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igher,  faster,  stronger:  The  effect  of  dynamic  stimuli  on  response  preparation
nd  CNV  amplitude

.M.W.  Linssen ∗,  A.  Sambeth,  W.J.  Riedel,  E.F.P.M.  Vuurman
ept. Neuropsychology & Psychopharmacology, Faculty of Psychology and Neuroscience, Maastricht University, PO Box 616, 6200 MD,  Maastricht, The Netherlands

 i g  h  l  i  g  h  t  s

Two new  response  preparation  tasks  were  designed  to gain  an  optimal  CNV.
Dynamic stimuli  were  used  in  a  regular  and  a Go/No-go  version  of  the  task.
Response times  increased  as the probability  of response  requirement  decreased.
CNV amplitude  was  larger  when  probability  of response  requirement  was  higher.
The dynamic  task  promotes  response  preparation.
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a  b  s  t  r  a  c  t

The  contingent  negative  variation  (CNV)  is a slow  negative  shift  in  the  electroencephalogram  (EEG),
observed  during  response  preparation.  To  optimalize  the CNV  paradigm,  this  study  developed  a  task
using dynamic  stimuli  and  next  combined  this  task  with  a Go/No-go  test.  In the  first  experiment,  19
healthy  volunteers  were  subjected  to the  classic  Traffic  light  (TL)  task  and  the new  dynamic  Lines  task.
vailable online 4 October 2012

eywords:
lectroencephalography
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esponse preparation

In  the  Lines  task,  response  time  was  faster  and  CNV  amplitude  was  larger  compared  to  the  TL task.  In
the  second  experiment,  20 healthy  participants  were  tested  on  a Go/No-go  version  of  the  Lines  task.
Response  times  increased  as  the  probability  of  response  requirement  decreased.  CNV  amplitude  was
larger  when  probability  of  response  requirement  was  higher.  In conclusion,  the  dynamic  task  promotes
response  preparation.  The  new  tasks  may  be especially  valuable  in groups  with  attention  difficulties  (i.e.
elderly  or  ADHD  patients).
. Introduction

The contingent negative variation (CNV) is a slow negative
hift in the electroencephalogram (EEG) which can be observed
uring response preparation to an anticipated stimulus [1–3].
ince its discovery by Walter in 1964 it has been studied exten-
ively [4].  The amplitude of the CNV has been shown to increase
ith increased motivation and attention [2,5]. The diversity of

asks that are employed to evoke the CNV reflects the variety
f applications of the CNV, ranging from fundamental research

o studies in different clinical groups. The CNV may  be affected
n patients with attention deficit/hyperactivity disorder (ADHD),
lzheimer’s disease (AD) and Parkinson’s disease (PD) and can also
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be used to evaluate drug effects [6–11]. Hence, the CNV could
potentially be used to screen for normalization of CNV amplitude
in neuropsychiatric patients in response to treatment. The cur-
rent paper describes the development of instruments that could
eventually be applied as a screening tool, seeking to implement
previously acquired knowledge about the CNV to optimize the
CNV paradigm and reliably produce large CNVs. To this end, new
response preparation tasks were designed to promote motivation
and attention during task performance and induce larger CNVs and
faster responses compared to conventional response preparation
tasks.

Two components can be distinguished in the CNV, an early and a
late component or wave, or the ‘O-wave’ and ‘E-wave’, referring to
orientation and expectancy [12,13]. The early wave increases with
stimulus intensity, is enhanced when auditory warning stimuli are
used, and habituates over trials, all of which support that it reflects

an orienting response [14–16].  It has been proposed that the late
CNV is a composite of a readiness potential and stimulus preced-
ing negativity [3,17],  reflecting motor preparation and stimulus
anticipation [18].
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http://www.sciencedirect.com/science/journal/01664328
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Table 1
Mean amplitudes (SEM) of the CNV for 3 electrode positions of experiment 1.

