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Abstract

A number of studies show deficits in early-stage visual processing in schizophrenia. Deficits are also seen at more complex levels,
such as ability to discriminate faces. This study investigated the “face inversion” effect, which reflects intrinsic cortical processing
within the ventral visual stream, as well as contrast sensitivity, which reflects low-level visual processing, in order to evaluate integrity
of specific stages of face processing in schizophrenia. Patients with schizophrenia and controls discriminated between pairs of upright
or inverted faces or houses that had been manipulated to differ in the shape of the parts or the spatial distance among parts. The
duration threshold for above chance performance on upright stimuli was obtained for patients using a house discrimination task.
Contrast sensitivity was assessed for gratings of three spatial frequencies ranging from 0.5 to 21 cycles/degree. Patients needed
significantly longer time to obtain 70% correct for upright stimuli and showed decreased contrast sensitivity. Increased duration
threshold correlated with reduced contrast sensitivity to low (magnocellular-biased) but not medium or high spatial frequency stimuli.
Using increased durations, patients showed significant inversion effects that were equivalent to those of controls on the face part and
spacing tasks. Like controls, patients did not show inversion effects on the house tasks. These findings show that patients have
difficulty integrating visual information as shown by increased duration thresholds. However, when faces were presented at these
longer duration thresholds, patients showed the same relative processing ability for upright vs. inverted faces as controls, suggesting
preserved intrinsic processing within cortical face processing regions. Similar inversion effects for face part and spacing for both
groups suggest that they are using the same holistic face processing mechanism.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Schizophrenia is associated with deficits in visual
processing that represent a key feature of the disorder.
Deficits are observed at both relatively basic levels of
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visual processing, such as the ability to discriminate
gratings or detect contrast and motion (Butler et al.,
2005; Chen et al., 1999; Slaghuis, 1998), as well as at
more complex levels, such as the ability to discriminate
faces (Addington and Addington, 1998; Kerr and Neale,
1993). The functional anatomy of such deficits remains
an area of active investigation. The present study uses a
phenomenon termed the “face inversion” effect to
evaluate integrity of specific stages of face processing
in schizophrenia.

Visual systems begin in the retina and project through
lateral geniculate nucleus to cortex. At subcortical levels,
visual systems are segregated into discrete magno- and
parvocellular systems. Magnocellular neurons project
predominantly to layers 4Cα and 4B of primary visual
cortex (V1) while parvocellular neurons project pre-
dominantly to 4Cβ and superficial layers of V1. These
subcortical pathways are differentiated based upon their
anatomy and responsiveness to specific physical features
such as contrast or spatial frequency (Kaplan, 2003).
Deficits in early visual processing in patients with
schizophrenia have been extensively documented over
recent years (Dakin et al., 2005; Doniger et al., 2002;
Krishnan et al., 2005; Spencer et al., 2003), particularly
with regard to magnocellular processing (Butler et al.,
Fig. 1. Face and house stimuli that were used. Face and house stimuli wer
manipulated so that the shapes of the parts (eyes and mouth for faces, window
the same or the spacing between parts was changed but the shape of the par
2007; Butler et al., 2005; Keri et al., 2004; Slaghuis and
Bishop, 2001).

At cortical levels, visual systems are segregated into
dorsal and ventral visual streams. Magnocellular-reci-
pient layers of V1 project preferentially, but not
exclusively, to the dorsal visual pathway, which pro-
cesses location and motion and guides visual attention.
Parvocellular-recipient layers of V1 project preferen-
tially to the ventral visual pathway (Lund, 1973;Merigan
and Maunsell, 1993; Schroeder et al., 1998), which
includes the fusiform face area (FFA). Ventral areas are
involved with face and object identification. Significant
interactions occur between these systems. In particular,
information transfer through the magnocellular pathway
and dorsal stream is faster than through the parvocellular
pathway and ventral stream (Schroeder et al., 1998).
Thus, information transmitted through the dorsal stream
can enter and “prime” ventral stream areas. Significant
deficits in schizophrenia have been observed on tasks
that tap dorsal stream function, like motion detection
(Brenner et al., 2003; Chen et al., 1999), as well as
ventral stream processing, such as perceptual closure
(Doniger et al., 2002). It has yet to be determined,
however, whether visual cortical processing is impaired
because of intrinsic dysfunction within dorsal or ventral
e closely matched for difficulty. An image of a face or a house was
s and doors for houses) differed but the spacing between parts remained
ts remained the same.



