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Schizophrenia subjects are impaired in a number
of visual attention paradigms. However, their per-
formance on tests of figure-ground visual percep-
tion (FGP), which requires subjects to visually
discriminate figures embedded in a rival back-
ground, is relatively unstudied. We examined
FGP in 63 schizophrenia patients and 27 control
subjects and found that the patients performed the
FGP test reliably and had significantly lower FGP
scores than the control subjects. Figure-ground vi-
sual perception was significantly correlated with
other neuropsychological test scores and was in-
versely related to negative symptoms. It was un-
related to antipsychotic medication treatment.
Figure-ground visual perception depends on “top
down” processing of visual stimuli, and thus this
data suggests that dysfunction in the higher-level
pathways that modulate visual perceptual pro-
cesses may also be related to a core defect in
schizophrenia.
(The Journal of Neuropsychiatry and Clinical

Neurosciences 2004; 16:277–283)

Figure-ground visual perception (FGP) tests require
subjects to visually discriminate which figures are

embedded in a rival background. Figure-ground visual
perception performance generally improves with devel-
opment in school age children, in line with the matu-
ration of perceptual and visual memory systems.1 Nor-
mal adults show no ceiling effects on their ability to
visually discriminate embedded figures and perform
the test reliably. Scores in adult men are unrelated to
education or socioeconomic status, although women’s
scores show a moderate association with education.2,3

Figure-ground visual perception tests are reported to be
sensitive indicators of neural dysfunction and have been
used to examine age related cognitive changes in older
adults, cerebrovascular injury patients, and individuals
with neurodegenerative disorders.4–7

The visual processes for figure-ground organization
appear to depend on input from high-level cortical re-
gions involved in object recognition, which orient spa-
tial attention so that salient objects can be detected and
separated from a background.8,9 The “top down” mod-
ulation of primary visual areas for spatial localization is
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accomplished through the ventral parvocellular path-
way (“what is it”), which projects ventrally to the tem-
poral lobe to encode specific details for object identifi-
cation, and the dorsal magnocellular pathway (“where
is it”), which is involved in detecting and segregating
objects from the background. The magnocellular path-
way projects to the parietal lobe to facilitate the orien-
tation of attention and eye movements to salient stimuli
for the initial detection of targets from the background.10

Figure-ground visual perception may also be a useful
test for probing the neural underpinnings of schizo-
phrenia, a disorder marked by significant neurocogni-
tive impairments. Schizophrenia patients have intact vi-
sual perceptual ability and spatial orienting responses
to external stimuli, but many schizophrenia patients are
impaired in the higher-order processing of visual infor-
mation. They are deficient in tasks that require inter-
nally generated control of selective spatial attention, in-
cluding backwards masking, continuous performance
tasks, and eye movement tasks that necessitate volun-
tary maintenance of gaze direction.11–18 These impair-
ments implicate dysfunctional modulation of early vi-
sual processing by higher-order regions.19,20 Butler et
al.21 recently showed that an abnormal magnocellular
pathway, in particular explained the deficient “top
down” modulation of early visual processing in schizo-
phrenia patients.
There are only two contemporary studies concerning

FGP performance in schizophrenia, and both conflicting
reports concern FGP’s relationship with symptomatol-
ogy. Liddle22 reported that the FGP scores in schizo-
phrenia patients were associated with positive symp-
toms of reality distortion, which include delusions and
hallucinations. To the contrary, Malaspina et al.23 re-
cently found a far more robust relationship of FGP with
negative symptoms, particularly with poor rapport and
lack of spontaneity.23 However, important characteris-
tics of FGP test results in schizophrenia patients, such
as the reliability of their FGP test performance and
whether FGP scores are affected by antipsychotic med-
ications, have not been previously described. It is likely
that either poor reliability of FGP tests or significant
medication effects could explain the discrepant results
found within the literature.
To better understand the utility and application of

FGP performance in schizophrenia research, we exam-
ined FGP in a sample of well-characterized schizophre-
nia patients, comparing their performance to that of
healthy control subjects and examining effects of gender

and education. We also assessed the reliability of FGP
test results in schizophrenia patients and examined
whether antipsychotic medications affected FGP perfor-
mance. Finally, we examined the extent to which FGP
ability was associated with performance on other neu-
ropsychological measures in schizophrenia patients.