Electrode Stoplight Lines
A.M.W. Linssen et al. / Behavioura

The early CNV has its cortical origin in prefrontal supplemen-
ary sensorimotor areas; the late wave in prefrontal, supplementary
ensorimotor, primary somatosensory, primary motor, temporal
nd occipital areas [19]. Hence, early CNV has been found to be
east prominent at the Pz electrode location whereas the late wave

as hardly visible at the Fz electrode [13,20].
The classic CNV task constitutes a warning stimulus (S1) fol-

owed by an imperative stimulus (S2) after a fixed and known
nterval. Stimulus manipulations differentially affect the early and
ate CNV waves [21]. For example, the amplitude of the early
NV wave increases with increased warning signal duration [13],
hereas the amplitude of the late wave increases if the imperative

timulus contains information about the required response [3]. In a
o/No-go paradigm, in which the warning stimulus gives informa-

ion about the required response, the warning stimulus may  affect
oth early and late CNV [22–24].

In order for the response preparation task to be used as a
creening tool, it needs to reliably evoke a CNV. Since CNV ampli-
ude has been reported to be decreased in clinical groups such as
D and ADHD patients [7,25],  a successful task should induce large
NV waves. To acquire an optimal CNV, a substantial number of
rials have to be recorded in which the subjects have to produce
peeded responses. Furthermore, the interval between S1 and S2
eeds to be rather long (3–4 s) in order to observe both an early
nd a late wave [26]. This is potentially problematic, as especially
he elderly, children, AD and ADHD patients may suffer from loss of
ocused attention and possibly fail to show an anticipatory response
8,27]. In this study, an attempt was made to overcome these prob-
ems by developing new tasks using stimuli that promote response
nticipation.

In a conventional response preparation task, using static stimuli,
here is a 4-s window in which nothing happens and attention is
asily diverted away from the task. Therefore, it was decided a new
ask should employ moving stimuli. We  designed a task in which
articipants view two lines moving toward each other that inter-
ect after 4 s, to which the participant has to respond by a button
ress. In this ‘Lines task’ participants can continuously track the

ines during the interval between S1 (the appearance of the lines)
nd S2 (the crossing of the lines). A major advantage of this task as
pposed to static tasks or dynamic tasks in which the timing of S2
s varied [28] is that the movement of the lines allows very precise
stimation of the occurrence of the imperative stimulus which was
xpected to enhance CNV amplitude and speed responses. An addi-
ional advantage of the Lines task could be that participants may
eel more encouraged to provide a quick response and hence, main-
ain focused attention. In experiment 1, we tested the hypothesis
hat the ‘Lines task’ would lead to improved response preparation as
ndicated by an increase in late CNV amplitude and faster response
imes when compared to a standard CNV task using static stimuli.

Once efficacy of this task was established, the task was  further
dapted, creating a Go/No-go task. Within a Go/No-Go task, it is
ncertain whether a response will be required. We  were interested
o see how this would affect the CNV. Moreover, in contrast with the
2 in the Lines task, the imperative stimulus in our Go/No-Go task
arries information as to whether a response has to be given or not,
n aspect that may  affect not only the late, but also the early CNV
ave. Both early and late CNV wave, as induced by the Go/No-go

ask were studied in experiment 2.

. Experiment 1

.1. Method
.1.1. Participants
Nineteen healthy male volunteers (mean age = 23.4, SD = 5.4) were selected

nd paid to participate. They were all right handed. Participants were recruited by
eans of advertisement posters in university buildings and advertisements in the
C3 −5.12 (0.60) −9.29 (1.39)
Cz −5.79 (0.81) −11.07 (1.63)
C4 −4.62 (0.54) −8.60 (1.41)

university newspaper. All subjects gave written informed consent. The study was
part  of a larger study which was approved by the ethical committee of Maastricht
University and conducted in accordance with the Declaration of Helsinki 1975,
revised Seoul, 2008.

2.1.2. Procedure
Participants were invited into the lab at either 8:00 or 8:30 AM.  EEG was  mea-

sured using eleven electrodes placed on the scalp, according to the 10–20 system
(Jasper, 1958) at the Fz, F3, F4, Cz, C3, C4, Pz, P3, P4, O1 and O2 electrode pos-
itions. Electrodes placed on the left and right mastoid served as reference channels.
The  ground electrode was  placed at the AFz location on the forehead. An electro-
oculogram (EOG) was  measured bipolarly above and below the right eye and
horizontally next the left and right eye. Impedances were kept below 5 k�. Data
were sampled at 1000 Hz and filtered online between 0.05 and 100 Hz. Participants
received task instructions both orally and on the computer screen. They performed
two different tasks: first a standard response preparation task, the ‘TL task’ (static
task) immediately followed by the ‘Lines task’ (dynamic task).

