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a b s t r a c t
Visual processing studies have repeatedly shown impairment in patients with schizophrenia compared to
healthy controls. Electroencephalography (EEG) and, speciﬁcally, visual evoked potential (VEP) studies
have identiﬁed an early marker of this impairment in the form of a decrement in the P1 component of the
VEP in patients and their clinically unaffected ﬁrst-degree relatives. Much behavioral and neuroimaging research has implicated speciﬁc dysfunction of either the subcortical magnocellular pathway or the cortical visual dorsal stream in this impairment. In this study, EEG responses were obtained to the contrast modulation
of checkerboard stimuli using the VESPA (Visual Evoked Spread Spectrum Analysis) method. This was done
for a high contrast condition and, in order to bias the stimuli towards the magnocellular pathway, a low contrast condition. Standard VEPs were also obtained using high contrast pattern reversing checkerboards. Responses were measured using high-density electrical scalp recordings in 29 individuals meeting DSM-IV
criteria for schizophrenia and in 18 control subjects. Replicating previous research, a large (Cohen's
d = 1.11) reduction in the P1 component of the VEP was seen in patients when compared with controls
with no corresponding difference in the VESPA response to high contrast stimuli. In addition, the lowcontrast VESPA displayed no difference between patients and controls. Furthermore, no differences were
seen between patients and controls for the C1 components of either the VEP or the high-contrast VESPA.
Based on the differing acquisition methods between VEP and VESPA, we discuss these results in terms of contrast gain control and the possibility of dysfunction at the cortical level with initial afferent activity into V1
along the magnocellular pathway being intact when processing is biased towards that pathway using low
contrast stimuli.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
Deﬁcits in visual processing have been widely reported in patients
with schizophrenia (Butler et al., 2008). Electrophysiological research
has provided measures of such dysfunction through the use of the
electroencephalogram (EEG). In particular, studies involving the visual evoked potential (VEP; Foxe et al., 2001; Yeap et al., 2006, 2008a,
2008b) and the steady-state visual evoked potential (SSVEP; Butler
et al., 2005; Kim et al., 2005; Krishnan et al., 2005) have consistently
demonstrated that patients with schizophrenia exhibit relatively severe deﬁcits in visual sensory processing. A number of such EEG
⁎ Corresponding author at: Trinity College Dublin, Dublin 2, Ireland. Tel.: + 353 1
896 1743; fax: + 353 1 677 2442.
E-mail addresses: edlalor@tcd.ie (E.C. Lalor), john.foxe@einstein.yu.edu (J.J. Foxe).
0920-9964/$ – see front matter © 2012 Elsevier B.V. All rights reserved.
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studies, in addition to those using functional magnetic resonance imaging (fMRI) and behavioral measures, have suggested that these deficits may be the result of dysfunction in the dorsal visual stream (Foxe
et al., 2001), with some, more speciﬁcally, attributing their results to
subcortical processing abnormalities in the magnocellular visual
pathway (Kéri et al., 2005; Schechter et al., 2005; Butler et al., 2007;
Martínez et al., 2008).
An example of how visual processing in schizophrenia can be
assessed using the VEP is seen in studies demonstrating a robust decrement in the amplitude of the occipital P1 component in patients
(Butler et al., 2001; Foxe et al., 2001; Doniger et al., 2002; Spencer
et al., 2003; Foxe et al., 2005; Schechter et al., 2005; Butler et al.,
2007; Haenschel et al., 2007). The P1 component is a positive deﬂection of the EEG wave that occurs around 100 ms post-stimulus. Scalp
topographies and source analysis have suggested that these deﬁcits

Author's personal copy
E.C. Lalor et al. / Schizophrenia Research 139 (2012) 246–252

may speciﬁcally reﬂect dysfunction of the dorsal visual stream (Foxe
et al., 2001, 2005) which receives most of its input from the magnocellular visual pathway (Livingstone and Hubel, 1988).
