytics, we took our three main measures
of capture (RT Cost, Target Fixation Cost, and Salient Distractor Fixation Probability) and
conducted an ANOVA on the PSZ with factors of Anxiolytic use (present, absent) and
distractor type (parvo-biased, magno+parvo). For all three measures, the difference in
capture was similar for the two subgroups of PSZ, and none of the Anxiolytic × distractor
type interactions approached significance (p’s > 0.3).

We also conducted additional analyses to determine whether our finding that PSZ exhibited
greater capture for magno+parvo distractors than for parvo-biased distractors could be
observed in the absence of anxiolytic use. Specifically, we performed t tests comparing the
two distractor types in the subset of PSZ who were not using anxiolytics. As in the whole
group of PSZ, this subgroup had a larger capture effect for magno+parvo distractors than for
parvo-biased distractors. This effect was statistically significant for the Target Fixation Cost
measure, t(19), 2.5, p = 0.02. It was only marginally significant for the RT Cost measure,
t(19) = 1.9, p = 0.07, and for the probability of fixating the salient distractor, t(19) = 1.8, p =
0.08. The fact that two of these three measures were only marginally significant is
unsurprising given the smaller N in these analyses than in the whole-group analyses. The
overall pattern indicates that the use of anxiolytics among a subset of our sample of PSZ is
not a likely explanation for the finding of greater capture by magno+parvo singletons.

4. Discussion
This study was designed to distinguish among three plausible hypotheses regarding the
relationship between attentional control and magnocellular sensory processing in PSZ.
Specifically, we sought to determine whether PSZ exhibit a general increase in capture of
attention by salient distractors, a reduced capture of attention by salient distractors that
activate the magnocellular pathway, or an increased capture of attention by salient
distractors that activate the magnocellular pathway. We found several pieces of converging
evidence for the last of these three possibilities. Specifically, the overall capture of attention
by salient distractors was no different in PSZ and HCS, ruling out a general impairment in
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the suppression of salient but irrelevant information. However, PSZ showed greater capture
for stimuli that activated the magnocellular pathway (plus the parvocellular pathway) than
for stimuli that were designed to selectively activate the parvocellular pathway, whereas
HCS did not show this effect (and in fact showed the opposite pattern). This pattern was
observed for three different measures of capture: a) slowing of manual RT produced by the
presence of a distractor; b) slowing of the arrival of the eyes to the target; and c) likelihood
that the distractor was fixated prior to the target.

In healthy individuals, it is known that information from the magnocellular and
parvocellular streams are both capable of capturing attention and triggering eye movements
(Leonard & Luck, 2011; Sumner, Adamjee, & Mollon, 2002). In the present study, the
parvo-biased stimuli produced somewhat greater capture of attention than did the magno
+parvo stimuli for HCS, but this just means that the luminance contrast of the magno+parvo
stimuli was not perfectly equated to the color contrast of the parvo-biased stimuli for these
subjects (although it was equated for the two groups combined). This enhances the
interpretability of the finding of greater capture by the magno+parvo distractors in PSZ,
because it led to a crossover interaction for the RT Cost and Target Fixation Cost measures
(see the bottom of Figure 2). In other words, PSZ did not merely show an exaggeration of
the pattern shown by HCS, but instead showed an opposite-direction pattern. This would be
extremely difficult to explain in terms of a generalized deficit.

This pattern also supports the contention that our parvo-biased and magno+parvo stimuli
activated the parvocellular and magnocellular pathways to different degrees. That is, the
present results cannot be explained by assuming that the two distractor types activated the
same pools of neurons but to different degrees. In addition, a previous study using these
same stimuli in college students found that the magno+parvo stimuli triggered faster
saccades than the parvo-biased stimuli (Leonard & Luck, 2011), consistent with the faster
transmission of information in the magnocellular system than in the parvocellular system
(Nowak, Munk, Girard, & Bullier, 1995; Schmolesky, et al., 1998; White & Munoz, 2011).
Thus, not only were the stimuli designed to differentially activate the two pathways, the
pattern of results was consistent with differential activation. However, it should be noted
that the effect sizes of the interaction between stimulus type and group across the different
measures were relatively small in this study (η2

p ranged from 0.08 to 0.14).