2.1.2.1. CNV Traffic light task. In the CNV Traffic light (TL) task, participants watched
the  computer screen and were presented with a filled red circle (S1) on a black
background. After 4 s, the red circle turned green (S2). Subjects were instructed
to  respond to the green circle by pressing a button with the index finger of the
dominant (right) hand on a table mounted response box as fast as they could. The
test consisted of 32 trials.

2.1.2.2. CNV Lines task. In the CNV Lines task, S1 was the appearance of two red line
drawings. The Lines were oriented at a 90◦ angle of each other and after appearing
both moved diagonally upwards to the center of the screen (forming and inverted
V).  The full movement of the lines spanned approximately 10 cm2. Participants were
instructed to fixate on the center of the screen between trials. This was  indicated by
a  fixation cross, which disappeared at the start of the trial. After 4 s, the Lines crossed
and turned green (S2). At this moment, participants pressed a response button with
the  index finger of the dominant (right) hand as fast as possible. The visual angle
between the fixation cross and the location where the lines crossed was 0.026◦ . The
test  consisted of 25 trials.

2.1.3. Data analysis
EEG data were screened for artifacts offline, corrected for eye movements [29]

and  a low pass filter of 10 Hz was  applied. Event-related potentials were extracted by
stimulus locked averaging of epochs starting 100 ms before S1 and ending 1000 ms
after S2. A baseline correction was applied on the whole epoch, using the 100 ms
interval preceding S1 as reference. Late CNV amplitude was calculated by averaging
the  amplitude over the last 100 milliseconds before S2. Since the CNV amplitude
was  expected to be maximal at the central electrodes analyses was  restricted to Cz,
C3  and C4 electrodes.

Reaction time and EEG data were analyzed using repeated measures analysis
of  variance (ANOVA) with the within subjects factor task which had two levels,
namely the TL task and the Lines task. For the amplitude data there was an addi-
tional within subjects factor electrode which had 3 levels (C3, Cz, C4). The behavioral
dependent variable was response time (in ms) of correct responses (i.e. exclud-
ing responses before the lines changed color). The effects were evaluated using
Greenhouse–Geisser correction and were considered significant at p < 0.05. Where
necessary, the Bonferroni correction was applied. In the case of a significant main
effect, post hoc pairwise comparisons were conducted. Interaction effects were
analyzed post hoc by conducting additional repeated measures ANOVAs, includ-
ing  only those factors that were involved in the interaction. Only significant effects
are reported.

2.2. Results

Average response time in the Lines task was faster than in the
standard TL task (MTL = 247 ms,  MLines = 59 ms; F1.0,0,18.00 = 932.752,
p < 0.001).

Averaged CNV waves recorded at the Cz electrode during

performance of the TL task and the Lines task are shown in
Fig. 1. Mean CNV amplitudes at all electrodes are presented
in Table 1. Amplitude of the CNV was  significantly affected
by both task (F1.00,18.00 = 8.653, p < 0.05) and electrode position
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ig. 1. Grand ERPs showing CNV waves measured at Cz during the TL and Lines
asks.

F1.77,31.84 = 8.648, p < 0.001). Amplitude was larger in the Lines task
han in the TL task. Pairwise comparisons for electrode positions
ndicated that CNV amplitude was largest at Cz, smallest at C4, and
ntermediate at C3.

. Experiment 2

.1. Method

.1.1. Participants
Twenty healthy participants (10 male and 10 female, mean age = 23.0, SD = 1.2)

ere selected and paid to participate. All but one were right handed. They were
ecruited by means of advertisement posters at Maastricht University. This study
as  conducted as a pilot of a larger study which was  approved by the ethical com-
ittee of Maastricht University and conducted in accordance with the Declaration

f Helsinki 1975, revised Seoul, 2008.

.1.2. Procedure
Participants were invited into the lab at either 9:00 or 11:00 AM.  They signed

nformed consent and filled out a brief questionnaire assessing demographic vari-
bles. Next, they were prepared for EEG measurement. An electrode cap was  placed
hich contained 32 electrodes at locations in accordance with the international

0–20 system (Jasper, 1958). Otherwise, EEG measurement procedures were iden-
ical to those in experiment 1.