Furthermore, a sizeable decrement in the P1 component in clinically unaffected ﬁrst-degree relatives of schizophrenia patients
(Yeap et al., 2006), and a possible genetic basis for the observed effects (Donohoe et al., 2008; O'Donoghue et al., 2012) suggest the potential use of P1 amplitude as an endophenotypic marker for
schizophrenia (although it may be applicable more broadly to the
psychotic disorders as we have recently shown similar P1 deﬁcits in
patients with bipolar disorder; Yeap et al., 2009). Despite the fact
that the P1 deﬁcit is typically of large effect size in group studies,
the distributions of P1 amplitude within patients and controls usually
display considerable overlap (Yeap et al., 2006; Lalor et al., 2008),
which clearly restricts the utility of this measure as a diagnostic or
risk-assessment tool. Thus, it would clearly be desirable to maximize
the sensitivity of this measure through modiﬁcation of the experimental setup as a step towards a diagnostic test facilitating early detection of schizophrenia in high-risk individuals.
One candidate method for increasing the sensitivity of the P1 amplitude measure between patients and controls was recently investigated (Lalor et al., 2008). This method, known as the Visual Evoked
Spread Spectrum Analysis (VESPA), differs from the standard VEP in
that it involves estimation of the impulse response of the visual system using continuous stimuli whose contrast is stochastically modulated across many levels typically between 0 and 100%. This is usually
accomplished by assuming a linear relationship between the input
contrast modulation signal and the output EEG. The resulting VESPA
impulse response provides a measure of how changes in the input
stimulus map to changes in the EEG a certain time later with the
VESPA proﬁle typically exhibiting a robust P1 peak. Because the
VESPA exhibits a topographic scalp distribution that is distinct from
that of the VEP (Lalor et al., 2006)—likely due to the differing cell subpopulations targeted by the method—it was hoped that this stimulus
would result in a larger difference between P1 amplitudes in patients
and controls. This did not turn out to be the case with no signiﬁcant
difference in P1 amplitude being observed in the VESPA responses
for a group of patients and controls who displayed large and signiﬁcant differences in VEP P1 amplitude (Lalor et al., 2008). A number
of possible explanations for this were discussed. One suggestion was
that the lack of any difference might have been due to the high contrast of the VESPA stimulus used in the study. Because magno cells effectively saturate at high contrasts (Kaplan and Shapley, 1986), the
VESPA stimulus, which spent 98% of its time above 15% contrast,
may have preferentially activated parvocellular pathways and, thus,
may not have been sensitive to a magnocellularly-based deﬁcit. However, the lack of a low-contrast stimulus condition precluded a deﬁnitive interpretation of these results.
In the present study, we seek to repeat the experiments of our previous study, but also to perform an additional low-contrast (0–10%) VESPA
condition. Examining VESPA responses to both high and low contrast
stimuli is directly in line with the most recent recommendations from
the sixth meeting of the Cognitive Neuroscience Treatment Research to
Improve Cognition in Schizophrenia (CNTRICS; Butler et al., 2012).
These recommendations include the use of an experimental paradigm
based on (steady-state) visual evoked potentials at both high and low
contrasts to target possible differences in contrast gain control mechanisms between schizophrenia patients and controls (Butler et al., 2012).
The underlying motivation for such a paradigm relates to the aforementioned evidence that visual deﬁcits in schizophrenia may be underpinned
by magnocellular-speciﬁc dysfunction and that the magnocellular and
parvocellular pathways display markedly differing levels of contrast
gain control. With respect to our VESPA paradigm, we hypothesized
that, once again, we would ﬁnd a reduced P1 in the VEP of patients
with schizophrenia, that we would again ﬁnd no difference between patients and controls in VESPA responses to stimuli modulated between 0%
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and 100% contrast, but that we would ﬁnd differences between groups in
the VESPA responses to low contrast (0–10%) stimuli due to previous reports of differing contrast gain between groups in this range.
2. Materials and methods
2.1. Subjects
Written informed consent was obtained from 29 (7 female) patients with DSM-IV diagnosis of schizophrenia. The Ethics Committee
of the Nathan Kline Institute approved the experimental procedures.
Patients were aged 20 to 53 (mean ± SD, 35.6 ± 10.3 years) and had
a mean illness duration of 11.16 years (SD ± 8.39). These patients
had mean ± SD scores on the Positive and Negative Syndrome Scale
(PANSS) of 77.04 (±18.55) for the total score, 19.17 (±7.01) for
the positive symptom subscale, and 18.79 (±6.23) for the negative
symptom subscale. All of the patients were receiving antipsychotic
medication at the time of testing with a mean chlorpromazine equivalent dose of 1258.27 mg/day (range, 300–3754 mg/day). The types
of antipsychotics included atypicals, typicals or a combination of both.