Our finding that attention is more likely to be drawn to distractors that activate the
magnocellular pathway in PSZ is consistent with previous results showing that a stimulus
that preferentially activates the magnocellular pathway (and not one that preferentially
activates the parvocellular pathway) is a more effective backward mask in PSZ compared to
HCS (Schechter, et al., 2003). Other studies have shown complimentary evidence that PSZ
are biased toward processing low-spatial frequency information during visual categorization
tasks (Laprevote, Oliva, Delerue, Thomas, & Boucart, 2010; Laprevote, et al., 2013).
Furthermore, Ducato, et al. (2008) found that PSZ could not inhibit interference from
motion distractors, which likely activate the magnocellular pathway, even when occurrence
of the distracting signal was predictable. These findings contrast with several studies in
which PSZ exhibited reduced sensory responses to stimuli that were designed to selectively
activate the magnocellular pathway (Butler, et al., 2007; Schechter, et al., 2005). It also
contrasts with the finding of impaired performance in perceptual closure tasks that rely on
the magnocellular pathway (Doniger, Foxe, Murray, Higgins, & Javitt, 2002; Sehatpour, et
al., 2010).

The finding that stimuli that activate the magnocellular pathway produce greater interference
but smaller sensory responses and poorer perceptual closure seems contradictory. One
possible explanation for this apparent discrepancy is that a chronic weakness of signals from
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the magnocellular pathway leads to an increased weighting of information from this
pathway when it is integrated with other information at higher levels of the visual system.
That is, the magnocellular information is weak and of poor quality, producing small
electrophysiological responses and poor contrast sensitivity, but as a compensatory
mechanism it might be given greater weight in higher-level processes, leading to
exaggerated masking and attentional capture. Why, then, doesn’t this higher weight lead to
improved perceptual closure? The answer may be that perceptual closure requires high-
fidelity information, whereas high-fidelity information is not needed to produce masking or
capture attention. The combination of poorer quality and higher weight for magnocellular
information in PSZ could therefore lead to poorer perceptual closure but greater masking
and increased capture.

The general idea of dysregulated top-down weighting in schizophrenia has been discussed
previously (Herzog, Roinishvili, Chkonia, & Brand, 2013; Laycock, Crewther, & Crewther,
2007). Furthermore, top-down dysregulation is supported by Harvey, et al. (2011), who
showed that PSZ and HCS had a similar degree of connectivity between frontal regions and
the lateral occipital area, in which magnocellular and parvocellular information about
objects combine. However, the strength of this connectivity did not significantly vary as a
function of stimulus visibility in PSZ as it did in HCS, suggesting some type of dysregulated
attentional weighting. Additional evidence for increased attention to magnocellular
information comes from Coleman, et al. (2009), who showed that PSZ are impaired at
shifting from global processing (which is more related to low-spatial frequency and the
magnocellular pathway) to local processing (which is related to high-spatial frequency
processing and the parvocellular pathway).

In contrast to the current results, Leonard, et al. (in press) found that the antisaccade deficit
in PSZ was equivalent for stimuli designed to preferentially activate the magnocellular,
parvocellular, or both pathways. Unlike the antisaccade task, in which only a single object is
presented on the screen, the current task involves simultaneous competition between the
target and multiple distractors. Larger effects of top-down attention occur under conditions
of simultaneous competition (Luck, Chelazzi, Hillyard, & Desimone, 1997; Moran &
Desimone, 1985; Treue & Maunsell, 1996; Zhang & Luck, 2008). When the target is
presented in isolation in the antisaccade task, it captures attention so strongly that the
weighting of the magnocellular and parvocellular signals will have little or no effect on the
initial capture. The exaggerated antisaccade effect in PSZ appears to reflect impairments in
higher-level executive processes rather than dysregulation of the magnocellular pathway
(Leonard, et al., in press).