METHODS

The patient sample included 63 patients with DSM-IV
schizophrenia or other psychoses (40 men, 23 women)
from a schizophrenia research unit. The DSM-IV diag-
noses represented a consensus among clinical and re-
search staff and considered information from structured
interviews with the Diagnostic Interview for Genetic
Studies,24 past and present hospital records, and infor-
mation about the patients from family interviews and
symptom ratings. The patients were typically admitted
to the unit in stable clinical condition from either inpa-
tient or outpatient treatment. They were physically
healthy, with recent physical examinations, laboratory
tests, urinalysis, and thyroid function tests, and all pro-
vided written informed consent for this institutional re-
view board, approved study. The 27 healthy subjects
evaluated for FGP (14 men, 13 women) were recruited
from the medical center community. They had been clin-
ically screened to exclude subjects who had any axis I
disorder in the last 2 years or any personal or family
history of psychosis.

Figure-Ground Perception
The Southern California Figure-Ground Visual Percep-
tion Test is a subtest of the Sensory Integration and Prac-
tice Tests25 and is divided into two parts, each contain-
ing eight stimuli. The first part, which we considered a
control task, contains line drawings of easily identified
familiar common pictures. The second part of the test
contains abstract shapes embedded within the figure.
Each background stimulus has an accompanying re-
sponse card with six possible choices, three of which are
contained within the stimulus, while three other figures
serve as distracters. The instructions were read to the
subjects, who then practiced on an unscored example
before each part of the test. All subjects who regularly
wore corrective eyewear were asked to do so during
testing to insure intact visual acuity. They were asked to
visually examine each stimulus and then select three of
the six possible figures on the response card that was
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embedded in the background stimulus. They were told
not to name or trace the shapes or pictures. If they chose
incorrectly on the practice example, the instructions
were repeated until they were able to choose the correct
answers, but no feedback was given once the scored sec-
tion began. The test scores were computed as the num-
ber of responses that were correct on the identification
of common objects (picture control task) or the abstract
geometric shapes (FGP). Since there were six possible
choices on each response card and eight stimuli for each
FGP subtest, the maximum score for either FGP subtest
was 48.
We performed a total of 90 “first time” FGP evalua-

tions on the combined sample of 63 patients and the 27
comparison subjects. Because we were interested in the
stability of FGP test performance in the patients and any
possible effects of medication and clinical state on the
measure, we noted the treatment condition for all pa-
tient testing sessions and retested a portion of the 63
patients. The comparison subjects were tested only once.
For the “first time” testing of patients, 47 were tested
during stable antipsychotic treatment, and 16 were not
receiving any antipsychotic medications. Thirty-two of
the 63 patients were retested a month later. Twentywere
retested on the same antipsychotic medication dose.
Two were medication free on both test occasions, and 10
were tested during both antipsychotic treatment and
medication-free conditions. No patient was medication-
withdrawn for the purpose of this study.

Neuropsychological and Symptom Assessments
The neuropsychological test battery included theWechs-
ler Adult Intelligence Scale (performance, verbal, and
full-scale IQ), Animal Naming, Trails B, and theWiscon-
sin Card Sorting Test (WCST). Scheduling demands of
the patients and staff, lack of patient cooperation, and
patient discharge reduced the sample of those who re-
ceived neuropsychological testing from 63 to 39 pa-
tients. Patients’ symptomswere assessed for the patients
with the Positive and Negative Symptom Scale
(PANSS),26 which was administered contemporane-
ously with the FGP testing. The PANSS data was quan-
tified into the positive, negative, general psychopathol-
ogy, and composite scales. The symptom data alone has
been previously reported.23

Data Analysis
Sex distributions in the patient and control groups were
examined with a Pearson chi-square test and the groups

were compared on their age and education using anal-
ysis of variance. The patient group was significantly
older and less educated than the normal comparison
group, so age and educationwere included as covariates
in comparing FGP performance between the patient and
control groups. The analysis of covariance (ANCOVA)
revealed a significant interaction of diagnosis and sex
on FGP scores. Therefore, additional post hoc ANCO-
VAs were performed within sex, across the two groups,
as well as within the groups and across sex. Paired t tests
were performed to address test-retest performance of
patients tested twice during the same active treatment
phase and to assess medication effects in the patients
tested during both antipsychotic treatment and after
withdrawal from medication for at least 3 weeks. Cor-
relations were performed between FGP scores and neu-
ropsychological test results and with PANSS symptom
measures. All probabilities were two-tailed and set at
the 0.05 alpha level.