Participants received task instructions both orally and on the computer screen.
he task was carried out in two identical parts each containing 144 trials and lasting
pproximately 18 min, with a 5 min  break in between. The warning stimulus, S1,
as  the appearance of two  red line drawings at the bottom left and right hand

orner. The Lines were oriented at a 90◦ angle of each other and after appearing
oth moved diagonally upwards to the center of the screen (forming and inverted
).  The full movement of the lines spanned approximately 10 cm2. Participants were

nstructed to focus on the fixation cross at the center of the screen. After 4 s, the Lines
rossed (S2). At this moment, participants pressed a response button with the index
nger of the dominant (right) hand as fast as possible, but only if the Lines turned
reen (Go trial) at the moment they crossed. If the Lines remained red, participants
hould withhold the response (No-go trial). The chance that a trial was  a Go trial
as  indicated at S1 by a percentage and could be either 20, 50 or 100% (randomized
er  block). For each of these percentages, there were 36 Go trials. Consequently, a
otal of 36 100% trials was  presented, whereas for the 50% trials, there were 72 trials
36  go and 36 No-go) and for the 20% trials, 180 trials were present (36 go and 144
o-go).

.1.3. Data analysis
EEG data were screened for artifacts offline corrected for eye movements [29]

nd  a low pass filter of 10 Hz was  applied. Event-related potentials were extracted
y stimulus locked averaging of epochs starting 100 ms  before S1 and ending
800 ms  after S2. A baseline correction was applied on the whole epoch, using the
00 ms  interval preceding S1 as reference. Early CNV was  determined as the aver-
ge amplitude between 750 and 1200 ms  after S1 relative to baseline. Late CNV was
etermined as the average amplitude between 3600 and 4000 ms  after S1. For both
aves, mean amplitudes were analyzed for F3, Fz, F4, FC3, FCz, FC4, C3, Cz and C4.
nly correct trials were taken into account.

Behavioral and EEG data were analyzed using repeated measures analysis of
ariance (ANOVA) with the within subjects factor trial type which had three levels,

amely the 20, 50 and 100% trials. For the amplitude data there was  an additional
ithin subjects factor electrode which had 9 levels (F3, Fz, F4, FC3, FCz, FC4, C3, Cz,
4). Behavioral dependent variables were response time (in ms)  of correct responses
i.e.  excluding prepotent responses and responses to No-go trials), hit rate, and false
larm rate. As in experiment 1, the effects were evaluated using Greenhouse–Geisser
Fig. 2. Grand ERPs showing CNV waves measured at Cz during each of the three
trial types with 100%, 50% and 20% chance on a go trial.

correction and were considered significant at p < 0.05. Where necessary, the Bonfer-
roni correction was  applied. In the case of a significant main effect, post hoc pairwise
comparisons were conducted. Interaction effects were analyzed post hoc by con-
ducting additional repeated measures ANOVAs, including only those factors that
were involved in the interaction. Only significant effects are reported.

3.2. Results

3.2.1. Task performance
Means and standard errors of measurement for the main out-

come variables including response time, hit rate and false alarm
rate for each trial type are presented in Table 2. There was  a signifi-
cant main effect of trial type on response time (F1.11,21.24 = 357.243,
p < 0.001). Pairwise comparisons revealed that response times
increased as the probability of response requirement decreased.
In other words, the more unsure participants were about whether
they would have to respond, the slower they responded. Hit rate
was smaller in the 100% Go trials compared to the 20 and 50%
Go trials, due to premature responding in the 100% Go trials
(F2,38 = 35.119, p < 0.001). False alarm rate was larger for the 50%
No-go trials than for 20% No-go trials (F1,19 = 9.824, p < 0.01).

3.2.2. Amplitude data
Averaged CNV waves recorded at the Cz electrode during per-

formance of the Go/No-go task are shown in Fig. 2. Mean early and
late CNV amplitudes at all electrodes are presented in Tables 3 and 4
respectively.

