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Summary — The aim of this investigation was to determine the effect on P300 amplitude of instructions aimed at
increasing the subject’s degree of task involvement. To this end, two different studies were carried out. In Study 1, 20
university students were tested with an auditory event-related potential (ERP) oddball paradigm (target: 1 100 Hz;
standard: 1 000 Hz) in two consecutive runs, each with a different set of instructions; after the first run, subjects were
verbally motivated to increase their level of performance in the second run. In Study 2 (performed 1 year later), ERPs
were similarly obtained from the same subjects during two oddball runs, but this time both tests were preceded by
neutral instructions. The amplitude and latency of N1 and P2 elicited by non-targets and of N2 and P3 in target
waveforms were evaluated. The findings showed that following motivating instructions, P3 amplitude increased while
P3 latency showed a non-significant decrease. The amplitude of P2 to non-target stimuli - which could be interpreted
as P250 - was also affected by the instructions provided. The overall results suggest that the presentation of motivating
instructions is followed by a higher amount of attentional resources allocated to all stimuli, and a more efficient
evaluation and discrimination of relevant targets. The implication of these findings for the clinical use of P300 has been
discussed. © 2000 Editions scientifiques et médicales Elsevier SAS
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Résumé — Effet des instructions motivantes sur I'amplitude du P300. L’objectif de ce travail était d’étudier I'effet
sur I'amplitude du P300 des instructions données aux sujets pour augmenter leur motivation lors de la réalisation d’un
paradigme oddball. Pour cela, nous avons réalisé deux études différentes. Dans I'étude 1, une tche oddball auditive
(cible : 1100 Hz ; fréquence : 1 000 Hz) a été présentée a 20 étudiants ; aprés une premiére série standard, les sujets
ont recu des instructions visant @ augmenter leur degré de motivation dans la deuxiéme série. Dans I'étude 2, réalisée
un an plus tard, les performances des mémes suijets ont été enregistrées pendant la réalisation de deux séries oddball,
toutes les deux précedées d’instructions standards. L’amplitude et la latence du N1 et du P2 obtenues en réponse aux
sons fréquents et I'amplitude et Ia latence du N2 et du P3 aux stimuli cibles ont été étudiées. Dans la série précédée des
instructions motivantes, I'amplitude du P3 était augmentée ; sa latence était raccourcie mais de fagon non significative.
L’amplitude du P2 aux fréquences —aussi interpreté comme le P250 — était également modifiée par les instructions. Les
résultats de cette étude suggérent que la présentation d’instructions motivantes entraine une évaluation et une
discrimination des stimuli significatifs plus efficace ; celai semblant refléter une plus grande quantité de resources
attentionnelles allouées a tous les stimuli. Les implications de ces résultats pour I'application clinique du P3 sont
discutées. © 2000 Editions scientifiques et médicales Elsevier SAS
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The P300 component of event-related potentials
(ERPs) has been extensively investigated in clinical
practice as it provides an easily obtained, noninvasive
index of general cognitive functioning. Longer P3 la-
tencies, related to an increased delay in stimulus classi-
fication in a discrimination task, have been found in
elderly subjects [16, 24], and in patients with dementia
[1, 10], early Alzheimer’s disease [26] or in cases of
alcoholism [4, 42], among others. A decrease in P3
amplitude has also been clinically observed in depres-
sive [3], schizophrenic [13] and alcoholic subjects [28],
and has been identified as a risk marker for alcoholism
or the development of a psychopathology [27, 30, 32,
33, 35].

The clinical use of P3 has been based on a large
number of studies on the basic parameters that influ-
ence its amplitude and latency [20]. Johnson system-
atized this field of research and proposed a
3-component model, namely, subjective probability,
stimulus meaning, and transmission of information
[14]. Nevertheless, research has been mainly focused on
task-related variables, and very few studies have inves-
tigated the effect of other non-specific factors present at
the time of recording that may have a decisive influence
on P3 indices. For instance, Johnson [14] stated that
the ‘stimulus meaning’ dimension is defined by task
complexity, stimulus complexity and stimulus value,
and that this latter variable is mainly determined by the
amount of reward associated with the discrimination of
stimuli. Nevertheless, in his model little attention was
given to the subject’s positive disposition or motivation
to efficiently perform a discrimination task such as the
oddball paradigm, a variable which may determine the
subjective meaning of the task. This task-involvement
factor may be crucial in a clinical setting, taking into
account the fact that patients are quite often unwilling
to participate in the recording process or find it difficult
to perform the required tasks. The relevance of task
involvement in specific settings has been illustrated by
Laurent et al. [17], who pointed out that one of the
methodological difficulties in studying the P300 com-
ponent in schizophrenic patients was to obtain ad-
equate patient-control matching for motivation. In
fact, ‘motivation’ has often been used as an explanatory
factor for variations in P300 parameters in schizo-
phrenic [19, 36, 40] and depressive patients [5], sub-
jects with migraine [7], or the elderly [41]. Polich and

Kok have also suggested that other non-specific factors
such as arousal may affect P3 amplitude [25]

Although several studies have indicated that the re-
duction in P300 amplitude in some clinical groups may
be due to a motivational deficit, the effect of motivation
on the P3 component has not been systematically ad-
dressed in the literature. The existing research has fo-
cused on the incentive value of the stimuli, which seems
to affect P3 amplitude but not its latency. Larger
amplitudes have been found when the monetary value
of the target is increased [2, 12] or when it is used as a
feedback stimulus (i.e. when it signifies a correct per-
formance, rather than when it is simply counted) [14].
The effect of an incentive on P3 amplitude has also
been examined in clinical and control groups. It has
been found that alcoholics or subjects with a family
history of alcoholism did not show larger P300 ampli-
tudes to the target whether it implied reward or loss of
reward [29, 31].