Table 1
Demographic and clinical characteristics of healthy control and patient
populations

Demographic/clinical criteria Controls (n=32) Patients (n=26)

Age 36.6±1.7 36.2±1.9
Gender (M/F) 22/10* 24/2
Chlorpromazine daily

equivalent, mg
1170±102.3

Antipsychotics
Atypical 22
Typical 0
Both 4

Parental socioeconomic
status

44.5±2.2 (n=31) 38.4±3.7
(n=19)

IQ (Quick test) score 111.4±1.9**
(n=27)

99.7±1.9
(n=24)

BPRS total score 42.1±2.5
SANS total score (including

global scores)
38.5±2.6

Duration of illness (years) 17.0±1.8

Values are mean±SEM. Numbers of subjects per group are noted
when there is missing data. Socioeconomic status was measured by the
4-factor Hollingshead Scale (Hollingshead, 1975); IQ was measured
with the Quick test (Ammons and Ammons, 1962).
Abbreviations: M, male; F, female; BPRS, Brief Psychiatric Rating
Scale (Overall and Gorham, 1962); SANS, Scale for the Assessment of
Negative Symptoms (Andreasen, 1984).
Atypical antipsychotics included risperidone, clozapine, olanzapine,
quetiapine, and aripiprazole. Typical antipsychotics included haloper-
idol, haloperidol decanoate, and fluphenazine.
*pb0.05; **pb0.001.

285P.D. Butler et al. / Schizophrenia Research 103 (2008) 283–292
stream cortical regions, or because of impaired input
from subcortical visual systems (Butler et al., 2007).

The present study evaluates integrity of cortical
visual processing using the “face inversion” effect, or
the advantage for recognizing upright vs. inverted faces
but not other objects (Yin, 1969). The advantage for
processing upright vs. inverted faces is thought to be due
to engagement of the fusiform face area (FFA), since the
behavioral face inversion effect is correlated with the
neural face inversion effect in the FFA only (not other
face processing regions) and the FFA also shows
differential sensitivity to upright vs. inverted faces
(Yovel and Kanwisher, 2005). The advantage for upright
vs. inverted faces thus may probe integrity of FFA
functioning in individuals with schizophrenia vs.
controls. Recent studies suggest that inversion effects
are similar whether faces differ because of changes in
specific parts or spacing between parts (Fig. 1),
supporting theories that faces are processed holistically
(i.e., face parts are processed interactively instead of
independently) (Farah et al., 1998; Yovel and Kanw-
isher, 2004). The present paradigm permits evaluation of
these processes in patients. The paradigm also includes a
non-face task (houses) that is psychometrically matched
to the face task (Yovel and Kanwisher, 2004), permitting
assessment of whether inversion effects in patients, like
controls, are specific to the domain of faces.

In addition to indices of face/object processing,
measures were collected that assessed integrity of visual
function. These included first, the stimulus duration
required for subjects to perform at threshold for object
detection and second, contrast sensitivity for magnocel-
lular-biased (low spatial frequency) and parvocellular-
biased (medium/high spatial frequency) sine wave
gratings. Relationships between duration threshold and
contrast sensitivity were assessed to determine whether
increased durations were related to deficits in visual
pathway function. This study tests the hypothesis that
the face inversion effect, which reflects intrinsic cortical
processing within the ventral stream (Yovel and
Kanwisher, 2005), will be normal in schizophrenia
once visual input impairments in schizophrenia have
been corrected for by increasing duration of presentation
of face stimuli.