On the other hand, Martinez et al. (2012) found electrophysiological evidence of both
weaker sensory responses and impaired attentional selection for magnocellular stimuli.
Specifically, participants were asked to attend either to high-frequency gratings
(parvocellular stimuli) or low-frequency gratings (magnocellular stimuli) and look for subtle
changes in spatial frequency within the attended gratings. Unlike in the antisaccade task, a
detailed discrimination was required and, likely due to poor quality sensory information,
PSZ exhibited increased difficulty compared to HCS in performing this task with low-
frequency gratings. Moreover, the first 300 ms of the event-related potential showed reduced
amplitude attention effects for low-spatial frequency stimuli in the PSZ compared to the
HCS. This suggests that any increased weighting of the magnocellular signals does not
amplify this early sensory response.
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5. Conclusions
Overall, these results suggest that PSZ do not have a global impairment in top-down control
mechanisms that increases distraction under all circumstances. Instead, there may be a
specific increase in the amount of attention directed to irrelevant stimuli that activate the
magnocellular system. This is consistent with previous results that suggest a specific
impairment in filtering flickering distractors (Hahn, et al., 2010), but not other types of
irrelevant stimuli (Gold, et al., 2006). Moreover, our findings clearly relate to previous
evidence showing a specific impairment in the processing of visual inputs by the
magnocellular system in schizophrenia (Butler & Javitt, 2005; Butler, et al., 2007; Martinez,
et al., 2008), and suggest a disruption in the interface between attentional prioritization and
specific types of sensory information in schizophrenia.

What effects might this have in the everyday lives of PSZ? Recurrent models suggest that
information processed in the magnocellular stream provides the visual system with a rapid
yet coarse estimate of identity information, creating a framework that shapes the slower
parvocellular-based processing in the ventral stream (Bar, et al., 2006; Kveraga, Boshyan, &
Bar, 2007). Increased weighting of such signals in crowded environments may be
particularly damaging, in that details may be overpowered by coarse, and often inaccurate,
visual information. This may lead to increased involuntary capture of attention and masking
by magnocellular signals, accompanied by impairments in perception when low-fidelity
magnocellular signals overpower the more precise parvocellular signals.
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Figure 1.
Example stimuli. The region indicated by the dotted line in the salient distractor absent panel
shows an example interest area used for analysis, and is not part of the experimental display.
Also note that printed colors do not accurately depict those used in the experiment.
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Figure 2.
A) Manual reaction times. RT across the no distractor, magno+parvo, and parvo-biased trial
types are shown on the left, and the RT Cost relative to the no distractor trials is shown at
the right. B) Target fixation latencies. Time at which the target interest area was first entered
across the no distractor, magno+parvo, and parvo-biased trial types are shown on the left,
and the Target Fixation Cost relative to the no distractor trials is shown on the right. Error
bars here represent the within-subjects standard error of the mean, calculated separately for
each group (Cousineau, 2005; Morey, 2008).
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Figure 3.
Distractor fixation frequency. Percent of trials the irrelevant distractor was fixated before the
target for each group. Error bars here represent the within-subjects standard error of the
mean, calculated separately for each group (Cousineau, 2005; Morey, 2008).

Leonard et al. Page 16

Neuropsychologia. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Leonard et al. Page 17

Table 1

Demographic information for sample. Means are shown with SEM in parentheses.

HCS
N = 26

PSZ
N = 31

Stats

Age (yrs) 42.7 (1.90) 41.0 (1.91) t(55) = 0.59, p = 0.55

Education (yrs) 14.7 (0.41) 12.3 (0.41) t(55) = 4.26 p < 0.01

Parental Education (yrs)1 12.98 (0.56) 12.96 (0.48) t(55) = 0.03, p = 0.98

Male/Female (M:F) 18:8 23:8 χ2(1) = 0.17, p = 0.68

Race (AA:W:O) 9:17:0 9:21:1 χ2(2) = 0.99, p = 0.61

1
Parental education is the average years of mother and father when both are available. Two participants in the HCS group and two participants in

the PSZ group were only able to report education information about a single parent. One participant in the PSZ group could report no parental
education information and was excluded from this analysis.
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Table 2

Accuracy (% correct) of manual response for task (standard error in parentheses).

No Distractor Magno+Parvo Parvo-biased

HCS 98.5 (0.33) 98.4 (0.25) 98.2 (0.24)

PSZ 97.6 (0.47) 97.3 (0.51) 97.6 (0.48)
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Table 3

Correlations with chlorpromazine equivalent measure.

Magno+Parvo Parvo-biased

RT Cost r = −0.03, p = 0.88 r = −0.05, p = 0.79

Target Fixation Cost r = 0.05, p = 0.77 r = 0.01, p = 0.94

Frequency of Salient Distractor Fixation r = 0.19, p = 0.28 r = 0.05, p = 0.81
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