RESULTS

The gender composition did not differ between the pa-
tient group (40 men and 23 women) and the control
group (14 men and three women) (v2�1.07, df�1,
p�0.30), although the patients were significantly older
and less educated than the comparison subjects, and
there was a significant interaction between group and
sex for education. The men in the control group were
better educated, whereas the women were better edu-
cated in the patient group (Table 1).
Table 2 separately presents the data for the first FGP

test session based on patients’ medication treatment
status. Whether they were being treated with stable
doses of antipsychoticmedications orwere not receiving
any antipsychotic medications, patients had signifi-
cantly lower scores on the FGP of abstract shapes test,
but only marginally worse performance on the pictures
task. Both male and female patients had lower scores
than their control group counterparts, but there was a
significant interaction of diagnosis and sex that was spe-
cifically related to the superior performance of the male
comparison group subjects for both subtests. Post hoc
ANCOVA analyses, conducted because the medication-
free testing showed an interaction of diagnosis and sex,
showed that the comparison group men had better per-
formance than the comparison groupwomen on the pic-
tures test (F�6.27, df�1, 23, p�0.02) and the abstract
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TABLE 2. Comparison of Age, Education and FGP Performance of Schizophrenia Patients Who Were Either Taking Antipsychotic
Medications or Who Were Off of Antipsychotic Medications at the Time of Their First FGP Test, to Controls Using a 2
(Diagnosis) by 2 (Sex) ANCOVA, With Age and Education Serving as Covariates

MEDICATION FREE
PATIENTS CONTROLS MAIN EFFECTS

Males (10) Females (9) Males (14) Females (13) Diagnosis Sex

Interaction
Diagnosis/

Sex

Variable MN SD MN SD MN SD MN SD F p F p F p

Age 34.1 11.8 43.0 9.1 27.1 6.2 27.8 7.0 18.42 .001 2.68 .109 2.61 .113
Education 12.2 3.0 14.2 2.5 18.0 1.6 16.2 1.7 36.85 .001 0.15 .699 8.79 .005
FGP-Shapes 38.5 5.2 37.1 3.0 47.0 1.1 42.6 3.7 9.94 .003 6.49 .015 4.43 .042
FGP-Picture control test 42.8 2.6 42.7 2.4 46.1 1.1 44.8 1.4 3.72 .061 0.67 .419 3.93 .054

ANTIPSYCHOTIC TREATED
PATIENTS CONTROLS MAIN EFFECTS

Males (31) Females (16) Males (14) Females (13) Diagnosis Sex Effect

Interaction
Diagnosis/

Sex

Variable MN SD MN SD MN SD MN SD F p F p F p

Age 34.5 11.2 31.2 10.6 27.1 6.2 27.8 7.0 5.75 .019 0.57 .452 0.71 .401
Education 12.8 2.6 13.2 2.1 18.0 1.6 16.2 1.7 64.11 .001 0.79 .376 4.41 .039
FGP-Shapes 36.9 4.6 36.0 4.2 47.0 1.1 42.6 3.7 17.72 .001 5.64 .020 0.87 .335
FGP-Picture Control test 43.0 2.5 43.6 1.8 46.1 1.1 44.8 1.4 3.93 .052 0.11 .737 2.31 .133

TABLE 1. Demographics: A 2 (Diagnostic Groups) by 2 (Sexes) ANOVA Was Used to Compare Age and Education Between the 27
Controls (m/f � 14/13) and 63 Patients (m/f � 40/23). Sex Distribution Across the Diagnostic Groups Was Tested Using the
Pearson Chi-Square

