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Abstract-In the present study an attempt was made to focus in
the differences between Obsessive-Compulsive Disorder (OCD)
patients and healthy controls, as reflected by the P600 compo-
nent of event-related potential (ERP) signals, to locate brain ar-
eas that may be related to Working Memory (WM) deficits.
Neuropsychological research has yielded contradicting results
regarding WM in OCD. Eighteen patients with OCD sympto-
matology and 20 normal controls (age and sex matched) were
subjected to a computerized version of the digit span Wechsler
test. EEG activity was recorded from 15 scalp electrodes (leads).
A dedicated computer software was developed to read the
ERP signals and to calculate features related to the ERP
P600 component (500-800 ms). Nineteen features were
generated, from each ERP-signal and each lead, and were
employed in the design of the Probabilistic Neural Network
(PNN) classifier. Highest single-lead precision (86.8%) was
found at the Fp2 and C6 leads. When the output from all single-
lead PNN classifiers fed a Majority Vote Engine (MVE), the sys-
tem classified correctly all subjects, providing a powerful classi-
fication scheme. Findings indicated that OCD patients differed
from normal controls at the prefrontal and temporo-central
brain regions.

Keywords—QObsessive-compulsive disorder, event-related poten-
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I. INTRODUCTION

Event-related potentials (ERPs) are specific EEG signals,
that are recorded after audio or visual stimuli, and consist of
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a series of electrical potentials (ERP components). The P600
is a late positive component, elicited between 500 and 800ms
after stimulus presentation, and it has been linked to hippo-
campal function [1-3], having much in common with work-
ing memory (WM) operation [4-6].

Obsessive-Compulsive Disorder (OCD) patients have been
previously examined for WM disorders using standard
neuropsychological tests and/or experimental behavioural
tests, but their results are contradicting; some studies have
detect dysfunctions of WM in OCD patients [11-14], while
others have found no impairments [15-17]. Recently, how-
ever, OCD patients have been examined employing ERP-
signals, detecting differences at right temporoparietal and pa-
rietal regions in the P600 component [18].

In the present study a probabilistic neural network-based
majority-vote classification scheme is proposed, in an at-
tempt to achieve high discrimination between OCD patients
and healthy controls, using characteristics extracted from the
P600 ERP-signals.

II. MATERIALS AND METHODS

In this study, 18 patients with OCD symptomatology and
20 age and sex matched healthy controls were examined. The
controls were recruited from hospital staff and local volun-
teer groups and they were free of physical illness. All par-
ticipants had no history of any neurological or hearing prob-
lems. All participants were right-handed as assessed by the
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Edinburgh Inventory [19]. Written informed consent was ob-
tained from both patients and controls. OCD patients and
controls were evaluated by a computerized version of the
digit span Wechsler test [20,21]. ERP signals were recorded
from 15 scalp electrodes; abductions set at Fpl, Fp2, F3, F4,
C3, C4, C5, C6, P3, P4, O1, 02, Pz, Cz, and Fz [22], as
shown at Fig. 1.

Features related to the P600 component of the ERP signals
were calculated using a dedicated computer software. Fea-
ture values are normalized to zero mean and unit standard
deviation [23]. A total of 19 features were extracted from
each ERP-signal; the features with highest discriminatory
power that were employed in the design of the design of the
classification system are described in the following equations
(1-7):

1. Latency (LAT) is the time interval to maximum signal
value:

LAT =1, = 4] 5() = Spac)
where s(7) is the signal value at time ¢ after stimulus.

2. Absolute Amplitude (AAMP) is the absolute value of
maximum signal value:

()

AAMP =[50, 2
3. Absolute Latency/Amplitude ratio (ALAR):
ALAR =, /S ol 3)

4. Peak-to-peak time window (PPT) is the time interval be-
tween moments where maximum and minimum signal
values appear:

PPT=¢  —t 4)

5. Zero crossings (ZC) is the number of times where the
signal is equal to zero:

Smax Smin

800ms—7

7zc= >,

t=500ms
where d,=1 if s(¢)=0, 0 otherwise.

©)

6. Zero crossings density in peak-to-peak time (ZCDPP) is
the frequency of zero crossings in peak-to-peak time
window:

ZCDPP = =

Lpp
where n.. are the zero crossings and t,, is the peak-to-
peak time window.

(6)

7. Slope sign alterations (SSA) is the number of slope sign
alterations of two adjacent points of the ERP signal:

800ms—7

ssa- S 0.5.|s(t—r)—s(t) N s(t+1)-5(0)|

et st =@ st 1) - s()|
where 7 is the sampling interval of the signal (7 =2ms,
for the sampling rate of 500Hz).