Control subjects were recruited through local recruitment efforts
in the institute's catchment area. This group comprised 18 (6 female)
paid volunteers aged 22 to 55 years (mean ± SD, 38.6 ± 10.2 years),
all of whom reported to be free from neurological disease at the
time of testing. While we did not expect any effect of age based on
previous research (Yeap et al., 2008a), we noted that the mean age
of patients and controls did not differ signiﬁcantly (t45 = 0.94,
P = 0.34). All of the 18 controls, and 25 of the 29 patients were
right-handed as assessed by the Edinburgh Handedness Inventory
(Oldﬁeld, 1971). None of the controls were receiving any psychotropic medication at the time of testing. Also, all controls were free of
any psychiatric illness or symptoms by self-report using criteria
from the Structured Clinical Interview for DSM-III-R–Non-Patient
(SCID-NP), and all reported no history of alcohol or substance abuse.
2.2. Stimuli
For all experimental runs, the stimulus consisted of a checkerboard pattern with equal numbers of light and dark checks as in
Fig. 1. Each check subtended a visual angle of 0.65° both horizontally
and vertically, while the checkerboard as a whole subtended visual
angles of 5.25° vertically and horizontally. In all experimental runs
the checkerboard was presented in the center of a monitor with a
gray background.
VEPs were obtained by performing signal averaging time-locked
to phase reversals of this checkerboard stimulus. These pattern reversals occurred periodically at a rate of 1.25 Hz. The checkerboard used
to elicit the VEP had a contrast of 100% in terms of the range of the
monitor.
For both types of VESPA stimulus condition the refresh rate of the
monitor was set to 75 Hz and on every refresh the contrast of the
checkerboard pattern was modulated by a stochastic signal with the
mean luminance remaining constant. The stochastic signals used
had their power distributed uniformly between 0 and 35 Hz.

Fig. 1. Stimuli: the VEP was elicited using pattern reversals of a 100% (right) contrast checkerboard. The standard VESPA was elicited using 68 contrast levels ranging from 0% (left) and
100% (right) contrast. The low-contrast VESPA was elicited using 8 contrast levels between
0% (left) and 10% (center) contrast.
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2.3. Experimental procedure
Every subject underwent three VEP runs of 120 pattern reversals
each as well as three runs of 96 s duration for two different VESPA
conditions. In the ﬁrst VESPA condition, hereafter known as the “standard” condition, the checkerboard contrast ranged from 0% to 100% in
terms of the range of the monitor. The contrast range was restricted
to 0–10% in the second VESPA condition known as the “low-contrast”
condition. Subjects were instructed to maintain visual ﬁxation on the
center of the screen for the duration of each run. While abstaining
from eye-blinks was not possible given the trial lengths, subjects
were instructed to keep the number of eye-blinks to a minimum. A
different stochastic signal was used for modulating the stimulus in
each run, although each signal had the same temporal frequency
distribution.
2.4. EEG acquisition and analysis
EEG data were recorded from 72 electrode positions referenced to
the nasion, ﬁltered over the range 0–134 Hz and digitized at a rate of
512 Hz using the BioSemi Active Two system. Subsequently, the EEG
was digitally ﬁltered with a high-pass ﬁlter with passband above
2 Hz and −60 dB response at 1 Hz and a low-pass ﬁlter with
0–35 Hz passband and −50 dB response at 45 Hz.
VEPs were calculated by averaging time-locked responses to the
presentations of the display type described earlier. A time window
of 540 ms starting 120 ms pre-stimulus was used. Any epochs
where the EEG exceeded ± 100 μV were rejected, resulting in a
mean rejection rate of ~1%.
The VESPA is an estimate of the linear impulse response of the visual
system (Lalor et al., 2006). It is based on the assumption that the EEG response to a stimulus, whose luminance or contrast is rapidly modulated
by a stochastic signal, consists of a convolution of that signal with an unknown impulse response. Given the known stimulus signal and the
measured EEG, this impulse response, i.e., the VESPA, can be estimated
using the method of linear least squares. This explicit assumption of a
linear relationship between stimulus contrast and EEG activity exactly
implies that the VESPA should be exquisitely sensitive to any differences between patients and controls in terms of contrast gain control.