Given the potential relevance of motivation on ERP
parameters, in the present study we attempted to ana-
lyze the effect of this variable using a different strategy.
The aim was to determine to what extent the subject’s
degree of task involvement, influenced by the instruc-
tions provided, might affect the P3 component. To this
end, the ERPs were recorded in two consecutive series
while subjects performed an oddball task consisting of
discrimination between 1 000 Hz (standard stimulus)
and 1 100 Hz (target stimulus) tones. The first run in
Study 1 was preceded by neutral instructions, and the
second by instructions aimed at motivating the subjects
and increasing their level of proficiency in the perfor-
mance of the task. To take into account the possible
effects of practice or habituation on the P3, in two
repeated occasions, in a similar study the same
subjects performed two consecutive oddball tasks but
only received neutral instructions, and not motivating
instructions before the second run (Study 2). This work
is part of a longitudinal research project aimed at stan-
dardizing the recording protocols for university stu-
dents, and in this context the recordings for Study 1
and Study 2 were therefore separated by an extended
period (1 year). It was expected that the presence of
motivating instructions (Study 1, second run) would
increase the amount of attentional resources allocated
to the task, and consequently produce an enhancement
of P300 amplitude.
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MATERIALS AND METHODS
Subjects

Twenty university students (8 males, 12 females) aged
between 18-23 years (mean age: 19 years, SD:
1.37 years) contacted over two consecutive years were
included in the study. All subjects were in good health
and had no history of neurological or psychiatric disor-
der, or drug abuse.

Stimuli and procedure

Subjects were exposed to pure-tone beeps of 50 ms
duration (10 ms rise and fall) and 60 dB SPL by means
of earphones. The interstimulus interval (ISI) was
1500 * 100 ms, and the interval between runs was
approximately 2 min. Subjects had to detect the targets
(1100 Hz) inserted randomly between standard
(1 000 Hz) tones, and press a button with the domi-
nant hand when the targets appeared. Each run con-
sisted of a sequence of 200 stimuli, with a global
probability for targets of 0.20.

In Study 1, subjects performed two consecutive odd-
ball tasks with different instructions for each. The first
series was preceded by the following instructions:
“Now you will hear two types of tone; some of them are
high-pitched (‘bip’) while the others, which are more
frequent, are low-pitched (‘bop’). Whenever you hear a
‘bip’ you must press this button as fast as possible.
Please try to avoid unecessary movements or blinking
during the test”. After a 2-minute rest period, a second
series was presented with the following instructions:
“Now you have to accomplish the same task as before,
but this time it is particularly important that you do
well. We are recording your performance on the com-
puter, and your data will be compared with the class-
room standards. Remember that it is important to
avoid unecessary movements or blinking during the
test”.

Study 2 was carried out 1 year later. Subjects again
performed two consecutive oddball tasks, but this time
both were preceded by the same neutral instructions as
in the first run of Study 1.

ERP recordings
For this investigation, EEG activity was recorded with

tin electrodes at Fz, Cz and Pz electrode sites, refer-
enced to the nose. An electrode placed on the forehead

served as ground. Additional electrodes placed above
and below the left eye were used to monitor ocular
artifacts.

EEG activity was filtered with a bandpass of
0.1-30 Hz (24 dB/octave rolloff) and amplified 20 k.
Electrode/skin impedance was kept below 5 k€. Sig-
nals were sampled continuously at a rate of 500 Hz.
The signal was processed off-line: first the EEG was
corrected for vertical ocular movements, using the al-
gorithm developed by Semlitsch et al. [34], and then
the EEG was epoched from 100 ms pre-stimulus to
900 ms post-stimulus. Linear trends were eliminated,
the signal was adjusted to 0 pV pre-stimulus baseline
and filtered with a digital filter (0.1-30 Hz). Trials
affected by electromyographic activity or other artifacts
(+ 90 pV) were identified by visual inspection and then
rejected.

Data analysis

In each study, average ERPs were computed separately
at Fz, Cz and Pz for each run (1st/2nd) and stimulus
category (target/non-target). The averaged ERPs were
analyzed with a semi-automatic peak detection pro-
gram, using a computer algorithm which searched for
the maximum/minimum peak amplitude within pre-
defined latency windows. Peaks were then verified and
adjusted by visual inspection. Amplitude and latency
values were automatically transferred to an ASCII file
for subsequent analysis.

The peaks identified were N1 (75-150 ms) and P2
(150-250 ms) for the waveforms elicited by standards,
and N2 (200-300 ms) and P3 (275450 ms) for those
elicited by targets.