PATIENTS CONTROLS MAIN EFFECTS

Male (40) Female (23) Male (14) Female (13) Diagnosis Sex

Interaction
Diagnosis/

Sex

MN SD MN SD MN SD MN SD F p F p F p

Age (years) 34.2 11.2 35.6 1.7 27.1 6.2 27.8 7.0 9.55 .003 0.28 .599 0.02 .886
Education (years) 12.5 2.6 13.6 2.1 18.0 1.6 16.1 1.7 64.10 .001 0.05 .820 7.43 .008

shapes test (F�10.61, df�1, 23, p�0.003). However,
there was no gender difference for the schizophrenia pa-
tients on either the pictures test (F�1.02, df�1, 15,
p�0.328) or the abstract shapes test (F�0.16, df�1, 15,
p�0.70).
The patient scores were reliable, and there was no im-

provement from practice. Those patients retested after
30 days on stable medication doses had unchanged
scores for the embedded pictures (mean�42.5, SD�3.0,
versus mean�42.9, SD�2.7) (t�1.19, df�18, p�0.249)
and embedded abstract shapes FGP tests (mean�37.2,
SD�4.9, versus mean�38.1, SD�5.3) (t�1.25, df�18,
p�0.226). Accordingly, the patients showed strong test
1 to test 2 correlations for the pictures test (r�0.86,
df�18, p�0.001) and the shapes test FGP (r�0.84,
df�18, p�0.001).

Patients who were tested both on and off antipsy-
chotic medications had scores that showed an absence
of medication effects on FGP testing, since their scores
were similar for the pictures test (mean�42.7, SD�1.4,
versus mean�43.1, SD�2.1) (paired t�0.51, df�9,
p�0.62) and the shapes test (mean�37.0, SD�3.5, ver-
sus mean�38.2, SD�4.0) (paired t�0.73, df�9,
p�0.48). Medication treatment of patients with typical
versus atypical antipsychotics was unrelated to the FGP
scores. The particular schizophrenia-related diagnoses
of the patients (21 schizoaffective disorder, 36 schizo-
phrenia, six psychosis not otherwise specified or schi-
zophreniform disorder) were unrelated to FGP perfor-
mance scores.
Among the 39 patients (70% of the men and 77% of

the women) who had neuropsychological evaluations
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TABLE 3. Correlations of FGP of Abstract Shapes Scores With Neuropsychological Measures in Schizophrenia Patients

Male Patients Female Patients All Patients

r n p r n p r n p

Performance IQ .45 21 .039 .63 14 .016 .51 35 .002
Verbal IQ .59 21 .005 .63 14 .015 .60 35 .001
Trail b time �.38 24 .069 �.60 15 .017 �.44 39 .005
Trail b errors �.28 24 .182 �.40 15 .134 �.32 39 .046
WCST-errors �.37 24 .077 �.44 15 .100 �.37 39 .022
WCST-preservative error �.38 24 .065 �.43 15 .110 �.37 39 .020
Animal names .28 24 .186 .45 15 .092 .31 39 .057

(Table 3), the men had a WAIS full-scale IQ of 82.6
(SD�12.8), and the women had a WAIS full-scale IQ of
83.6 (SD�12.0). The FGP pictures control test scores
were unrelated to any of the neuropsychological test re-
sults, while the FGP abstract shapes scores were signifi-
cantly positively correlated with full-scale, verbal, and
performance IQ and were significantly negatively cor-
related with Trails B time and errors, WCST errors, and
WCST perseverative responses. There was only a trend
relationship between FGP of shapes and the animal
naming verbal fluency test. As we have recently de-
scribed,23 47 of these patients received PANSS clinical
symptom ratings at the time of FGP testing. The FGP
pictures control test scores were unrelated to any of the
PANSS symptom subscales. The FGP abstract shapes
scores were significantly related (across the sexes and
ultimately for the whole patient group) with the nega-
tive symptom subscale (�0.47, df�47, p�0.001), but
not with the positive symptom subscale (�0.19, df�47,
p�0.20), the general psychopathology subscale (�0.26,
df�47, p�0.08), or the composite scale (0.20, df�47,
p�0.180).