More speciﬁcally, the VESPA should show marked differences between
groups if those groups differ in the steepness of their contrast response
functions at low contrasts as has been reported previously (Butler et al.,
2007).
In the present study, as is typical, VESPAs were measured using a
sliding window of 500 ms of data starting 100 ms pre-stimulus for
both conditions. Both VEPs and VESPAs were baseline corrected by
subtracting the mean of the interval − 100 to 0 ms from the average
response for each subject.
Given that the topography of the VEP P1 component differs from
that of the VESPA (Lalor et al., 2006, 2008), we elected not to restrict
our analysis to just one electrode. Rather we chose to assess the
power of the P1 across the posterior scalp. We did this using a measure known as Global Field Power (GFP; Lehmann and Skrandies,
1980). The GFP represents the standard deviation of all electrode potentials at a given time and thus can be considered a reference-free
quantiﬁcation of response power over the scalp that is expressible
in μV. In fact, because we were particularly interested in the posterior
scalp, we adapted the GFP by calculating it just using the 29 electrodes posterior to the coronal central curve (i.e., posterior to Cz,
C2, C3, etc.).

based on two hypothetical contrast response curves (Fig. 2a; curves
loosely based on Figure 4 from Butler et al., 2007). Speciﬁcally, we
generated a random Gaussian “contrast modulation” signal exactly
like those used in our VESPA experiments. We used this signal to generate two simulated EEG traces by convolving the contrast modulation signal with a hypothetical VESPA response, where the response
was scaled at each contrast level according to each of the two contrast
response curves shown in Fig. 2a. We then retrieved the impulse response function using our standard linear VESPA analysis. As can be
seen in Fig. 2b, the VESPA response based on the “patient” curve is
signiﬁcantly smaller than that based on the “control” curve.
The observed data in the present study in no way resemble these simulations. Fig. 3 shows the GFP (over the posterior 29 electrodes) of the
grand average VEP, standard VESPA and low-contrast VESPA for both
the control group and the patients. Deﬁning the P1 component as the average amplitude in an interval around the major peak of the group average for each response (95–125 ms for the VEP and standard VESPA and
85–115 ms for the low-contrast VESPA; Fig. 3), we ﬁrst conducted a
two-way 2×3 mixed ANOVA with factors of group (controls, patients)
and response (VEP, VESPA, low-contrast VESPA). There was a signiﬁcant
main effect of response (F(2, 90)=34.34, pb 0.0001) which simply reﬂects differences in response magnitudes between the three methods
(see Fig. 3). More importantly, an interaction was found between group
and response (F(2, 90)=9.19, p=0.0002). As can be seen in Fig. 3, this
was driven by a much larger relative difference in P1 amplitudes between
patients and controls for the VEP than for either of the VESPA responses.
This difference also drove a main effect of group, F(1,45)=10.72,
p=0.0013.
To examine the interaction between group and method further,
post-hoc t-tests were carried out for each response separately. We
used the aforementioned P1 magnitude, as the dependent measure.
A signiﬁcant difference was found between groups for the VEP
(t = 3.6; p = 0.0007) whereas no differences were found between
groups for the standard VESPA (t = 0.46, p = 0.65) or the lowcontrast VESPA (t = − 0.19, p = 0.85). A Cohen's d effect size was

3. Results
In order to demonstrate our aforementioned contention that the
VESPA should be sensitive to group difference in contrast gain at
low frequencies, we ﬁrst derived VESPA responses to simulated EEG

Fig. 2. (a): Hypothetical contrast response curves for controls and patients based on Fig. 4 of
Butler et al. (2007). (b): Simulated VESPA responses obtained using the assumption of a linear relationship between contrast and EEG when the simulated EEG was generated using the
nonlinear hypothetical contrast response curves shown in (a).
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In addition, despite the fact that the study was aimed at assessing
visual deﬁcits in patients during the P1 timeframe, we also chose to
investigate potential differences in C1 amplitude which have previously been reported to differ between groups (Butler et al., 2007).
We did this by conducting a t-test between patients and controls on
GFP amplitude during the interval 70–95 ms for both the VEP and
the standard VESPA. No signiﬁcant differences were observed (VEP:
t = 0.81, p = 0.42; VESPA: t = 0.4, p = 0.69). It should be noted that
our stimuli were not optimized for evoking large C1 components
from each individual subject (e.g., see Kelly et al., 2008).
