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We examined whether early visual processing reflects percep-
tual properties of a stimulus in addition to physical features.
We recorded event-related potentials (ERPs) of |13 subjects in
a visual classification task. We used four different stimuli which
were all composed of four identical elements. One of the
stimuli constituted an illusory Kanizsa square, another was
composed of the same number of collinear line segments but
the elements did not form a Gestalt. In addition, a target and a
control stimulus were used which were arranged differently.
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These stimuli allow us to differentiate the processing of co-
linear line elements (stimulus features) and illusory figures
(perceptual properties). The visual NI70 in response to the
illusory figure was significantly larger as compared to the other
collinear stimulus. This is taken to indicate that the visual N170
reflects cognitive processes of Gestalt perception in addition to
attentional processes and physical stimulus properties. Neuro-
Report 12:901-904 © 2001 Lippincott Williams & Wilkins.

INTRODUCTION

Early event-related potentials (ERPs) are strongly influ-
enced by physical stimulus properties: e.g. the visual N170
is enhanced for stimuli which are composed of four rather
than three inducer disks [1]. Therefore, the amplitude of
the N170, for one part, reflects bottom-up processes which
are mainly driven by physical stimulus properties. More-
over, it has been shown that attending to the hemifield in
which a stimulus is presented can enhance the amplitude
of the N170 [2]. Hence, the amplitude of the N170 also
reflects processes of attention that operate at an early stage.
It is still unclear, however, whether other cognitive pro-
cesses, such as the identification of a Gestalt, also modulate
the N170 amplitude.

Visual illusions are ideally suited to investigate this
question. A Kanizsa square (Fig. 1a) does not differ from a
non-Kanizsa square (Fig. 1b) in physical stimulus proper-
ties but an additional white square is perceived [3]. There-
fore, Kanizsa figures have been used extensively to study
the perceptual properties of the visual system in beha-
vioural [4,5] and electrophysiological experiments [6-8].

The visual N170 has been shown to be larger in response
to Kanizsa figures than to non-Kanizsa figures [1]. This
indicates that perceptual processing beyond the analysis of
physical stimulus properties may be reflected by the N170
amplitude. A potential confounder in investigating illusory
figures is the presence of so-called inducer lines, i.e.
collinear line segments which are virtually connected by
perceptual processes according to Gestalt laws. It has been
demonstrated that the presence of such inducer lines leads
to neuronal discharges at locations where no real line is
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Fig. I. Two stimuli used in a previous experiment showing enhanced
N170 responses to the Kanizsa square (a) compared with the non-
Kanizsa square (b).

actually present [9,10]. In order for the brain to perceive an
illusory figure, collinear inducer lines are necessary but not
sufficient. The collinear lines also have to enclose a
potential object.

In the above-mentioned experiment, which yielded lar-
ger N170 amplitudes to Kanizsa figures, the non-Kanizsa
control figure did not contain any collinear inducer lines.
Therefore, the enhanced N170 may have resulted from the
collinear inducer lines rather than the illusory figure, since
the collinearity and the illusory Gestalt were manipulated
at the same time. To the best of our knowledge, no study
has so far manipulated the illusory Gestalt properties
without changing the number of collinear lines at the same
time. We set out to differentiate the influence of these two
features and designed a new set of stimuli to achieve this.
We used one stimulus with neither collinear lines nor an
illusory figure, one with collinear lines but without an
illusory figure and one containing both.
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MATERIALS AND METHODS

We used symmetrical black inducer disks to compose our
stimuli (Fig. 2). Usually such inducer disks have one
missing 90° segment with the length of the inducing edges
equal to the radius. Instead, we used two such segments
whose inducer lengths were 2/3 of the radius. These
stimuli can be arranged to form a Kanizsa square (Fig. 2d),
not to form a Kanizsa square but to have an equal number
of collinear line segments (Fig. 2c), or to have no co-linear
line segments at all (Fig. 2b).

Inducer disks subtended a visual angle of 2°18" and
were presented at an eccentricity of 2°24’. Thus, the whole
stimuli are projected into the field of central vision, i.e. the
first 5° that are covered by the macula [11]. The ratio of the
inducing length to the total length of the illusory figures
was 4/7. Figures were displayed on a computer monitor
placed 1m in front of the subjects. Stimuli were black on
white background and presented for 500 ms with an inter-
stimulus interval of 1s. The experiment was run in four
blocks with 100 stimuli per block.

