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ajor Depression Affects Perceptual Filling-In
tiv Zomet, Revital Amiaz, Leon Grunhaus, and Uri Polat

ackground: Major depression disorder is a syndrome that involves impairment of cognitive functions such as memory, attention, and
lasticity. In this study, we explored whether depression affects perception as well.

ethods: We used a recently developed paradigm that assesses the filling-in process by probing false-positive reports (false alarm [FA]), hit
ates (pHit), sensitivity (d=), and decision criteria (Cr). We used a Yes-No paradigm in a low-level detection task involving a Gabor target, in the
resence of collinear flankers, inducing filling-in, with differing target-flanker separations of 3–15 �(wavelength). The depressive state of
atients was assessed using the Hamilton Depression Rating Scale. Two groups were tested: an experimental group with major depression

n � 27) and a control group (n � 32).

esults: The performances of the control and the experimental groups were not significantly different regarding d=. In contrast, a specific
attern of significant differences between the control group and the hospitalized group was found for the decision criterion, pHit, and pFA,
ut only for target-flanker separations of 3 �, whereas the results for the other separations were insignificant. The differences between the
ontrol and the depressed groups are not due to a global cognitive dysfunction in depression.

onclusions: The results suggest that the filling-in process is deficient, probably because of reduced excitation among neurons. Neural
xcitation is a key factor in the neural processing involved in memory and decision making. In addition, it is still possible that the patients may
e unable to match their internal representation to the changing sensory information.
ey Words: Decision criteria, filling-in, MDD, neural interactions,
ensitivity, visual perception

ajor depression disorder (MDD), according to DSM-IV,
is characterized by periods of depressed mood or loss of
interest and/or pleasure in nearly all previously enjoyed

ctivities for most of the day, every day, and for at least 2
onsecutive weeks (a condition termed anhedonia) (1). Patients
uffering from MDD have been reported to have deficits in
effortful,” but not effortless, cognitive functions, compared with
ontrol observers (2,3). Specifically, recognition memory, de-
ayed recall, and immediate recall were found to be impaired in
atients with depression (4). Moreover, anhedonic symptoms are
ssociated with significant impairment in adaptive functioning
1). However, few perceptual disorders have been reported in
hich patients display an absence of the standard perceptual

llusions (5,6), suggesting that the normal optimistic biases and
istortions are absent.

It has been shown that the visibility of a local target (Gabor
atch [GP], Figure 1) improves when it is presented between two
ollinear flankers, mainly with small target-mask spatial separa-
ions (7). Collinear flankers may produce neuronal activity at
ocations corresponding to the target. In other words, there is
ncreased neural activity in the neural network that processes the
timuli at locations not directly stimulated by the input but rather
y lateral interactions within the network (8–10). Furthermore,
ateral interactions between a target stimulus and its flanking
ontext, of the kind thought to originate in the early visual cortex,
ay depend on attention to the context (11). It has been

uggested that the target location is “filled-in” by lateral excitation
rom the flankers (7,10,12).
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The terms perceptual completion and filling-in are used to
explain situations in which subjects report that something is
present in a particular region of visual space, but it is actually
absent from that region (13). The term “filling-in” suggests that
perceptual completion phenomena are processed by the brain,
providing something to make up for an absence and that the
brain is actively engaged in filling-in the missing information.
The observer perceives illusory contours that typically bridge
gaps between precisely aligned luminance edges, but these
contours do not physically exist in the image (14). Filling-in is an
important feature of sensory systems; it provides the ability to
interpolate sensory attributes in the presence of incomplete
information by using spatial and temporal contexts (10).

Various components of detection task performance can be
accounted for by analyses based on signal detection theory (SDT)
(15). According to SDT, it is suggested that the objective aspects of
lateral facilitation are traditionally documented using d= (sensitivity)
and that the subjective aspects are documented by the response
criterion (10). In this way, observers report their own judgment
when making a decision, usually based on the amount of evidence
that is required for a person to enact a specific behavioral response
or to make a specific choice. In the filling-in process, the observer
typically reports that the target was present, whereas, in fact, it was
absent, resulting in an increased rate of false-alarm (FA) responses
(10). However, it is well known that observers can adjust their
decision criteria and their FA rate to minimize the error rate. Thus if
no additional constraints are imposed, observers are expected to
discriminate between false targets and real targets within the range
allowed by the noise in the system and by visual sensitivity (16–18).
Performance in detection tasks depends on two complementary
processes: a sensory process and a decisional process. The sensory
process is activated by the stimuli encountered during the task; the
contextual information mediates the relationship between sensory
information and decisional process. Contextual information may
include accumulated knowledge about the frequency that the
stimuli occur (19). Moreover, cortical neurons in the primary visual
cortex process local information from the visual field (classical
receptive field [CRF]) but are influenced by contextual information