(7

The Probabilistic Neural Network (PNN) [24] was imple-
mented by a feed-forward and one-pass structure and encap-
sulate the Bayes’ decision rule together with the use of Par-
zen estimators of data’s probability distribution function. The
discriminant function of a PNN classifier for class k is given
by the following equation:

Ng

1 (x=x)" (x=x)
&k (X)=mzexr{— kzo_z : J ®

i=1

where x =[x x5 ... xd]T is the test pattern vector to be clas-
sified, x; is the i-th training pattern vector, Ny is the number
of patterns in class k, o is a smoothing parameter, and d is
the feature space dimensionality. The test pattern x is classi-
fied to the class with the larger discriminant function value.

For classifying a subject as belonging to either the
“OCDs” or “controls” category, a classification system was
developed based on our previous work [25] as shown in Fig.
1. At each lead there is a PNN classifier working, designed to
use the lead’s particular best P600 features and to assign the
P600 component to one of two classes. The outcome of each
lead (either “OCD” or “control”) is collected by a Majority-
Vote Engine (MVE), which decides on the class by a major-
ity-vote rule.

The performance of the classification system was evalu-
ated by means of the leave-one-out method and results were
presented in truth tables that revealed the classifier’s dis-
criminatory ability.

Majority
Vote Engine

ddqﬁéobbbb?ﬁ%‘

PNN classifiers

‘ Feature generation software : — ‘

Fig. 1: Schematic diagram of lead distribution and network of
PNN classifiers with the Majority-Vote Engine.
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III. RESULTS AND DISCUSSION

Highest single-lead precision (86.8%) was found at the
Fp2 and C6 leads. When the classification result of all single-
lead PNN classifiers passed through a Majority Vote Engine
(MVE), the system classified correctly all subjects. Tables 1
and II show best results and best feature combinations ob-
tained at the Fp2 and C6 abductions by the PNN classifier
employing the leave-one-out method. Fig. 2 illustrates the
best 2-features combination at lead C6 with the PNN deci-
sion boundary. Outliers (see Fig.2 and Tables I and II) may
be due to noise in the ERP signals caused by the recording
procedure.

In a previous study by our group [25], a similar classifi-
cation scheme was employed to discriminate between de-
pressive patients and healthy controls and it was found that
the use of the SVM classifier at each electrode gave higher
classification accuracies than the PNN, while in the present
study the opposite is true. This may imply that the choice of
classifier is application specific, although the majority vote
end-stage in both classification schemes gave best results.

The differences between OCD patients and normal con-
trols at Fp2 and C6 abduction are important since ERPs from
the temporo-central region have been previously associated
with the subject’s effort to respond to evoked stimuli [26]. In
addition, in a recent MRI study differences between OCD
patients and normal controls were found at the posterior orbi-
tofrontal and right parietal regions [27] and, in a recent study
employing PET, differences were found at the right parietal
region, which was associated with the severity of OCD
symptoms [28].
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Fig. 2: Best 2-feature/lead C6 combination diagram with PNN
decision boundary (triangles: OCDs, circles: controls). Feature
values are normalized [23].

TABLE |
BEST FEATURE COMBINATION AT LEAD FP2 (LAT, ALAR, ZCDPP, SSA),
EMPLOYING THE PNN CLASSIFIER WITH THE LEAVE-ONE-OUT METHOD.

Fp2 lead PNN classification

Groups OCDs Controls  Accuracy
OCDs 14 4 77.8% (Sens.*)
Control 1 19 95.0% (Spec.*)
Accuracy 93.3% 82.6 % 86.8%

(PPV*) (NPV*) (Overall)

*  Spec. =Specificity
Sens. =Sensitivity
PPV = Positive Predictive Value
NPV = Negative Predictive Value

TaBLE 11
BEST FEATURE COMBINATION AT LEAD C6 (AAMP, PPT, ZC, ZCDPP),
EMPLOYING THE PNN CLASSIFIER WITH THE LEAVE-ONE-OUT METHOD.

C6 lead PNN classification

Groups OCDs Controls  Accuracy
OCDs 16 2 88.9% (Sens.*)
Control 3 17 85.0% (Spec.*)
Accuracy 84.2% 89.5% 86.8%

(PPV¥*) (NPV*) (Overall)

* Spec. =Specificity
Sens. =Sensitivity
PPV = Positive Predictive Value
NPV = Negative Predictive Value

In conclusion, these findings may be indicative that OCD
patients present deficits related to WM mechanisms, corre-
sponding to prefrontal and temporo-central regions, as re-
flected by the P600 component.
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