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electrophysiological differences in these ‘alcoholics’ and
non-alcoholics. In another study [5], the authors have used
high frequency VEP signals to classify alcoholics and nonalcoholics.
The most common artifact that corrupts and makes
processing of VEP signals difficult is the background or
ongoing electroencephalogram (EEG). The brain is
constantly engaged in other activities even while during
external visual perception and this causes the ongoing
EEG. In terms of signal processing, EEG signals are much
higher in amplitude than VEP signals and in some cases
share the same spectral bandwidth with VEP signals.
Furthermore, EEG signals are highly variable. All these
cause difficulty in VEP analysis. To reduce the effects of
the ongoing EEG from VEP, ensemble averaging is a de
facto standard in the pre-processing stage [6]. Although
averaging helps to decrease the noise variance [7], it also
has the unwanted effect of smoothing out the responses
from multi-trial VEP signals, which are not strictly timelocked.
Here, the well known P3 component of VEP is
analysed. The P3 (or P300) component is the third positive
component within VEP, which normally occurs at between
300 and 600 ms after the stimulus, and reaches its
maximum value in the midline parietal area of the brain
[2,3]. This component is evoked in a variety of decisionmaking tasks, and in particular when a stimulus is
recognised.
The most common method to evoke P3 responses is
through ‘oddball’ experimental paradigm [3, 8]. Using this
method, some studies have reported lower P3 amplitudes
for alcoholics as compared to non-alcoholics [2, 3]. The
study by Zhang et al [4] has shown that no significant
difference exist between alcoholics and non-alcoholics
using c320 (similar to P3) responses in the parietal region
(like Pz). This study used modified delayed “matching-tosample” paradigm to invoke short-term visual memory.
Therefore, this work here is novel as previous studies
involving decision making ability in alcoholics used
parameters from averaged VEP signals, where the specific
study by Zhang et al [4] showed no significant difference
in decision making ability related to short-term visual
memory.
As such, our objective here is to show that significant
difference does exist in P3 responses (specifically from the
Pz channel). To achieve this, single trial analysis is
adopted rather than the usual ensemble averaging. Since
invoking short-term visual memory involves recognition,
we set out to analyse single trial P3 amplitudes. We

Abstract — We investigate the decision making ability of
subjects with a history of long-term intoxicant (alcohol)
consumption in relation to short-term visual memory using P3
amplitudes obtained from single trial visual evoked potential
(VEP) signals. This is made possible by means of digital
filtering and principal component analysis (PCA). The results
show a significantly lower P3 amplitude for these subjects as
compared to controls. This electroencephalogram based
analysis conforms with the common knowledge that long-term
alcohol use causes permanent and negative residual effects on
decision making ability related to short-term visual memory.
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I. INTRODUCTION
HE abuse of intoxicants, especially alcohol, is a major
cause of concern, however, only in the recent years,
we have seen studies focusing on the ill-effects caused
by long-term use of alcohol. But there is still much that has
yet to be discovered on the effect of the residual effects of
excessive and long-term use of alcohol on mental
activities. The nature of certain jobs (like drivers requiring
to decide an action based on immediately seen road signs)
makes it important to study the effects of alcohol on shortterm visual memory.
Visual Evoked Potential (VEP) is the electrical
potential recorded at the scalp using electrodes when the
subject is evoked by an external visual stimulus. The use of
VEPs in neuropsychological studies is a common practice
due to their non-invasive nature [1]. One of the important
applications of VEP has been in the diagnosis of various
health problems related to the brain like epilepsy,
depression and sleep disorders. In relation to alcoholism,
VEPs have been used in analysing the electrophysiological
differences in subjects with a history of long-term alcohol
consumption and controls (non-alcoholics) [2, 3, 4]. These
studies have used parameters like c240 and c320, P3 and
N4 obtained from averaged VEP signals to study the
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followed the approach from Zhang et al [4] and focused on
VEP signals extracted from object recognition recordings
while performing a modified delayed “matching-tosample” paradigm. Using the proposed single trial
approach, we provide statistical evidence of significant
differences in the P3 amplitudes between alcoholics and
non-alcoholics.

be straightforwardly named, that is they are associated with
definite verbal labels. This fact is important as some
amnesics may perform differently on recognition tasks
using complex (abstract) pictures [10]. In order to preserve
the consistency of the representation and to suit the mental
task under investigation, the pictures were grouped into
different categories based on their relevance to the memory
and cognitive processing within the brain.
The first visual stimulus (S1) shown to subjects was a
randomly chosen picture from the modified database, as
explained above. The second stimulus shown was chosen
according either to the matching (S2M) or non-matching
(S2N) rule, relative to the initial stimulus (S1). To reduce
the possible ambiguity, S2N was chosen to be different
from S1 not only in its visual appearance but also in terms
of the semantics. For example, if a picture of an elephant is
shown for S1, then S2N will not be a picture from the
animal category. One-second EEG measurements after
each stimulus presentation were recorded. Figure 1 shows
a stimulus presentation for the case of S2N.