outside of the CRF. In that form of processing, the contextual

BIOL PSYCHIATRY 2008;xx:xxx
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redictions are not confounded with the information that they
ransmit about their receptive fields. Thus the context affects activity
ithout corrupting the information transmitted by the CRF input. By
sing context to influence the confidence with which decisions are
ade on the basis of the sensory evidence, we can synchronize

oherent outputs (20).
In this study, we used a low-level perceptual task (10)

nvolving contrast detection of a target under collinear interac-
ion conditions to investigate whether and how lateral interac-
ions are affected in MDD. We assessed the subjective aspect of
isual events that occur in a gap between two contour fragments
hen subjects report “seeing” the target (Hit, FA) and relate these
vents to objective effects on visual sensitivity (e.g., d=) and
ubjective decisional criteria (Cr). We used a standard Yes-No
xperimental paradigm to measure detection performance of
ocalized contrast in the presence of flankers. Sensitivity and
riterion were assessed for different target-flanker separations
hat were randomly mixed within an experimental session. The
im of this study was to explore perceptual and cognitive neural
etworks that participate in the decision making of the filling-in
rocess. To this end, we used a low-level task to probe high-level
unctions such as decision—a product of sensory input to early
isual cortex and a network involving higher-order areas impli-
ated in the processing of contextual information and prior
nowledge such as memory.

The results show, as expected from filling-in, that in the
ontrol group the FA rate increased in separations within the
ange of lateral-facilitation but not in the depressed group,
uggesting that the effect is deficient in MDD.

ethods and Materials

articipants
Fifty-nine adults participated in this study: 27 with MDD (the

xperimental group) and 32 served as the control group. The two
roups did not differ in age (control; mean � 42.5, experimental;
ean � 48.4, p � .0695).
The MDD patients were hospitalized in the Psychiatry Depart-

ent at Sheba Medical Center. These patients were diagnosed by
sychiatrists as suffering from MDD, according to DSM-IV. All
atients were found to be currently depressed during our testing
eriod and were being treated by antidepressants and benzodi-
zepine medications (Table 1). They gave written informed
onsent to participate in the study, which was approved by the
uman Research Committee (IRB) at the Sheba Medical Center.
he patients were evaluated using the Hamilton Depression
ating Scale (HDRS) (21), which is a subjective diagnostic test for
DD that assesses the subject’s depressive state, according to

igure 1. The stimuli used in this study were collinear configurations with
ifferent target-flanker separations.
SM-IV (see Table 2); the subject then underwent a visual acuity

ww.sobp.org/journal
test to confirm corrected-to-normal vision (6/6). Table 2 presents
demographic and clinical details.

Stimuli and Procedure
The stimuli in the test consisted of Gabor patches (Figure 1;

localized gray-level gratings) with a spatial frequency of 6 cycles
per degree modulated from a background luminance of 40
cd/m2. Stimuli were presented on a Viewsonic (Walnut, Califor-
nia) E70 color monitor, using a PC system. The effective size of
the monitor screen was 24 � 32 cm. The stimuli were presented
at a viewing distance of 150 cm, subtending a visual angle of 9.2°
� 12.2°. Observers’ responses were recorded in a dark cubicle,
where the only ambient light came from the display screen.

The task was the same as that used by Polat and Sagi (10). The
visibility of the target was matched for each observer according
to her or his threshold. The contrast threshold of each subject
was estimated using an adaptive (staircase) method. This contrast
was used for testing. The two groups did not differ significantly
(p � .097) in contrast threshold. The mean contrast threshold of
the control group was 5.12, and that of the hospitalized group
was 6. The task required the observers to detect a target that was
randomly presented in 50% of the trials, which was shown
between two lateral collinear flankers (also the Gabor target, see
Figure 1) in differing target-flanker separations of 3, 4, 6, 9, 12,
and 15 wavelengths (lambda, �). In addition, the observers had
to report whether the target was present (Yes) or absent (No) by

Table 1. Distribution of the Medications Each Patient Took on the Day of
the Test (n � 27)

Medication No. of Patients

SSRI 12
SNRI 10
Mood stabilizers 9
Benzodiazepinea 21

Clonex (clonazepam) 12
Bondormin (brotizolam) 11
Lorivan (lorazepam) 4
Xanax (alprazolam) 2
Assival (diazepam) 1
Valium (diazepam) 1
Vaben (oxazepam) 1

Antipsychotics 16
Mirtazapine � Mianserin 8
TCA 1
Reboxetine 3
Promethazine 3
Anti-EPS 1

EPS, extrapyramidal syndromes; SNRI, serotonin and norepinephrine
reuptake inhibitor; SSRI, selective serotonin reuptake inhibitors; TCA, tricy-
clic antidepressant.

aSome patients received more than one type of Benzodiazepine medi-
cations.