In order to keep the subject’s vigilance at a high level
throughout the experiment, we performed a forced-choice
target detection task, i.e. a response was required for every
stimulus. Therefore, we designed an additional target
stimulus composed of the same inducer disks at a different
rotation angle (Fig. 2a). Subjects were instructed to press a
button with their right hand in response to the target
stimuli and another button with their left hand for the
three non-target stimuli. We equiprobably presented the
four stimuli shown below in a pseudo-randomized order
resulting in a target probability of 0.25.

Fourteen right-handed student subjects participated in
the experiment. All subjects gave written informed consent.
They had normal or corrected to normal vision and
showed no signs of neurological or psychiatric disorders.
One subject had to be excluded from the analysis since he
did not attend to the whole stimulus, but performed the
task by solely looking at the lower right hand inducer disk.
The remaining 13 subjects (7 female) were between 19 and
28 years old (mean age 23.3 years).

The EEG was recorded with TMS (Twente Medical
Systems, Enschede, The Netherlands) amplifiers using 22
tin electrodes mounted in an elastic cap. Electrodes were
placed according to the international 10-20 system. The
ground electrode was C2 and all electrodes were refer-
enced to the left mastoid (M1). Electrode impedance was
kept below 5kQ. Horizontal and vertical EOG were regis-
tered with four additional electrodes. Data were sampled
at 250 Hz and analog-filtered with a 0.05Hz high-pass and
a 70Hz low-pass filter. ERPs were low-pass filtered at
25Hz for display.
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Averaging epochs lasted from 100ms before to 800 ms
after stimulus onset. All epochs were visually inspected for
artefacts and rejected if eye movement artefacts or elec-
trode drifts were visible. Baselines were computed in the
—100ms to Oms interval in each single trial and subtracted
prior to computing the ERP averages.

Trials in which a response error was made were rejected
from the data, as were trials in which the response time
(RT) exceeded the mean by more than 2.5 standard devia-
tions. RTs, error rates, and ERP data were investigated for
effects of the condition by means of repeated measures
ANOVAs. The factor condition comprised the following
levels: Kanizsa, collinear, control, target.

ERP components were defined as mean amplitudes in
the time intervals 80-110ms (P100), 150-180ms (N170)
and 400-600ms (P300). For the P100 and N170 time
windows, ANOVAs were computed only for the three
non-target conditions to avoid the potential confounding
with target processing. The factors of the ANOVAs for
ERP components were condition and electrode (O1, Oz, O2
in the P100 and N170 time window; P3, Pz and P4 in the
P300 time window).

All effects with two or more degrees of freedom in the
numerator were corrected for violations of sphericity and
the Greenhouse-Geisser epsilon was used to adjust the p-
values. Post-hoc contrasts were computed using repeated
measures ANOVAs with a single factor comprising two
levels which is equivalent to a paired f-test.

RESULTS

An ANOVA for the RTs revealed a significant main effect
of condition (F336 =66.88, p<0.0001) indicating slower
reaction times for the infrequent target (459 ms) than for
the frequent non-targets (Kanizsa figure 402ms, collinear
non-Kanizsa figure 396ms, and non-collinear stimulus
399ms). Post-hoc comparisons of the three non-targets
found no significant differences (Fp 24 =1.43, p>0.1).

An ANOVA of the error rates also yielded a significant
main effect of condition (Fs3,=33.80, p<0.0001) indi-
cating higher error rates to targets (21%) than to non-
targets (Kanizsa figure 1.2%, co-linear non-Kanizsa figure
0.5%, and non-collinear stimulus 0.8%). Post-hoc compari-
sons of the three non-targets found no significant differ-
ences (F4=1.42, p>0.1).