Fig. 4 represents a scatter plot showing how the magnitude of the
P1 component is distributed within the control and patients groups
for all three methods. The mean values for each group and response
are denoted in red with the overlap between distributions being apparent for all methods including the VEP. Another representation of
this overlap for the VEP P1 can be seen in the receiver operating characteristic in Fig. 5.
4. Discussion

Fig. 3. Global ﬁeld power of the pattern reverse VEP, the standard VESPA and the lowcontrast VESPA for controls and patients for both methods averaged over 29 electrode
locations posterior to the central midline. The vertical gray lines indicate the time intervals used to test for statistical differences in response peaks (see Results).

calculated for the VEP P1 and found to be 1.11, which is considered a
large effect size (i.e., >0.8; Cohen, 1988). In order to assess the statistical validity of our null ﬁnding for the standard and low-contrast
VESPA we conducted a post-hoc power analysis using the G*Power
software package (Faul et al., 2007). Speciﬁcally we calculated the
power of our independent two-sample t-test to detect a difference
between patients (n = 29) and controls (n = 18) at the alpha = 0.05
level. Because we did not want to necessarily assume that, say, the
low-contrast VESPA would be smaller for patients than for controls
(as was the case for the VEP), we did this for a two-tailed t-test.
Given the hypothesis underlying the study—that contrast gain at
low contrasts is markedly different between patients and controls—
we might have expected an effect size larger than that seen with
the VEP (i.e., 1.11) for our low-contrast VESPA. Being more conservative than this, we conducted our power analysis at the minimum
value considered to be large, i.e., d = 0.8. This gave us a power value
of 0.74 which implies a probability of falsely accepting the null hypothesis of 0.26. This value, considered in light of the lack of an effect
on the full contrast VESPA in the same cohort (as well as in our previous study) gives us conﬁdence that our lack of a difference between
patients and controls is meaningful.
Based on visual inspection of the GFP timecourse for the standard
VESPA responses we also elected to conduct a t-test to assess differences between patients and controls in the interval 160–195 ms. No
signiﬁcant difference was observed (t = 0.35, p = 0.72), in line with
previous results (Lalor et al., 2008).

As in our previous study (Lalor et al., 2008), we have shown a difference in the sensitivities of the VEP and VESPA for detecting deﬁcits
in early visual processing in patients with schizophrenia. Speciﬁcally,
a reduced P1 component was observed for schizophrenia patients
when assessed using the transient VEP, while no difference in P1
component amplitude was seen when using the standard VESPA. In
addition, when using a low-contrast VESPA stimulus to obtain responses biased toward the magnocellular pathway, we again see no
difference in the amplitude of the response. Given that magnocellular
pathway dysfunction has been suggested as a factor underpinning
early visual deﬁcits in schizophrenia (Kéri et al., 2005; Butler et al.,
2007; Martínez et al., 2008), and that the contrast response curves
of patients and controls have been shown to differ at low contrasts
(Butler et al., 2007), we discuss here a number of possible reasons
for the lack of a deﬁcit in the VESPA in general and the low-contrast
VESPA in particular.
Perhaps the most likely reason for the discrepancy in patientcontrol comparisons when using the VEP versus the VESPA is that
the two responses are determined using different stimuli and different analysis methods. Unlike the VEP which is obtained by averaging
responses to discrete stimuli, the VESPA (as used here) explicitly assumes a linear relationship between the stochastic modulation of
contrast and the concurrently recorded EEG. Such a VESPA is likely
to reﬂect largely the activity of visual cortical cells that modulate
their activity in a relatively linear manner in response to contrast
change across the range of contrasts that we employed. As discussed
elsewhere (Murphy et al., 2012), this is most likely to be true for cells
in the early visual system.

Fig. 4. Scatter plot, showing the distribution of the mean value of the P1 component in
the interval 95–125 ms for the VEP and standard VESPA and in the interval 85–115 ms
for the low-contrast VESPA for all control subjects and patients. The P1 amplitude was
based on the global ﬁeld power of the most posterior 29 electrodes.
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Fig. 5. Receiver operating characteristic plotting the rate of true positives versus false
positives when classifying subjects as “controls” on the basis of their P1 amplitude.