Table 2. Demographic and Clinical Data

Control (n � 32) Depression (n � 27) t p

Age (years) 42.5 (19–82, 15.37) 48.4 (24–74, 14.77) 1.5 .0695
Gender (male/

female) 14/18 15/12 — —
HDRS 2.3 (0–5, 1.26) 20.7 (10–32, 5.14) 19.54 .000

Data are mean (range, SD) compared with the two-tailed t test. The level
of significant was p � .05.
HDRS, Hamilton Depression Rating Scale.
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ressing the left and right mouse keys, respectively (Figure 1). At
target-flanker separation of 15 �, the lateral flankers were

rthogonal (not collinear) to estimate the detection of the target
nder a condition of no interactions. The stimuli were presented
n a random order and all distances were mixed (mixed by trials).
n each session, 20 trials for each target-flanker separation were
resented, with a total of 120 trials per session.

A visible fixation circle indicated the location of the target and
he observers activated the presentation of the trials at their own
ace. The stimuli were presented to both eyes for a duration of
00 msec. Auditory feedback was given for wrong answers after
ach presentation.

The false alarm (FA), Miss, Hit, and correct rejection were
ecorded and analyzed, yielding the sensitivity (d=) and the
riterion (Cr) measures.

ata Analysis
The SPSS 13.0 Production Facility was used for data analysis.

he equality of variance was assessed by Levene tests. For the
nalysis of demographic data, a clinical rating scale and psycho-
hysical data t tests were used. Pearson’s correlation coefficients
r) were calculated between psychophysical data and scores on
he HDRS. The level of significance was set at p � .05.

esults

linical and Demographical Data
Table 2 depicts the details of the 59 subjects who participated

n this study: 27 were in the experimental group (patients with
ajor depression), and 32 were in the control group (healthy

ubjects). As expected, the effect of the measured depression on
he HDRS, as reported by the experimental group, was signifi-
antly higher than that of the control group (mean � 20.7 vs. 2.3,

igure 2. (A) Mean sensitivity (d=) changes as a function of target-flanker s
rror bars indicate the standard error of the mean. (B) Mean criterion (Cr) ch
----) and healthy control subjects (�). Error bars indicate the standard erro
eparations (�) in patients with depression (----) and healthy controls (�). Er
hange as a function of the target-flanker separations (�) in patients with d
rror of the mean. hos, hospitalized.
espectively, p � .000001).
Psychophysics
We investigated whether the perception of collinear facilita-

tion is affected in patients with depression by measuring false-
positive reports (FA), hit rates (pHit), decision criterion (Cr), and
sensitivity (d=). As Figure 2A shows, the sensitivity (d=) of patients
from the experimental and the control groups was not signifi-
cantly different (p � .43). In contrast, there were significant
differences between the groups in Cr (p � .013, Figure 2B), pHit
(p � .01, Figure 2C), and pFA (p � .02, Figure 2D), at a short
target-flanker separation of 3 �. However, at the larger distances
(�3�), there were no significant differences. Thus under
conditions of uncertainty as to whether the target is present,
when the target is at a detection threshold at the short
target-flanker separation, the control subjects chose the low
criterion and tended to report that the target was present (they
responded “yes”). This is paralleled by a high pHit and an
increased number of false alarms (pFA). On the other hand,
the decision criterion of the hospitalized subjects was higher
(more conservative) and they reported less frequently that
“the target was present” (a low hit rate) and rarely make false
alarms (Figure 2B–2D). The results of the control group are
the same as reported by Polat and Sagi (10).

All together, the results show that the collinear lateral inter-
actions impose a pattern of results that affect the decision process
that is dependent on and is influenced by target-flanker separa-
tions. Close target-flanker separations impose a high rate of FA,
as found in the control subjects, but this manifestation is deficient
in patients with MDD.