Figure 3 shows the ERPs in response to all four stimuli.
All stimuli resulted in a P100 and N170 component. Peak
latencies of visual P100 and N170 were ~100ms and
160 ms, respectively (Fig. 4). The target stimulus evoked an
additional P300 component peaking around 450ms. In the
first (P100) time window no significant effects of condition
could be detected at occipital electrodes (F,24 <1). Thus,
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Fig. 2. The four stimuli used in our paradigm: The target (a), a control (b), the collinear non-illusory figure (c) and the illusory figure (d).
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Fig. 3. ERPs at posterior electrodes in response to the Kanizsa square (—), the collinear non-illusory figure (----), the control (— — —) and the target
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Fig. 4. ERPs at electrodes Ol and O2 in response to the Kanizsa square (—) and the collinear non-illusory figure (----) reveal a larger N170 for the

illusory Kanizsa figure.

the P100 component was unaffected by the experimental
manipulation. In contrast to this, the N170 varied as a
function of condition as revealed by a significant main
effect of condition (F,24 =4.96, p <0.05) in the second time
window (Kanizsa: —3.75uV, co-linear: —2.10uV, control:
—2.63 uV). Interestingly, the target evoked an intermediate
N170 amplitude of —3.14 pV.

In order to avoid a correction for multiple comparisons,
only two independent post hoc contrasts were computed,
more specifically, Kanizsa vs (collinear + control)/2 and co-
linear vs control. The first contrast revealed that the N170
is significantly more negative in the Kanizsa condition than
in the remaining two conditions (Fi12=7.28, p<0.05).
Furthermore, the second contrast revealed that the N170
was not significantly affected by collinearity (Fi1,=1.1, p>
0.1).

An ANOVA for the P300 time window yielded a signifi-
cant main effect of condition (F3 3¢ =43.56, p <0.0001) indi-
cating larger amplitudes for the infrequent target than for

the frequent non-targets. A post-hoc ANOVA yielded no
significant main effect of condition for the three non-targets
(F2‘24 =238, p=> 01)

DISCUSSION

Our results demonstrate that the presence of illusory
contours that constitute a Gestalt leads to larger N170
amplitudes than does a comparable stimulus with the same
amount of collinear inducer lines but without Gestalt
properties. Moreover, the stimulus with collinear line
segments did not evoke larger N170 amplitudes than the
control stimulus without collinear lines. This indicates that
Gestalt properties rather than collinearity influence N170
amplitude.

Former interpretations of ERPs have proposed early
components (N170 and earlier) to reflect exogenous stimu-
lus characteristics while later components (P200 and later)
reflect endogenous cognitive processes [12]. In addition, it
has been demonstrated that top-down mechanisms of
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spatial selective attention can modulate the amplitudes of
N170 and P100 [2,13]. Thus, processes of selective attention
might be a possible explanation for the observed N170
differences between the Kanizsa figure and the collinear
non-illusory figure. Similar to spatial selective attention,
object selective attention towards Kanizsa squares could
have led to an enhanced N170. If this were true, however,
an enhanced P300 would have been expected for the
Kanizsa figure as compared to the collinear non-illusory
figure, since the P300 is sensitive for attended stimuli. Even
though we did observe a significant P300 increase for the
target as compared to the three standards, however, there
were no significant differences in P300 amplitude between
the standards. Furthermore, selective attention is known to
influence RTs and error rates [14]. However, we did not
observe any differences in RTs or error rates between the
three standard conditions. Thus, we assume the two condi-
tions of interest for our Gestalt argument, which are both
standards, to catch a similar amount of attention. Never-
theless, the Kanizsa square evoked a larger N170 ampli-
tude than the collinear non-illusory figure. Even the target
which evoked a typical target P300 evoked a smaller N170
than the Kanizsa figure. Therefore we rule out that the
observed N170 modulation reflects an effect of selective
attention.

Thus, we argue that N170 amplitude reflects the percep-
tual processing of Gestalt properties in addition to the
previously formulated exogenous and attentional modula-
tions. These results are in line with findings that show
hemodynamic responses to illusory figures in primary
visual cortex V1 and V2 [15-17]. The mere presence of co-
linear lines does not seem to be sufficient for enhanced
visual processing.

Other experiments also suggest that perceptual pro-
cesses influence the N170 amplitude. In a binocular rivalry

task, N1 amplitudes dramatically decreased when the
percept remained stable in response to a stimulus change
compared with when a conscious change of perception
occurred [18]. Therefore, we propose that the endogenous
processes underlying N170 generation are mainly those
attributable to attention and conscious perception. Ob-
viously, the presence of a Gestalt is an important para-
meter which modulates these processes.
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