In fact, two recent studies from our group have shown that the
VESPA is likely dominated by activity in very early retinotopic visual
cortex. The ﬁrst study showed that both the C1 and P1 components
of the VESPA reverse in polarity for lower and upper-hemiﬁeld stimuli and are well accounted for by source models consisting of dipoles
in calcarine cortex (Lalor et al., 2012). The second study built on this
ﬁnding by showing that the VEP C1 and VESPA C1 amplitudes are
highly correlated across subjects and that the amplitudes of both
the VEP C1 and VESPA C1 are highly correlated with the VESPA P1
amplitude across subjects (Murphy et al., 2012). Using the smaller
data set in the present study we conducted a similar analysis and
found the same result: namely that the amplitude (as deﬁned
above) of the VEP C1 was signiﬁcantly correlated with that of the
VESPA C1 (Pearson's r = 0.29; p = 0.045) and the VESPA P1 (Pearson's
r = 0.38; p = 0.009) across all subjects. Given that the VEP C1 is widely considered to reﬂect activity generated within early retinotopic visual cortex, especially V1 (Clark et al., 1995; Di Russo et al., 2001;
Foxe and Simpson, 2002; Di Russo et al., 2005; Kelly et al., 2008,
2012), we infer a similarly early cortical origin for both VESPA components. Murphy et al. (2012) also showed no correlation between the
amplitude of the VEP P1 and either the VESPA P1 or the VEP C1.
This lack of correlation, in addition to the fact that the VEP P1 has a
much more widespread scalp distribution than any of the other
three components mentioned (Lalor et al., 2006; Murphy et al.,
2012), suggests that the underlying generators of the VEP P1 are
more varied and widespread (see Murphy et al., 2012, for further
discussion).
This notion of more varied contributions to the VEP P1 is in line
with the fact that multiple visual areas are active concurrently at relatively short latencies following the presentation of a discrete stimulus (Schroeder et al., 1998), which necessarily results in temporally
and spatially overlapping cortical generators. Using VEP data in
humans, it has been suggested that multiple visual areas are active
within as little as 10–15 ms of the onset of the C1, with dorsolateral
frontal cortex being active within just 30 ms (Foxe and Simpson,
2002). Evidence of multiple contributions to the P1 component in
particular can be seen in papers utilizing source analysis to determine
the neural generators of the VEP (Di Russo et al., 2001, 2005), including those comparing the P1 generators in controls and patients with
schizophrenia (Yeap et al., 2006). These studies posit the existence
of a number of components that occur around the time frame of the
P1. Among these are positive components whose activities are well
accounted for by models comprising neural generators in dorsal

extrastriate cortex of the middle occipital gyrus (Di Russo et al.,
2001; onset VEP) and in area MT/V5 (Di Russo et al., 2005; pattern reversal VEP). This link between the VEP P1 and dorsal stream processing is particularly interesting with regard to our VESPA results, given
previous reports of the speciﬁc involvement of dorsal stream processing in the reduced VEP P1 effect in schizophrenia (Foxe et al., 2001;
Doniger et al., 2002; Sehatpour et al., 2010). In particular, it may be
the case that the differences we see in the VEP P1 of schizophrenia patients are due to dysfunction of these extrastriate dorsal stream contributions or due to impairments in connectivity between V1 and the
dorsal stream. This latter possibility cannot be overlooked given discussions in recent years that the pathophysiology of schizophrenia
may be the result of a distributed impairment involving many cortical
areas and their connectivity (Uhlhaas and Singer, 2010). The (contrast) VESPA, which appears to be dominated by activity in early
retinotopic cortex, is probably not sensitive to activity in these dorsal
stream areas, and thus would not be sensitive to any such dysfunction
in patients. This applies equally to the low-contrast VESPA. The fact
that neither the VEP C1 nor the VESPA C1 showed any difference between groups also supports the idea that the deﬁcit may arise in
extrastriate cortex given that both of these components have been
suggested to arise in very early visual cortex.
Having suggested this, it is not immediately obvious how to reconcile our results with those studies that posit dysfunction of the subcortical magnocellular pathway (Schechter et al., 2005; Butler et al.,
2007; Martínez et al., 2008). While we have shown no differences between patients and controls in early cortical responses to low contrast
stimuli, a number of studies using such stimuli have shown reduced
VEP P1 components in patients and have concluded that these effects
originate subcortically (Schechter et al., 2005; Butler et al., 2007).
