
was obtained from all subjects or their parents. 

Visual stimuli and procedure
Gabor patches at alow spatial frequency (1 cycle per

degree, CPD) directed at 45° and 135° with 0.5° half-
Gaussian ramp in the periphery area and a smiling face,
were randomly presented in the center of a Sony G220
monitor (Sony, Tokyo, Japan) with 1024×768 pixel reso-
lution, a frame rate of 60 Hz, and 128 cd/m² background
luminance. Patterns of stimuli are shown in Figure 1. 

The experimental procedure was controlled on a com-
puter using the E-Prime 2.0 software (Brain Products
GmbH, Munich, Germany), which sent the experimental
events to the Net station and utilized a single-clock system
to time-lock these experimental events with the EEG data.
Each block consisted of 200 stimuli, of which 70% were
Gabor patches directed at 45° (Non-target stimuli), 20%
at 135° (target stimuli) and 10% smiling faces (novel stim-
uli). All stimuli subtended to 9°×9° diameter at a testing
distance of 1 m. Each stimulus lasted for 200 ms and the
interval between successive stimuli onsets varied between
1000 and 2000 ms randomly. A black cross was continu-
ously visible in the center of the display during the interval
to keep eyes’ fixation. Observers were required to press
the ENTER button as soon as the target stimuli were pre-
sented. Behavioral data and ERP waves were recorded si-
multaneously. 

ERP acquisition and analysis 
Acquisition and processing techniques of visual ERPs

were described by Banko et al11. ERPs were recorded
using a Brain Products MR amplifier (Brain Products
GmbH, Munich, Germany) from 64 Ag/Agcl scalp elec-
trodes mounted on an elastic cap (Easycap GmBH,
Herrsching-Breitbrunn, Germany) using a modified 10-
20 placement system, with sample rate at 1000Hz and
bandpass filtering at 0.5-30Hz. One additional electrode
was placed above the left eye for the purpose of recording
the electrooculogram.

All subjects rested adequately before the test and were
kept alerted during the separate blocks of the study. They
placed their chins on a chin rest and viewed the central
display horizontally with the amblyopic eye or the non-
dominant eye (controls) at a distance of one meter. The

other eye was completely patched with a black cloth dur-
ing testing. Electro-gel was applied to keep all electrodes
impedance below 10 kΩ (Figure 2). Processing of recorded
ERP waves was done using Brain Vision Analyzer 2.0
(Brain Products GmbH, Munich, Germany) off-line.

Statistical analysis
Behavioral data: Reaction time was calculated as the

time from the stimulus onset to correct response. Accuracy
was defined as the percentage of correct responses. One-
way ANOVA or Kruskal-Wallis test was used depending
on the normality or not of data distribution. A p value of
<0.05 was considered significant.

ERP data: ERP averages elicited by novel stimuli were
calculated from 200 ms before stimulus presentation to
1000 ms post onsetand the largest positive peak within the
350-600 ms time window was labeled as P3a peak. N200
peak was determined as the negative peak within the 240-
360 ms time window. One-way ANOVA or Kruskal-Wallis
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Table 3: Latency of P3a and N200 waves and amplitude of P3a event-related potential (ERP) at Fz electrode (the central
electrode at frontal lobe), expressed in mean, standard deviation, median, upper and lower quartiles.

N mean SD median Q25 Q75
Latency of control subjects 13 427.69 54.47 406.00 388.00 493.00
P3a(ms) Severe amblyopes 13 482.92 66.08 490.00 435.00 548.00

mild-to-moderate amblyopes 14 471.71 50.58 475.00 429.00 506.00
Amplitude of control subjects 13 7.33 6.56 6.24 3.32 10.91
P3a(µV) Severe amblyopes 13 7.46 8.18 6.49 2.16 8.68

mild-to-moderate amblyopes 14 14.16 7.82 9.81 9.06 21.85
Latency of control subjects 13 267.69 37.52 250.00 240.00 297.00
N200(ms) Severe amblyopes 13 275.08 38.47 276.00 241.00 302.00

mild-to-moderate amblyopes 14 269.00 26.07 261.00 245.50 293.00
N: number of subjects, SD: standard deviation, Q25: lower quartile, Q75: upper quartile.

Figure 3: Left panel: Grand average ERP waveforms elicited
by novel stimuli at Fz electrode in control subjects (red line),
severe anisometropic amblyopes (blue line) and mild-to-mod-
erate anisometropic amblyopes (black line). Right panel: Scalp
potential maps at 494, 576 and 584 ms after novel stimuli onset
(corresponding to the respective peak latencies in grand aver-
age ERP waves) in control subjects (top), mild-to-moderate
anisometropic amblyopes (middle) and severe amblyopes (bot-
tom). Dots indicate electrode positions on the scalp. 