3.2.2.1. Early CNV wave. A main effect of electrode position
(F1.52,28.88 = 4.685, p < 0.05) indicated that the amplitude of the early
CNV differed between electrode positions. Pairwise comparisons
revealed that amplitude was larger at FCz compared to F4 and C4,
and larger at Cz than at C4. When amplitudes were analyzed for
each electrode separately, a main effect of trial type was  found for
the frontal electrodes (F3: F2,38 = 4.801, p < 0.05, Fz: F2,38 = 7.720,
p < 0.01, F4: F1.33,25.19 = 4.617, p < 0.05) and FC3 (F1.53,29.13 = 3.801,
p < 0.05) but not for the other 5 electrodes. Pairwise compar-
isons showed that the amplitude was  larger when requirement of
response probability was 100% compared to 50% at F3, Fz and F4
and compared to 20% at Fz. For FC3 pairwise comparisons revealed
no significant results.

3.2.2.2. Late CNV wave. Amplitude of the late CNV was significantly
affected by both trial type (F1.49,28.25 = 4.638, p < 0.05) and electrode
position (F2.64,50.15 = 21.012, p < 0.001). In addition, an interaction

between these two  factors was  observed (F4.79,90.95 = 2.604, p < 05).
Pairwise comparisons revealed no significant differences for the
trial types. For the electrode positions, pairwise comparisons indi-
cated that the late CNV amplitude generally was smallest for the
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Table  2
Mean (SEM) response times, hit rate and false alarm rate for experiment 2.

100% Go 50% Go 50% No-go 20% Go 20% No-go

Response time 103 (10) 286 (4) 301 (5)
Hit  rate 0.93 (0.01) 1.00 (0.00) 1.00 (0.00)
False  alarm rate 0.024 (0.006) 0.007 (0.002)

Table 3
Mean amplitudes (SEM) of the early CNV for the different trial types in the 9 electrode positions.

Electrode F df 100% 50% 20%

F3 4.801* 1.78, 33.75 −2.80 (1.03) −1.35 (1.01) −1.45 (0.75)
Fz  7.720* 1.56, 29.62 −3.94 (0.78) −2.28 (0.73) −1.89 (0.68)
F4  4.617* 1.33, 26.19 −1.64 (0.73) −0.07 (0.72) −0.01 (0.84)
FC3 3.801* 1.53, 29.13 −3.61 (1.01) −2.33 (0.88) −2.21 (0.66)
FCz 2.206  1.35, 25.67 −1.93 (0.82) −0.99 (0.75) −0.57 (0.80)
FC4  3.375 1.55, 29.40 −4.29 (0.95) −3.07 (0.86) −2.56 (0.71)
C3  1.126 1.46, 27.65 −2.77 (0.98) −1.96 (0.78) −1.93 (0.54)
Cz 1.180  1.52, 28.90 −3.54 (0.95) −2.83 (0.82) -2.42 (0.63)
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C4  0.512 1.42, 26.89 

* p < 0.05.

ost frontal electrodes and increased as the position was  more
entral. However, not all pairwise comparisons were significant.

To further explore the interaction between electrode position
nd trial type, the effect of trial type was analyzed for each elec-
rode position separately (see Table 4). It was shown that amplitude
ncreased with increasing probability of response requirement at
z, C3, C4, FCz, FC3 and FC4 and F4 (although this was only signifi-
ant for the 100% vs. the 20% trials). This effect was most significant
t the central electrode positions, less significant for the fronto-
entral positions and non-significant for two out of three frontal
ositions.

In order to see if the late CNV was lateralized, a comparison was
ade between electrode positions that were contralateral vs. ipsi-

ateral to the response finger. This revealed a trend suggesting that
he late CNV was slightly larger at the central electrode contralat-
ral to the response finger (C3 in most participants) compared to
psilateral central electrode (C4 in most participants, F1,19 = 3.409,

 < 0.10).

. Discussion

The current study aimed to develop response preparation tasks
roducing CNVs that could be potentially useful as a screening
ool. We  showed enhanced response preparation in a newly devel-
ped task applying dynamic stimuli in relation to a task with
tatic stimuli, as was indicated by larger CNV amplitude and faster
esponse times. In a second experiment we tested whether this

ffect persisted if the task was adjusted to a Go/No-go format. The
robability that participants had to respond (Go trials) differed
etween the trials. As predicted this manipulation differentially
ffected amplitudes of the early and late CNV waves and response

able 4
ean amplitudes (SEM) of the late CNV for the different trial types in the 9 electrode pos

Electrode F df 1

F3 0.992 1.39, 26.35 −
Fz 2.576  1.60, 30.39 −
F4  5.365* 1.53, 29.09 −
FC3  3.844* 1.51, 28.64 −
FCz  3.736* 1.44, 27.27 −
FC4  5.188* 1.58, 30.04 −
C3 4.486* 1.38, 26.28 −
Cz 5.956* 1.35, 25.63 −
C4  7.026* 1.62, 30.77 −
* p < 0.05.
1.31 (0.81) −0.89 (0.68) −0.61 (0.67)

times. The smaller the probability of response requirement, the
smaller the CNV amplitudes and the slower participants responded.