While this notion has received a measure of support from structural
studies using diffusion tensor imaging (DTI; Butler et al., 2006), it
should be noted that these studies showed no signiﬁcant difference
in the C1 component to low contrast stimuli and, thus, our argument
that the P1 reduction arises as a result of a dysfunctional extrastriate
generator is not necessarily incompatible with these previous ERP results. Having said that, previous research has suggested that the C1
component may be dominated by parvocellular activity (see Foxe et
al., 2008), so it remains a possibility that initial afferents to V1
through the subcortical magnocellular pathway are reﬂected in a reduced VEP P1. However, the lack of any effect on our low-contrast
early cortical VESPA calls this into question. Finally, we note that reduced VEP C1 amplitudes have previously been reported in patients
using high contrast stimuli (Schechter et al., 2005) which would be
compatible with a subcortical deﬁcit. The reason for the discrepancy
between that result and our VEP C1 is not immediately apparent; although the authors of that study did point out that their C1 effect did
not survive covariation for acuity.
The results of our study also run counter to what one would predict
based on the previously published visual contrast response curves of
patients and controls (Butler et al., 2005, 2007; see Fig. 2). In one of
those studies (Butler et al., 2005), the contrast response curves were
ﬁt on the basis of SSVEPs which likely contain contributions from extrastriate visual areas (Srinivasan et al., 2006; Di Russo et al., 2007;
Lauritzen et al., 2010), and so differences in those curves do not necessarily indicate subcortical differences between groups. In the other
study (Butler et al., 2007), separate sets of curves were ﬁt using the amplitudes of several components. All of these curves showed differences
between groups. However, as already mentioned, the P1 component
(and the later N1) must contain extrastriate contributions. Also, the
C1 component in this study occurred later than the P1, which implies
that it was evoked after the initial volley into V1 and, thus, extrastriate
contributions cannot be ruled out. As such, none of these sets of curves
conclusively proves groups differences in contrast gain at the subcortical level and so neither of these reports is incompatible with our
ﬁndings.
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Stronger evidence for subcortical magnocellular dysfunction
comes from utilizing stimuli with low spatial frequency. This results
in an almost complete obliteration of the VEP in patients, including
the earliest activity on the scalp (i.e., the C1; Butler et al., 2007),
and is in line with the fact that the magnocellular pathway responds
preferentially to low spatial frequency stimuli, whereas the
parvocellular pathway is thought to dominate processing of high spatial frequencies (Merigan and Maunsell, 1993). While we have argued
elsewhere that using low-contrast stimuli likely gives rise to responses dominated by activity from the magnocellular pathway
(Lalor and Foxe, 2009, 2010), more work remains to be done to determine the reasons for the differing results obtained when using contrast manipulations versus spatial frequency manipulations (see
Butler et al., 2007). The VESPA may have a role to play in examining
these differences (Lalor et al., 2009).
Finally, although discussed before (Lalor et al., 2008), it is worth
reiterating two other possible explanations for the different results
obtained using the VEP and both the low and high contrast VESPAs.
The ﬁrst revolves around the linear assumption inherent to the
VESPA. This assumption renders the VESPA insensitive to nonlinear
processing in the magnocellular pathway, which is a feature of that
pathway that has been highlighted in previous studies of visual differences between patients and controls (Kim et al., 2005). While this
issue remains to be fully resolved, the simulations presented in the
present paper clearly show that, even with the linear assumption,
the VESPA should be sensitive to between group differences in the
contrast response curves of early visual areas. The second explanation
concerns the generative mechanisms of the transient VEP, and in particular, the possibility that phase-resetting of ongoing neural oscillations may contribute more to the VEP than it does to the continuous
VESPA. As discussed elsewhere, we remain skeptical about this explanation (Murphy et al., 2012).
In summary, we have once again shown a discrepancy between
the VEP and VESPA when comparing responses from healthy controls
to those of patients with schizophrenia. In addition we have seen that
this discrepancy exists even when using a low-contrast VESPA stimulus biased towards the magnocellular pathway. We have posited a
number of possible reasons for this, including higher visual cortex
contributions to the VEP.
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