Additionally, we found a correlation between the level of
depression, as measured by the HDRS, and the above three
parameters. With decreasing HDRS scores (less depression), the
Yes response increases toward the control level (p � .013, r �

tions (�) in patients with depression (----) and healthy control subjects (�).
s as a function of target-flanker separations (�) in patients with depression
he mean. (C) Mean hit rates (pHit) changes as a function of target-flanker
rs indicate the standard error of the mean. (D) Mean false-alarm rates (pFA)
sion (----) and healthy control subjects (�). Error bars indicate the standard
epara
ange
r of t

ror ba
epres
.287) and the pHit and FA also increase (p � .004, r � –.339, p �

www.sobp.org/journal
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019, r � –.267, respectively). However, these correlations are
ot found at large distances (�3�).

As shown in the Table 1, most of the depressed subjects
eceived benzodiazepine medications on the day they were
ested. We analyzed the subjects’ performance in relation to the
ose of the benzodiazepine they received by categorizing them
ccording to “high doses” (n � 6), “low doses” (n � 15), or
none” (n � 6). Apparently, there is a nonsignificant tendency
hrough which the dose of the benzodiazepine medication is
elated to the performance in the task, that is, the performance
pproaches the control level with decreasing benzodiazepine
oses. However, we also found a positive correlation between
he dose of the medication and the level of depression. In other
ords, with elevated levels of depression, the subjects’ medica-

ion doses increased as well. Thus there is a confounding effect
hat prevents us from concluding which condition, the depres-
ion or the medication, is the main factor that precedes and
nfluences the performance in the task.

iscussion

We explored whether local and global neural networks
articipating in decision making and collinear interactions, in-
olved in the filling-in process in patients with MDD, are
ifferent in the healthy control subjects. Our results, which
eplicated those of Polat and Sagi (10) for the control group,
how that collinear interactions induced a high rate of false
larms for short distances, but the hospitalized MDD patients
ere not affected by the proximity of the collinear flankers. This

ignificant difference is found despite the fact that the sensitivity
f the two groups is not different. Moreover, the patients
erformed similarly to the control group at the intermediate and
he far distances, indicating that the difference stems not from a
eneral behavioral malfunctioning but rather from a specific
hange. The significant difference between the two groups is not
eflected in sensitivity (d=) differences as one should expect from
ncreased facilitation at short distances. According to Polat and
agi (10), d= measurements are not stable, in particular at short
istances at which pHit approaches saturation. This technicality
an explain the absence of an increase in d= at a distance of 3 �
7). Thus sensitivity, as measured by d=, does not vary consider-
bly with distance.

The illusory percepts in the control group are most likely the
esult of a filling-in process that produces illusory contours.
ecording with functional magnetic resonance imaging methods
as shown that hit and false alarm responses in a simple
etection task (Yes-No, as used in our study) are correlated with
euronal activity in the visual cortex (22,23). Thus collinear
lankers may produce neuronal activity at locations correspond-
ng to the target to produce false alarms. In other words, the
ncrease in false-alarm responses may reflect an increase of
eural activity in the neural network that processes the stimuli at
ocations not directly stimulated by the input but rather by lateral
nteractions within the network. The correlation between FA and
he architecture of collinear interactions supports the proposal
hat FA occurs because of excitatory input from the flankers to
he target, and it supports earlier studies suggesting that collinear
nteractions promote illusory contours (8–10).

These psychophysical results are consistent with a recent study
10) showing that collinear flankers induced more reports of FA
ithin the range of the lateral interactions in the control subjects

han in the patients. The finding that the patients do not display a
igh FA rate may imply a deficit in the filling-in process and can be

xplained as resulting from reduced excitation between neurons.

ww.sobp.org/journal
To understand further whether the difference between MDD
and control subjects is of perceptual or cognitive (decisional criteria)
origin, we recently conducted a criterion-free experiment (24). In
this experiment, we measured the lateral interactions using two
alternative spatial force choice. The target and flankers were con-
tinually presented until the subject answered, and thus no atten-
tional limitation was imposed. The task included contrast discrimi-
nation (0 and 1 �) and contrast detection (2–12 �). The control
subjects exhibit the typical function (7,25) that is, suppression for
the contrast discrimination task (0 and 1 �) and facilitation for the
contrast detection task. In contrast, the depressed subjects per-
formed similarly to the control subjects only at far distances,
whereas at short distances (contrast discrimination) the expected
suppression is absent. This suggests that the depressed subjects
discriminate better between small contrast differences (24). Sup-
pression in contrast discrimination tasks is explained as being due to
either the response saturation of neurons (26) or to increased noise
level (27). High levels of inhibition may prevent the neurons from
reaching saturation (26) or may reduce the noise level (28). Thus
our recent results may suggest that perceptual processing could
operate under high inhibitory levels in patients with depression. If
so, the increased level of inhibition may have reduced the level of
excitation, the noise level, or both, which in turn might lead to a
deficient filling-in process in MDD.