2. Experimental methods

2.1. Participants

Twenty-six patients meeting DSM-IV criteria for
schizophrenia (n=21) or schizoaffective disorder (n=5)
at inpatient and outpatient facilities associated with the
Nathan Kline Institute and 32 controls participated
(n=26 for contrast sensitivity). Diagnoses were obtained
using the Structured Clinical Interview for DSM-IV
(SCID) and all available clinical information (First et al.,
1977). Controls with a history of SCID-defined Axis I
psychiatric disorder were excluded. Participants were
excluded if they had any neurological or ophthalmologic
disorders that might affect performance or met criteria
for alcohol or substance dependence within the last six
months or abuse within the last month. All patients were
receiving antipsychotic medications at the time of
testing. Clinical and demographic information are
included in Table 1. The relatively high scores on
symptom ratings and long duration of illness reflect
patients with long-standing illness who are currently
symptomatic, many of whom have negative symptoms.
All patients were inpatients, with the exception of two
outpatients. The patient and control groups did not differ
significantly in age (t(56)=0.2; p=0.87) or parental
socioeconomic status (t(48)=1.5, p=0.13), although
they did differ significantly on IQ (t(49)=4.4, pb0.001)
and gender ratio (Fisher's exact test, p=0.05). All
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participants had at least 20/32 corrected visual acuity on
the Logarithmic Visual Acuity Chart. After complete
description of the study to the subjects, written informed
consent was obtained.

2.2. Stimuli

Stimuli and procedure were the same as that of Yovel
and Kanwisher (2004). Based on one face and one
house, part and spacing sets were created resulting in
four faces that differed from the original by using
different eyes and mouths, four that differed in the
spacing of the eyes and mouth, four houses that differed
from the original by using different windows and doors,
and four that differed in spacing of the windows and
door (Fig. 1). Spacing among the parts was determined
in pilot studies to yield similar performance levels
across the faces and houses and the spacing and part
tasks (4–5 pixels for faces and ∼15 pixels for houses).
The viewing distance was 45 cm. The faces subtended
5.7×8.9° of visual angle and the houses subtended
7.6×8.9° of visual angle.

2.3. Procedure

There were four separate conditions: upright face,
inverted face, upright house, inverted house. Following
a 500 ms fixation dot, the first and second stimuli were
presented for the same duration separated by a 1000 ms
inter-stimulus interval. Participants said “same” or
“different.” Each condition included a total of 80
randomized part and spacing trials, half of which
contained pairs of non-matching stimuli and half
contained pairs of the same repeated stimuli.

The upright house or face condition was presented
before the inverted condition for all subjects. For control
subjects, the order of stimuli (house/face) was counter-
balanced with an exposure duration of 250 ms for all
stimuli. This duration was chosen, based on previous
pilot work in controls to yield performance levels that
were not at ceiling or floor (about 75–80% correct) for
the faces and houses. However, all patients performed
the house conditions before the face conditions. Expo-
sure duration was manipulated to increase patients'
performance on either the upright house part or spacing
task to at least 70% so that an inversion effect (if pre-
sent) would be detected. Patients were initially shown
upright houses for 250 ms. Exposure duration was in-
creased in increments of 250 ms until 70% accuracy was
achieved on one of the upright house tasks. That expo-
sure duration was then used for all four conditions for
that patient.
2.4. Contrast sensitivity

Spatial contrast sensitivity functions were obtained as
previously described (Butler et al., 2005). Horizontal
sine wave gratings were presented for 500ms at 0.5, 7, or
21 cycles/degree on one half (either the right or left side)
of a visual display, with the other side having a uniform
field of equal space average luminance to the pattern
field. The grating and uniform fields were presented
simultaneously. The viewing distance was 160 cm and
the gratings and uniform field together subtended
5.7×5.7° of visual angle. Participants stated which side
of the display contained the grating. Contrast was varied
across trials using an up-and-down transformed response
method to determine contrast sensitivity (the reciprocal
of threshold) associated with 70.7% correct responses for
each spatial frequency. Contrast was changed in 3 dB
steps for each correct or incorrect response until two
errors were made. Then the up-down transformed
response rule began and contrast was changed in
1.5 dB steps. The mean of 10 reversals was used.