II. METHOD
The data set from Zhang et al [4] were used, where 20
subjects (10 alcoholics and 10 controls) were considered.
The alcoholics were significantly older than the control
subjects [t(118.9)=12.64, p=0.0001]. The mean age for the
control group was MA=25.81 years (SD=3.38) ranging
from 19.4 to 38.6 years of age. The mean age of alcoholic
group was MA=35.83 (SD=5.33), ranging from 22.3 to
49.8 years. The alcoholics tested had been abstinent for a
minimum period of one month (through closed ward
detention). Most of the alcoholics had been previously
drinking heavily for a minimum of 15 years. The diagnosis
of alcohol abuse was made by the intake psychiatrist of the
Addictive Disease Hospital in Brooklyn according to
DSM-III criteria. The control subjects were matched for
age to the alcoholics as much as possible, and were not
alcohol or drug consumers. The two groups were also
matched for socioeconomic status.
In this study, P3 responses were obtained while
subjects performed an object recognition task for three
types of visual stimuli: i) a single stimulus (S1); ii) S1
followed by a second matching stimulus (S2M); iii) S1
followed by a second non-matching stimulus (S2N). This
added to the complexity of the mental task, which involves
not only stimulus recognition, but also short-term memory
encode/access, and decision making. The objects presented
to the subjects were chosen from the Snodgrass and
Vanderwart standardised picture set [9].

Fig. 1. Example of stimulus presentation for the case of
S2N.

A. The experiment setup
During the experiment, the subjects were seated in a
reclining chair located in an RF shielded soundproof room.
Measurements were taken from 64 EEG channels that were
sampled at 256 Hz, from electrodes placed on the scalp of
a subject. The electrode positions were chosen according
to an extension of the Standard Electrode Position
Nomenclature, as recommended by the American
Encephalographic Association. The visual stimuli were
shown on a computer display unit located 1 meter away
from the subject. The duration of each visual stimulus was
300 ms, with the inter-stimulus interval of 1.6 s and the
inter-trial interval of 3.2 s. Presentations of matching and
non-matching objects were random. The subjects were
asked to decide whether the second picture (S2) was from
the same group the first one (S1). After the presentation of
S2, the subjects were instructed to click a mouse key in
one hand if S2 matched S1 and to press a mouse key in the
other hand if S2 was different from S1.

C. Signal Conditioning
Following the approach by Lange and Inbar [11], a
combination of frequency selective digital filtering and
statistical subspace decomposition was used to reduce
EEG artifacts from VEP signals. This was achieved
through low pass digital filtering and Principal Component
Analysis (PCA). Figure 2 shows a block diagram of the
whole single trial P3 analysis procedure. The signals in the
data set were hardware bandpass filtered between 0.02 and
50 Hz, a commonplace in practical EEG data
manipulation. The nose electrode was used as reference.
The eye-blink artifact contaminated VEP signals were
removed from the records, and were detected based on
amplitude discrimination (the threshold value of 100 μV
was used since blinking typically produces potential of
100-200 μV lasting for 250 ms [12]. For every subject, a
total of 40 S1, 20 S2M and 20 S2N artifact-free trials were
used in the analysis.

B. The mental task
The VEP signals were recorded while the subjects were
presented with two consecutive visual stimuli, which were
pictures of objects from the Snodgrass-Vanderwart picture
set [9]. These pictures represent various objects, which can
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amplitudes between alcoholics and non-alcoholics. This
choice was based on the assumption of normal distribution
of the P3 responses, because the number of trials were
much higher than 30 (rule-of-thumb limit for using t-test).
The significance level of the t-test was 0.05.
Our aim is to show that the amplitudes of VEP
responses are affected by long term alcohol abuse, and
hence the decision making based on visual stimuli.
Table 1 gives the results of t-test analyses for single
trial amplitudes of P3 responses. The term condition in the
table refers to the tested hypothesis. For example, S1<S2M
means that the tested hypothesis is that S1 amplitudes are
lower than S2M amplitudes. For alcoholics, these tests
showed that P3 amplitude responses for S1 were smaller in
magnitude than those for S2M and S2N. However, there
was no significant difference between P3 amplitudes for
S2M and S2N. For non-alcoholics, the t-test showed that
P3 responses for S1 were smaller in magnitude than those
for S2M and S2N, which is similar to the result for
alcoholics. However, the P3 responses for S2M were
larger in magnitude than those for S2N.
Next, the hypothesis that the amplitudes of P3
responses for alcoholics are lower than those for nonalcoholics was tested. The results of the statistical test are
given in Table 2. From the Table, it can be seen that the P3
responses were greater in magnitude for alcoholics as
compared to non-alcoholics for S1, S2M and S2N, with the
significance of differences in descending order.