Studies have shown that depressed subjects lack the standard
perceptual illusions. These subjects have been characterized as
“sadder but wiser,” and their judgment has been termed as
“depressive realism” (5,6). Moreover, these studies suggest that
depressed individuals may lack normal optimistic biases and
distortions. As we found in our present study, depressed subjects
are not affected by the filling-in illusion in the same manner as
the control subjects. A recent article (29) proposed that the
judgment of the depressed subjects results from a response
criterion, meaning a decision process rather than a perception
process. These authors suggest that depressed subjects adopt a
more conservative criterion than do normal control subjects.
Herein we showed that depressed subjects show differential
deficiency in a task that is correlated with lateral excitation;
otherwise they performed similarly to the control subjects. This
result is consistent with our recent study (24) indicating that the
patients performed like the control subjects regarding the con-
trast detection task but not regarding the contrast discrimination
task. Because the sensitivity between the two groups is not
different, a more plausible explanation is that the deficiency is at
the perceptual processing level rather than at the decision
processing level.

Can the deficient performance be affected by benzodiaz-
epines, which the patients take, that interact with the GABAA

receptor of the neurotransmitter GABA (y-aminobutyric acid)?
Lorazepam is a drug that is characterized as a benzodiazepine; it
acts by enhancing GABA, the main inhibitory neurotransmitter of
the GABAA receptor. Lorazepam (but not other benzodiazepines
such as diazepam) has been shown to affect perceptual tasks
such as integration of contour elements through low-level fill-
ing-in and grouping or figure ground segmentation (30–32). As
shown in the Results, most of the depressed subjects received
benzodiazepine medications on the day they were tested. How-
ever, only 19% of the depressed subjects (n � 4) received
lorazepam (Lorivan), but their performance did not differ signif-
icantly from that of the subjects who received other types of
benzodiazepine medications. The analysis of the subjects’ per-
formance in relation to the dose of the benzodiazepine indicated

a nonsignificant tendency through which the dose of the benzo-
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iazepine medication is related to the performance in the task,
hat is, the performance approaches the control level with
ecreasing benzodiazepine doses. In contrast, we found a pos-
tive correlation between the dose of the medication and the
evel of depression. In other words, with elevated levels of
epression the subject’s doses of medications increased as well.
hus, there is a confounding effect that prevents us from
oncluding which condition is the main factor that precedes and
nfluences the performance in the task, either the depression or
he medication. In addition, some of the medications are aimed
t handling the anxiety symptoms of the patients, and this may
ffect part of the results. More investigation is necessary to
nderstand whether the depression state influences the percep-
ual performance.

In another study (33), the investigators showed that unmedi-
ated depressed patients exhibit significantly lower occipital
ortex GABA concentrations relative to healthy subjects. If so,
ne would expect that lower GABA concentrations should be
anifested in higher levels of excitation, which contradicts the

ffect suggested by our results. However, the authors (33) also
uggested an alternative possibility in which reduced GABA
evels might reflect a relative deficit in glutamic acid decarbox-
lase activity owing to increased GABA degradation. This sug-
estion is more consistent with our results of reduced excitation.
hus it may be possible that the overall reduction of the
xcitation is more pronounced than the reduction of inhibition,
esulting in shifting the balance toward an increased inhibitory
ffect in depressed patients.

An alternative explanation for the difference between the pa-
ients and the control subjects is that performance in detection tasks
epends on integration between sensory and decisional processes
19). Thus the patients may be unable to match their internal
epresentation to different sensory information and may still have a
endency to report “no” in general as a manifestation of depression.

A similar model emphasizes the need to consider the perfor-
ance of schizophrenic patients not in terms of “generalized deficit”
ut that “the cognitive disturbance is a change in the way stored
aterial is integrated with sensory input” (34).
In summary, our results indicate that the patients are not

ffected by the proximity of collinear flankers at 3 �, whereas
ontrol subjects are. Regardless of whether the results are viewed
s low-level deficits in neural excitation and inhibition or deficits
n the decision process, we showed that the effect is correlated
ith depression. Further investigation is necessary to understand
hich mechanism underlies these deficits.

Parts of this study were supported by the National Institute of
sychobiology in Israel, funded by the Charles E. Smith Family.

The authors reported no biomedical financial interests or
otential conflicts of interest.
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