2.5. Statistical analysis

Percent correct performance was calculated based on
80 trials for each condition when results from part and
spacing tasks were analyzed together (Sections 3.2 and
3.3 below). When part and spacing tasks were analyzed
separately, percent correct performance was based on 40
trials for each task (Section 3.4). Between group
differences were assessed with rmANOVAs. Gender
was used as a covariate. Adding IQ as a covariate, which
was also significantly different between groups, did not
change the results. However, IQ scores were missing for
some participants, so analyses are presented with only
gender covaried so that all participants could be
included. Non-parametric statistics (Mann–Whitney U
test, Spearman's rank correlation) were used for analyses
involving exposure time since this variable was not
normally distributed.

3. Results

3.1. Exposure duration

Exposure duration results are shown in Fig. 2. All
controls were able to perform at 70% or greater accuracy
on the upright house task with a duration of 250 ms. In
contrast, patients required a duration (mean±SEM) of
375±37.3 ms (range: 250–750 ms) to obtain 70% correct
on the upright house task leading to a significant between
group difference (Mann Whitney U: Z=−3.6, pb .001).



Fig. 2. Exposure durations necessary to obtain at least 70% correct
performance on either the upright house part or spacing task so that an
inversion effect (if present) could be detected.
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3.2. Relative performance to upright houses vs. faces

Fig. 3 shows percent correct performance for house
and face stimuli. A 2 Group (Patients, Controls)×2
Stimulus (Upright Face, Upright House) rmANOVAwas
usedwith percent correct as the dependentmeasure. There
was a significant main effect of Group (F(1,55)=11.1;
p=0.002), indicating that overall performance levels for
upright faces and houses were lower in patients than
controls even despite the duration titration. This indicates
overall reduced accuracy in processing visual information
independent of stimulus type. In the stimulus set used in
this study, upright face and house stimuli had previously
been matched for discrimination difficulty in controls
(Yovel and Kanwisher, 2004). There was a significant
Fig. 3. Percent correct performance for upright and inverted face and
house stimuli. T tests showed that patients performed significantly
worse than controls on the face upright (t(56)=3.9, pb0.001), face
inverted (t(56)=3.0, p=0.004), house upright (t(56)=2.6, p=0.01),
and house inverted (t(56)=4.5, pb0.001) conditions. *p=0.01;
** pb0.005.
main effect of Stimulus (F(1,56)=8.9; p=0.004), indicat-
ing that accuracywas greater for upright houses than faces
across groups, although performance on upright houses
and faces did not differ when only controls were
considered (t(31)=1.6; p=0.12). Further, upright perfor-
mance was in a sensitive range (i.e., not at floor or ceiling)
for both groups for both stimulus types (Fig. 3). Patients
showed no differential difficulty in processing faces vs.
houses, as reflected in a non-significant Group×Stimulus
interaction (F(1,56)=1.6; p=0.2).

3.3. Inversion effects for face and house stimuli

Fig. 4 shows inversion effects for face and house
stimuli. Inversion effects (% correct upright–% correct
inverted) were calculated based on data presented in Fig. 3
in order to specifically investigate the inversion effect. A 2
Group (Patients, Controls)×2 Stimulus (Inversion Effect
for House, Inversion Effect for Face) rmANOVA was
used with inversion effect as dependent measure. As
predicted, there was no significant main effect of Group
(F(1,55)=0.07; p=0.8), indicating that patients were as
affected by inversion as controls. A between group t-test
showed that patients were as affected by inversion as
controls for face stimuli (t(56)=0.5; p=0.6). There was a
highly significant main effect of Stimulus (F(1,56)=44.6;
pb0.001), indicating significant inversion effects in both
groups to faces but not houses. Using data from Fig. 3,
within group matched pair t-tests showed that both
patients and controls had higher accuracy for upright vs.
inverted faces (controls: t(31)=6.5; pb0.001; patients:
t(25)=4.07; pb0.001), whereas performance for upright
vs. inverted houses was similar within each group
(controls: t(31)=1.9; p=0.07; patients: t(25)=0.6;
p=0.5). The Stimulus×Group interaction was also non-
Fig. 4. Inversion effects (upright–inverted) for face and house stimuli.