DISCUSSION

We demonstrated that the ability of schizophrenia pa-
tients to perform the Southern California Figure-Ground
Visual Perception Test could be reliably assessed and
that their performance was unrelated to antipsychotic
medication treatment or to a diagnosis of schizophrenia
versus other psychoses such as schizoaffective disorder
and unspecified functional psychosis. Schizophrenia pa-
tients showed significantly worse performance than
control subjects on the abstract shapes section of the FGP
test, a task that requires the visual segregation of em-
bedded nonfigurative shapes as target figures from
background stimuli. The patients had similar perfor-
mance to the comparison subjects for the FGP control

task that uses familiar identifiable pictures as the objects
for the target stimuli. The deficient scores on the FGP
abstract shapes task were not corrected by controlling
for sex or educational achievement.
The capacity to distinguish which abstract shapes

were embedded in the background was significantly as-
sociated with patients’ intelligence and performance on
several other neuropsychological tests and, as previ-
ously reported, FGP scores were inversely associated
with PANSS negative symptom ratings. In contrast, the
FGP scores for identifying the familiar pictures, which
did not differ between the patient and control groups,
were unrelated to neuropsychological test scores or
symptoms.23 Spatial ability is considered to be a suitable
index of general intelligence, and it is not surprising that
it correlated with intelligence and the other neuropsy-
chological measures in the patients. Additionally, neg-
ative symptoms in schizophrenia have been associated
with impairments in other neuropsychological tests, in-
cluding measures from the present battery such as Con-
tinuous Performance Test perseverative errors, Trails B
time and errors, intelligence, and verbal fluency.27–31

These data showing that schizophrenia patients had
FGP impairments when the targets were abstract shapes
(“where is it”) and near normal performance when the
targets were common namable objects (“what is it”) is
arguably consistent with greater dysfunction, respec-
tively, in the “top down” modulation by the magnocel-
lular pathway than by the parvocellular pathways.
“Top-down” information about a specific object (i.e.,
chair, bucket, cat) from the ventral parvocellular visual
stream may facilitate the localization of the identifiable
objects.32 Defective processing in magnocellular path-
ways may also be relevant to higher-level cognitive def-
icits. Other research has associated magnocellular defi-
cits with predominantly negative symptoms,33 which
would also be in line with the current data.
Other neural dysfunctions may also explain the FGP

impairments in schizophrenia. Spatial ability has been
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associated with right hemisphere activity,34 and sub-
groups of schizophrenia patients are reported to have
right hemisphere dysfunction and more treatment re-
fractory negative symptoms.35,36 Additionally, FGP as-
sesses topographical orientation and may be especially
vulnerable to damage to the neurocircuitry connecting
the primary sensory cortex to the inferior temporal cor-
tex, hippocampus, and frontal cortex. The hippocampus
has a special role in combining information to form spa-
tial representations.37 If dysfunction in the prefrontal
and temporoparietal cortices mediate the deficient sen-
sory perception in schizophrenia, it may be because of
abnormal “top-down” modulation.
Male control subjects scored significantly higher than

female control subjects, but there was no sex difference
in the schizophrenia patients. This sex difference in the
healthy comparison group is consistent with other lit-
erature showing a male advantage in FGP tasks.38 The
small mean advantage in scores for men on visual-spa-
tial tasks may be a consequence of the greater propor-
tion of higher-achieving men than of higher-achieving
women,39 which this control data would support. The
male advantage in FGP observed in some healthy male
subjects may be offset in schizophrenia samples by the
overall greater severity of illness typically seen in male
schizophrenia patients.
A potential limitation of this study is that factors such

as attention or the subjects’ level of effort could have
impacted the results. Although these problems can arise
during behavioral testing, it is unlikely they could have

accounted for the performance differences found be-
tween patients and control subjects on distinguishing
abstract shapes in an embedded background due to the
inclusion of the control picture task. All patients and
control subjects were tested on the control task and ex-
perimental task under the same conditions, and accord-
ingly, attention changes and level of effort were ac-
counted for and regarded as the same for subjects across
conditions. Additionally, to consider possible visual def-
icits such as acuity, we required subjects to wear their
prescription lenses during testing.
These data suggest that FGP testing could be a worth-

while task for examining visual spatial processing in
schizophrenia and may be a useful probe of the path-
ways that modulate visual perception. It is easily ad-
ministered and brief, typically taking less than 30 min-
utes for the patients to complete and can assess
visuospatial discrimination without the significant con-
founding from memory or motor demands that other
visuospatial tasks entail. The neural deficits that under-
lie negative symptoms and neurocognitive functioning
in schizophrenia may share common substrates with the
distributed neural network necessary for FGP, particu-
larly that which subserves the voluntary visuospatial
processing and spatial representation.
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