The finding that participants responded faster in the new task,
using dynamic stimuli, compared to the standard task with static
stimuli, is in line with our hypothesis. Because the stimuli were
steadily and continuously moving toward each other during the
trial, timing of the response could be monitored very accurately.
It is likely that this extra stimulus feature increased the partici-
pants’ motivation to respond as quickly as possible and maintain
focused attention. This is supported by the increase in CNV ampli-
tude, which has previously been associated with motivation and
attention [2,5].

Since the participants in experiment 2 were not the same as
those in experiment 1, reaction times cannot be directly com-
pared between the two  experiments. However, it is still striking
that although the same stimuli were used in the Go/No-go task,
responses were much slower compared to the Lines task. Responses
to the 50 and 20% trials were rather close to those in the TL task.
In these ‘uncertain’ trials additional processing related to the deci-
sion to make a response can account for this result. Response times
in the 100% trials were faster compared to the TL task, but slower
compared to the Lines task. This is surprising, since the 100% tri-
als in the Go/No-go task are actually identical to the Lines task.
Although participants can be sure that they will have to respond
unconditionally, they are approximately twice as slow compared
to the Lines task. This may partly be explained by the fact that this
was a different group of participants. However, other explanations
may  be that inhibition in the uncertain trials spreads to the 100% Go

trials or the participants did not trust the instructions. This latter
explanation was given by Smith et al. [24] for the fact that par-
ticipants seemed to prepare to give a response on specific No-go
trials.

itions.

00% 50% 20%

7.39 (1.05) −6.39 (1.03) −6.20 (0.91)
8.14 (0.97) −7.15 (1.07) −6.18 (1.08)
6.34 (1.17) −4.34 (0.97) −3.80 (0.99)
9.73 (1.14) −7.88 (1.01) −7.58 (0.84)

11.91 (1.26) −10.41 (1.31) −9.15 (1.17)
8.37 (1.30) −6.75 (1.11) −5.63 (1.08)

11.16 (1.37) −8.72 (1.17) −8.57 (0.97)
13.54 (1.51) −11.10 (1.21) −9.93 (1.16)
10.06 (1.32) −7.84 (1.17) −6.97 (1.06)
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Within the Go/No-go task, the most prominent differences
re observed between ‘certain’ vs. ‘uncertain’ trials. Nevertheless,
esults of the 50% and 20% No-go trials do indicate that they were
rocessed differently. Responses were slower to 20% trials com-
ared to the 50% trials, perhaps indicative of stronger inhibition. In
upport of this idea, relatively more false alarms were produced in
he 50% trials than in the 20% trials.

The size of the early CNV was positively related to the proba-
ility participants had to produce a response. As expected the task
anipulation exerted the largest effect on the early CNV at frontal

lectrodes [13,20].  The late CNV on the other hand was maximal
ver central electrode positions, which is also in line with previ-
us findings [13,20]. The effect of the manipulation was largest at
hese electrodes. The late CNV seemed to be lateralized to the side
ontralateral to the response hand, which was expected based on
revious findings [30,31].

In sum, in this study, two new tasks were developed to induce a
ore optimal CNV wave that could possibly be used as a screening

ool in future clinical-/pharmacological studies. The adaptations
o the regular task proved to be successful in enhancing response
reparation as indicated by higher amplitude and faster response
imes. The tasks’ properties are thought to promote motivation and
ffort of subjects to optimally prepare for each trial and this makes
he task especially valuable in participants who have problems sus-
aining attention such as elderly participants or ADHD patients.
urthermore, varying the probability that a response has to be given
ffects stimulus processing, response preparation and execution as
eflected by the effect on the early CNV wave, the late CNV wave
nd response times respectively. The Go/No-go CNV task presented
ere may  lead to new insights regarding response preparation and

nhibition in both clinical and non-clinical groups on or off medi-
ation.
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