Fig. 5. Inversion effects (upright–inverted) for face part and face
spacing tasks.
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significant (F(1,56)=2.2; p=0.14), indicating similar
differential face vs. house inversion effects across groups.

3.4. Relative performance to stimuli differing in spacing
vs. parts

The stimulus set used in this study was designed to
yield similar performance for stimuli that differed in
spacing vs. parts (Yovel andKanwisher, 2004), permitting
assessment of processes specific for parts or spacing
between parts vs. holistic processes. Fig. 5 shows
inversion effects for face part and face spacing tasks. A
2Group (Patients, Controls)×2 Task (Inversion Effect for
Face Part, Inversion Effect for Face Spacing) rmANOVA
Fig. 6. A: Contrast sensitivity for patients compared to controls. B: Longe
sensitivity for the magnocellular-biased low spatial frequency 0.5 cycles/deg
(rs=−0.51, n=26, p=0.008). **p≤0.005.
was used with inversion effect (% correct upright–%
correct inverted) as dependent measure. There was no
significant main effect of Group (F(1,55)=0.5, p=0.5),
indicating similar face inversion effects for both groups. A
one-way t-test of inversion effects vs. zero showed
significant inversion effects for both groups on the face
part (controls: t(31)=4.5; pb0.001; patients: t(25)=3.5;
p=0.002) and face spacing (controls: t(31) =5.7;
pb0.001; patients: t(25)=3.8; p=0.001) tasks. Further,
inversion effects were similar for part and spacing
tasks, as shown by a non-significant main effect of Task
(F(1,56)=1.2; p=0.28). Within group paired t-tests
showed that face inversion effects did not differ for part
vs. spacing tasks within each group (controls: t(31)=0.9;
p=0.4; patients: t(25)=0.7; p=0.5). The similar inversion
effects on part and spacing tasks indicate that mechanisms
of face perception are stimulus specific for faces rather
than process specific for spacing or parts and that a holistic
process is being used. There was also no significant
interaction between Group and Task (F(1,56)= .03;
p=.85).

3.5. Contrast sensitivity

Basic visual processing was assessed using contrast
sensitivity to low, medium and high spatial frequency
sine wave gratings (Fig. 6A). A 2 Group (Patients,
Controls)×3 Spatial Frequencies (0.5, 7, 21 cycles/
degree) rmANOVA was performed with contrast sensi-
tivity as the dependent variable. There were significant
main effects of Group (F(1/49)=19.6; pb0.001), Spatial
frequency (F(2/49)=304.1; pb0.001), and a significant
Group×Spatial frequency interaction (F(2/49)=6.9;
r exposure durations were significantly related to decreased contrast
ree 500 ms contrast sensitivity condition in patients with schizophrenia
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p=0.002). Post-hoc analyses of the main effect of Group
showed that patients had impaired contrast sensitivity
compared to controls (n=26) at 0.5 (t(50) = 2.9;
p=0.005), 7 (t(50)=3.4; p=0.001) and 21 (t(50)=3.5;
p=0.002) cycles/degree.

3.6. Correlations

3.6.1. Contrast sensitivity
A significant correlation was found between exposure

duration necessary to obtain 70% correct performance on
one of the upright house tasks and contrast sensitivity for
the magnocellular-biased low spatial frequency
(0.5 cycles/degree 500 ms) condition (rs=−0.51, n=26,
p=0.008) (Fig. 6B). This correlation was not found at
either 7 (rs=0.09, n=26, p=0.64) or 21 (rs=−0.09,
n=26, p=0.66) cycles/degree.

3.6.2. Medication
There were no significant correlations between

medication dose and performance on any of the tasks or
on the inversion effects (range of correlations: r=0.01,
p=0.95 to r=−0.27; p=0.2).