Fig. 2. Block diagram of the proposed single trial P3
amplitude and latency analysis.
Following the approach from by Begleiter et al [3],
where P3 responses were shown to be band-limited to 8
Hz, the extracted VEP signals from S1, S2M and S2N
were lowpass filtered using a combination of a 9th order
forward and 9th order reverse Butterworth digital filter with
a cutoff frequency at 8 Hz. This way, a minimum
attenuation of 30 dB was achieved in the stop band, with
the transition band being between 8 and 12 Hz.
D. Reducing EEG from single trial VEP
To reduce EEG artifacts, PCA was applied to the 64channel VEP data, and a total of 400 single trials of S1,
200 single trials of S2M, and 200 single trials of S2N were
analysed for both alcoholics and non-alcoholics.
Let matrix z denote the extracted signal, and let R be
the covariance of z , given by
(1)
R = E(zz T )
where E( ) denotes the statistical expectation operator. Let
F be the orthogonal matrix of eigenvectors of R , and D
the diagonal matrix of eigenvalues of F, that
is, D = diag (d 1 ,...., d n ). Principal components (PCs) can
now be computed as
(2)
y = FTzT .
Next, the VEPs with reduced noise (i.e. background
EEG) were reconstructed using
~
~z = F
(3)
yˆ ,

TABLE 1: T-TEST RESULTS FOR SINGLE TRIAL P3
AMPLITUDES
Subject
Alcoholics

Nonalcoholics

~

Condition
S1<S2M
S1<S2N
S2M>S2N
S1< S2M
S1<S2N
S2M>S2N

Result
t(394)=-1.92,p=0.028
t(276)=-1.25, p=0.11
t(332)=0.08, p=0.47
t(436)=-1.55, p=0.061
t(410)=-0.81, p=0.79
t(396)=2.08, p=0.019

TABLE II: T-TEST RESULTS FOR SINGLE TRIAL P3
AMPLITUDES WITH ALCOHOLICS<NON-ALCOHOLICS
ALTERNATIVE HYPOTHESIS

where F and ŷ denote respectively the eigenvectors and
PCs which correspond to eigenvalues whose values are
greater than unity.
Using PCA, vector space projections are performed
along the directions of the components that describe most
of the signal variance (power). Based on this principle,
Lange and Inbar [11] have shown that the first few PCs
account for a large proportion of the VEP variance, while
the rest can be attributed to the background EEG noise. In
this work, to select the number of PCs to be used, Kaiser’s
rule [13] was applied. This way, PCs for which the
eigenvalues are greater than unity were considered to be
part of the VEP subspace.

Stimulus
S1
S2M
S2N

Results
t(725)=-6.87, p=7 x 10-12
t(381)=-5.23, p=1 x 10-7
t(384)=-2.25, p=0.013

IV. DISCUSSION
To analyse the electrophysiological differences in mental
tasks between alcoholics and non-alcoholics, we have
analysed P3 responses from single trial VEP signals. The
data collected by Zhang et al [4] were used, where no
significant difference in the quality of processing of mental
tasks was reported between alcoholics and non-alcoholics.
This was achieved using the c320 (similar to P3)
responses. In that work, ensemble averaging method was
used to reduce EEG artifacts from VEP signals. It has been
elsewhere reported that alcoholics exhibit lower P3
amplitudes [2, 3] and longer latencies [1], as compared to
non-alcoholics.

III. EXPERIMENTAL RESULTS
Single trials of VEPs from the Pz channel were analysed,
because the P3 response reaches its maximum in the
middle parietal area [2, 3, 8]. The amplitude of P3
responses was identified as the largest positive peak in the
period of 300-600 ms after the stimulus onset. The t-test
was used to establish a statistical difference in P3
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In this paper, as an alternative to the ensemble
averaging approach, single trial responses have been [1]
analysed. These were obtained using digital filtering
methods together with PCA.
The P3 response is commonly associated with the [2]
decision-making process. The amplitude response results
conform to the analysis of Bentin and McCarthy [14],
where it was shown that matching repeated stimuli (like
S2M) results in a higher amplitude of P3 response as
compared to a single (such as S1) or non-matching [3]
stimulus (such as S2N). The non-alcoholics exhibit this
behaviour but for the alcoholics, this is the case only
partially, that is, S2M amplitude > S1 amplitude but not
S2M amplitude > S2N amplitude. This indicates that
alcoholics might have difficulty when deciding whether the
second stimulus was matched or non-matched to the first [4]
one.
Non-alcoholics have also been found to be able to
make more confident decisions, as represented by the P3 [5]
amplitudes being higher as compared to the ones for
alcoholics. However, this difference is emphasised only for
simpler tasks like S1 and S2M, while for S2N, this [6]
difference is marginal.
The results from the analyses indicate that the
[7]
differences of P3 amplitudes between alcoholics and nonalcoholics are significant for stimuli S1, S2M and S2N, in [8]
a decreasing order. In conclusion, the proposed single trial
P3 analyses have provided strong evidence that significant
electrophysiological differences for the delayed matching- [9]
to-sample paradigm experiment do exist between
alcoholics and non-alcoholics. This conforms to existing
studies on the permanent and damaging residual effect of
[10]
long-term alcohol use.
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