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1 Introduction

The Contingent negative variation, CNV, is a slow event-related potential which is elicited by an
external stimulus (S1) that predicts the appearance of a second stimulus (S2, imperative stimulus)
after a predictable time interval.
The goal of this works is to characterize this potential, as a first step in the development of
Human-machine interfaces that use it as an indicator of the user’s prediction of upcoming events.
Particularly, we try to answer the following questions:

• How does the CNV develop during the learning of the S1-S2 association?

• Are we able to reliable perform single-trial recognition of the CNV potential ?

• Can we identify anticipatory-related CNV signals, even in the presence of different types of
predictive stimulus.

2 Anticipatory behavior and contingent negative variation

• Anticipation:A system containing a predictive model of itself and/or its environment,
which allows it to change state at an instant in accord with the model’s predictions per-
taining to a latter instant [4].

• Anticipatory learning system is a system that learns a predictive model of an encountered
environment specifying the consequences of each possible action in each possible situation
[2].

• Humans have the ability to anticipate upcoming events given predictive information. A
particular EEG potential, the Contingent Negative Variation has been associated to such an-
ticipatory process.

• The Contingent Negative Variation (CNV) is an increasing negative shift of the cortical elec-
trical potentials associated with an anticipated response to an expected stimulus. It can
therefore be interpreted as both an Expectation related potential, and a Anticipatory brain po-
tential [5, 1].

• In the Human EEG, this signal can be mainly detected at the vertex (electrode Cz).

• In the framework of Human-machine interfaces, we propose that online detection of the
CNV potential may be used to provide information about anticipation of upcoming stimu-
lus.

3 Experimental paradigms: Association

• This experiment aims at study changes
of the CNV signal during the learn-
ing of the association of one predic-
tive stimulus to a posterior stimulus, to
which a motor response should be ex-
erted.
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• A pair of stimulus is presented, first, a warning stimulus (S1, green circle) and then, after a
predictable delay (ISI) an imperative stimulus (S2, red circle).

• Subjects are instructed to press a key as soon as the second stimulus is presented. S2 disap-
pears once the key has been pressed and the trial ends.

• A new trial begins after a random delay period (uniform distribution).

4 Experimental paradigms: GO-NOGO

• This experiment aims at evaluate the
plausibility of using the discriminabil-
ity of the CNV signal to choose actions
according to relevant/unrelevant stim-
uli.

• The goal is to analyze differences in
the elicited potentials for the two con-
ditions.
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• The experimental protocol is similar to the association experiment. In this case two types
of S1 can be presented. At each trial, the S1 stimulus determines whether or not the subject
should press a key at the onset of S2 (GO and NOGO conditions respectively).

5 Results: Association

(a)

(b)
(a). Grand mean ERP on the Cz electrode. A 1 s baseline prior to the epoch is used as a reference.
S1 onset takes place at 0 ms, and S2 is presented at 4000ms. Top. Scalp maps at three different
times of the inter-stimulus interval. It clearly shows a clear development of the negativity at the
vertex. (b).Changes in the CNV slope during the acquisition of the S1-S2 association. Left, slope
histograms for every session. Right, mean slope value and standard deviation for each session.

• As shown above, the CNV slope tend to decrease consistently with the experience reaching
its asymptotic value at session 4 (after 100 trials). No significant changes were observed in
the standard deviation of the slope for the different sessions.

6 Results: GO-NOGO experiment

Grand mean ERP on the Cz electrode for both GO
(black line) and NOGO (blue line) conditions. A
clear negativity can be observed for the GO trials,
whereas it is not developed in the NOGO trials.

Scalp maps at three different times of the inter-
stimulus interval for both GO (top) and NOGO
(bottom) conditions. It shows that the increased
negativity is more pronounced on the GO condi-
tion (Notice the difference on the scales).

Subject 1 Subject 2

Slope changes during four sessions on the GO-NOGO experiment. It shows a stronger negativity
for the GO trials.

7 Parameters

7.1 Experimental paradigm

Table 1. Experiment parameters

Param Value Units Description
ISI 4 s S1-S2 interval

ΔISI 0 ms ISI variation
ITI 6 ± 2 s Inter-Trial-Interval
ΔS1 4 s S1 Duration

The experiment is composed of 5 sessions of 50
trials each. A short pause was taken between
each session.

7.2 Detection algorithm

Table 2. CNV Detection algorithm
Subject 1 Subject 2

Param Explicit Deduced Explicit Deduced
Θ1 -2.2 -3.5 -3.6 -8.5
Θ2 0.10 0.25 0.25 0.25

The parameters τ = 1; β = 1 and ΔT = 3.6s remained
constant for all subjects and conditions. In the pre-
sented results, the parameters were tuned for the two first
sessions, and the two remaining sessions were used for test.

8 CNV detection algorithm

In order to use the CNV potential to convey information about the subject’s anticipatory behavior,
we should be able to recognize when this potential has been elicited. Two cases can be recognized:

• Explicit predictors. When S1 is generated by the experimental design. In this case there is
explicit knowledge of the timing of the S1 onset.

• Deduced predictors. When S1 is generated by the environment itself. In this case, the arrival
of the predictive stimulus is not known, and therefore it should be deduced from the EEG
wave patterns.

• In both cases the detection of CNV potentials is based on the slope of the EEG activity as
measured by the Cz electrode (VCz).

• A CNV is detected whenever the slope of the signal exceeds permanently a threshold. A
pseudocode of the algorithm is presented as follows:

1. Approximate slope

Φslope(t) =
VCz(t) − VCz(t − ΔT )

ΔT
(1)

2. Threshold computed slopes

u1(t) = 1 ifΦslope(t) < Θ1 (2)

= 0 else (3)

3. Integrate u1

τ
dX(t)

dt
= −X(t) + βu1(t) (4)

4. Take a decision whenever X(t) crosses a threshold Θ2

Relevant signals used in the CNV detection
algorithm. The two bottom lines constitute
the labeled data (ground truth). The two
squares show two misclassified trials (false
negatives).

9 CNV detection: Results

Explicit predictor

Explicit predictors. The slope signal is inte-
grated only during the S1-S2 interval. Left. Sub-
ject 1. Right. Subject 2.

Deduced predictor

Deduced predictor. The slope signal is con-
stantly integrated over time.Left. Subject 1.
Right. Subject 2.

10 Future work

• This poster shows promising, preliminary results on the study of the CNV as a useful signal
to convey information about the user’s anticipatory behavior.

• Further studies are required to assess the stability and reliability of this signal over longer
experimental conditions, as well as to evaluate inter-subject variabilities of said potential.

• Moreover, online tuning of the CNV detector may be of crucial importance taking into ac-
count the possible variabilities mentioned above.

• Future work also implies the extension of this study to more complex, realistic situations;
with particular attention to the case of exogenous predictive stimuli (i.e. deduced predictors).

• We also plan to combine this signal with other cognitive state-related potentials (i.e. Error-
related potentials[3]), in order to build more flexible, efficient human-machine interfaces.
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