4. Discussion

Deficits in face processing are a well-established
feature of schizophrenia. Although such deficits have
been documented most comprehensively with regard to
face emotion processing (Kerr and Neale, 1993; Kohler
et al., 2000), deficits have been documented as well in
processing of other face characteristics — such as
unfamiliarity, identity or age (Addington and Addington,
1998; Kerr and Neale, 1993; Kohler et al., 2000; Sachs
et al., 2004) — as well as for processing of non-face
objects (Doniger et al., 2002; Saccuzzo and Braff, 1986).
An initial finding of this study is that patients, as a group,
needed substantially more time than controls — 375 vs.
250 ms — to perform at 70% correct in our object
discrimination task. Reduced contrast sensitivity was also
found across all spatial frequencies. Within patients,
increased duration threshold needed to perform at 70%
correct on the object discrimination task correlated with
reduced contrast sensitivity to low (magnocellular-
biased), but not medium or high spatial frequency
stimuli, suggesting that the increased duration thresholds
may be due to magnocellular dysfunction within this
group. The finding of an elevated critical duration for
house discrimination in schizophrenia echoes well-
established findings of elevated duration thresholds for
more primitive objects (Slaghuis and Bakker, 1995) or
letters (Saccuzzo and Braff, 1986). Deficits in contrast
sensitivity have also been seen in other studies of
schizophrenia (Butler et al., 2005; Keri et al., 2002;
Slaghuis, 1998). The contrast sensitivity findings as well
as prolonged duration for same/different discrmination of
objects confirm earlier findings of impaired early visual
processing in schizophrenia (Butler et al., 2007; Butler
et al., 2005; Cadenhead et al., 1998; Green et al., 1994;
Keri et al., 2004; Kim et al., 2005; O'Donnell et al., 2002;
Slaghuis and Thompson, 2003).

The primary goal of this study, however, was to
evaluate integrity of an intrinsic cortical process, the
well-known “face inversion” effect. Individuals, in
general, are more accurate in recognizing upright, than
inverted, faces. In contrast, no such inversion effects are
observed for non-face objects, such as houses. As
opposed to significant deficits in duration threshold in
object discrimination, patients showed face inversion
effects that were both robust and statistically equivalent
to those of controls (Figs. 3–5). Thus, once increased
threshold is corrected for by using each patient's indi-
vidual duration threshold, subsequent stages of proces-
sing, at least in the ventral stream, appear intact. A
previous study failed to find a face inversion effect in a
face spacing task in schizophrenia, but upright perfor-
mance was below chance, making it impossible to test
for an inversion effect (Shin et al. in press). This high-
lights the importance of adjusting duration of presenta-
tion, as was done in the present study, so that upright
performance is above chance.

In the present study, increased duration threshold was
related to magnocellular dysfunction as seen by a
significant correlation between duration threshold and
contrast sensitivity to the magnocellular-biased low
spatial frequency grating. Magnocellular dysfunction
can affect ventral stream FFA processing via several
routes. Magnocellular and parvocellular pathways inter-
act beginning in V1 with extensive interactions there-
after (Sawatari and Callaway, 1996; Vidyasagar et al.,
2002). Thus, magnocellular dysfunction can affect
ventral stream processing by impaired interactions
between pathways at the level of V1 or V2 leading to
impaired direct input to FFA, or by aberrant cross-over
input from dorsal stream areas, such as the middle
temporal visual area, to FFA (e.g., the frame and fill
hypothesis) (Bar, 2003; Schroeder et al., 1998). Cor-
recting magnocellular dysfunction by increasing dura-
tion of stimulus presentation allowed investigation of
intrinsic ventral stream processing.

Although several brain regions are involved in
general face processing, it has been suggested based
upon fMRI studies that the FFA is the primary neural
source of the behavioral face inversion effect (Yovel
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and Kanwisher, 2005). Our finding of intact face
inversion effects, measured behaviorally, is consistent
with a recent fMRI study showing normal activation of
FFA to a face-matching task in patients with schizo-
phrenia (Yoon et al., 2006). In that study, faces were
presented at suprathreshold (600 ms) duration in a 1-
back task, and similar FFA activation was observed in
both groups. Performance in that study was at ceiling,
suggesting that the long stimulus exposures provided
both groups with adequate time for stimulus evaluation,
leading to similar intact intrinsic ventral cortical
processing as observed in the present study using the
face inversion effect.

In contrast to our findings, several event-related
potential (ERP) studies have reported decreased ampli-
tude of the face-related N170 potential (Campanella et
al., 2006; Herrmann et al., 2004; Onitsuka et al., 2006),
potentially reflecting impaired cortical face processing.
Although the basis for the discrepancy in findings
between the different paradigms is currently unknown,
one explanation may be that N170 generation involves
different cortical regions than does the behavioral face
inversion effect. Our finding of an intact behavioral face
inversion effect is consistent with intact FFA function in
schizophrenia (Yoon et al., 2006). However, generators
for the N170 have been located in other face processing
areas including superior temporal sulcus (Itier and Taylor,
2004b; Joyce and Rossion, 2005). Further, as compared
with FFA activations, which are decreased or the same to
inverted faces (Haxby et al., 1999; Yovel and Kanwisher,
2005), the N170 is consistently larger to inverted vs.
upright faces (Itier and Taylor, 2004a; Rossion et al.,
1999), again suggesting involvement of regions other
than FFA.

Further support for intact function of FFA in
schizophrenia comes from consideration of the spacing
vs. part results across groups. Although somewhat
controversial, most recent studies of face perception
suggest that faces are processed holistically (Yovel and
Kanwisher, 2004); for review see (Farah et al., 1998),
rather than only by spacing between parts (Freire et al.,
2000; Mondloch et al., 2002), and that FFA is responsible
for this phenomenon (Schiltz and Rossion, 2006). In the
paradigm used in the present study (Yovel and
Kanwisher, 2004), the difficulty of spacing vs. part
discriminations was matched. Patients, like controls,
showed similar inversion effects whether faces differed in
spacing or parts, suggesting that patients, like controls,
use holistic processing for face recognition rather than a
process specific for spacing. In addition, the finding that
the inversion effect was largely absent for the house task
shows that patients, like controls, utilize face processing
mechanisms that are domain specific for face perception
(Yovel and Kanwisher, 2004).

This is the first study we are aware of to evaluate face
and object processing in schizophrenia using stimuli that
were manipulated to examine spacing vs. part proces-
sing along with domain- vs. process-specificity for face
perception in conjunction with thresholds that produced
above chance performance on upright stimuli. One prior
study showed an intact face inversion effect in patients,
but a face memory paradigm was used and spacing and
part processing were not manipulated (Schwartz et al.,
2002). Two studies looking at emotion processing
showed that both patients and controls had similar
inversion effects (Chambon et al., 2006; Schwartz et al.,
2002), consistent with the present findings, and again
suggestive of relatively intact intrinsic cortical proces-
sing. As stated above, one face processing study failed
to find an inversion effect in patients in a spacing task,
but upright performance was below chance (Shin et al.,
in press). A recent study found that while patients had a
face inversion effect, it was decreased vs. controls (Chen
et al., 2008). However, duration of presentation was
very short (104 s or less).

A limitation is that all patients were on medication at
the time of testing. However, visual processing deficits
have been found in both medicated and unmedicated
patients (Braff and Saccuzzo, 1982), as well as in un-
medicated first-degree relatives of patients with schizo-
phrenia (Keri et al., 2004; Yeap et al., 2006). In addition,
there were no significant correlations between perfor-
mance on any of the tasks including magnitude of the
inversion effect and CPZ equivalents.

The lack of a between group difference in the in-
version effect does not appear to result from lack of
power as the sample size used here has the power to
detect a large effect size. Indeed, significant differences
in contrast sensitivity and duration threshold were
found. The effect size for face inversion for patients
and controls was 0.1, suggesting that if there is some
between group difference, it is extremely small.

In summary, while a great number of cortical
processes are reported to be abnormal in schizophrenia,
this study reports on a well-described process, the face
inversion effect, and shows that it is normal in patients.
However, early stages of visual processing were im-
paired. Threshold prolongations correlated with reduced
sensitivity to low spatial frequency stimuli, suggesting
dysfunction of the magnocellular system as an under-
lying mechanism. The preserved face inversion effect in
schizophrenia suggests relatively intact intrinsic func-
tion within cortical regions once appropriate adjust-
ments are made for exposure duration.
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