Data were analyzed with a repeated measures analysis
of variance (ANOVA) using study (1st versus 2nd
year), run (2 runs) and electrode sites (3 sites) as within-
subject factors. Separate analyses were carried out for
each component latency and amplitude. Significant
levels were determined using degrees of freedom ad-
justed by the Greenhouse-Geisser correction when di-
vergence from the assumption of sphericity was found
to be significant [39]. Significant effects were examined
with paired #tests.

RESULTS

The overall averages of ERPs at Fz, Cz and Pz obtained
from non-target and target stimuli in the first and
second studies have been shown in figures I and 2,
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Figure 1. Overall means for auditory ERPs to standard and target stimuli for the first and second runs in Study 1.

respectively. The waveforms recorded in the first and
second runs are superimposed. Visual inspection of the
waves shows an increase in P3 amplitude to targets in
the second run, but only in Study 1. As can be seen in
figure 2, the waveforms obtained in the first and second
runs of Study 2 presented a marked degree of overlap.

Repeated measures ANOVA showed a significant
study X run interaction on P3 amplitude to targets (¥
[1, 19] = 4.74; P = 0.04). This effect was independent
of electrode positioning. As can be seen in zable I, the
presentation of motivating instructions in the second
run of Study 1 provoked higher amplitudes at all the
electrode sites. This P300 increase in the second run
was not observed in Study 2 (table 11).

For P2 amplitude to frequent stimuli, significant
main effects were found for study (F#[1, 18] = 5.18; P =
0.035) and run (£ [1, 18] = 4.55; P = 0.047), as well as
a very significant study X run X electrode interaction (¥
[2, 36] =6.96; P= 0.006; € = 0.78). A paired #test
revealed higher P2 amplitudes in the second run, but
only in Study 1 and for Cz and Pz.

Regarding latency values, significantly shorter N2
latencies were found in the second run in both studies
(F[1, 16] = 5.61; P =0.029 for the run effect). For P3
latency, there was a non-significant trend toward
shorter latencies in the second motivated run of Study 1
for Fzand Cz (F[2, 38] = 3.20; P = 0.067; € = 0.78 for
the study X run X electrode interaction). No other effect
or interaction was found to be significant for other
latency or amplitude parameters.

To further clarify the effect of motivating instructions
found in Study 1, the behavioral responses to targets in
the first and second runs were additionally analyzed. In
the first series, the mean running time (RT) was
457.99 ms (mean SD = 104.73 ms) with a 90% correct
score, and in the second series the mean RT was
406.80 ms (mean SD = 93.22 ms) with a 93.88% cor-
rect score. Paired #tests revealed a significant difference
between both runs in the mean RT (two-tailed #test,
t=2.92; P=0.009).
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Table I. Mean (SD) amplitude and latency values for N1 and P2 to standard stimuli, and for N2 and P3 to targets in first and second runs of
Study 1.

FzRun 1 Cz Pz

Run 2 Run 1 Run 2 Run 1 Run 2

N1 (standard)
Amplitude —3.44 (1.3) —3.65 (1.5) -2.73(1.7) —3.00 (1.9) -.90(1.9) -1.03 (2.1)
Latency 115.05 (20.6) 115.47 (17.9) 116.67 (20.2) 114.11 (18.5) 112.68 (26.6) 111.32 (31.4)
P2 (standard)
Amplitude 1.66 (2.2) 2.18 (2.5) 4.30 (2.3) 5.90 (2.9) 4.57 (2.2) 5.82 (2.5)
Latency 235.19 (48.9) 226.3 (34.9) 235.26 (44) 221.80 (28.8) 249.08 (41.6) 226.25 (32.8)
N2 (target)
Amplitude -3.80 (3.2) —4.32 (3.4) - 82(3.7) —1.12 (4.3) 3.02 (3.6) 3.18 (4.3)
Latency 261.13 (37.9) 250 (29.1) 253.31 (34.6) 241.94 (29.4) 255.83 (33.6) 235.21 (30.5)
P3 (target)
Amplitude 6.41 (3.6) 8.23 (4.7) 11.32 (4.7) 13.84 (4.9) 14.89 (5.6) 18.28 (5.2)
Latency 375.53 (33.9) 369.51 (29.1) 374 (28.5) 364.53 (26.7) 378 (27.7) 375.30 (25.4)
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Figure 2. Overall means for auditory ERPs to standard and target stimuli for the first and second runs in Study 2.



Effect of motivational instructions on P300 amplitude 237

Table Il. Mean (SD) amplitude and latency values for N1 and P2 to standard stimuli, and for N2 and P3 to targets in the first and second runs

of Study 2.
Fz Pz

Run 1 Run 2 Run 1 Run 2 Run 1 Run 2
N1 (standard)
Amplitude -3.81(1.7) —4.36 (1.6) —3.18 (1.8) —3.40 (1.8) -1.17 (1.4) —1.28 (1.5)
Latency 120.50 (20.8) 118.69 (19.9) 117.53 (21.0) 114.48 (20.3) 115.71 (27.2) 115.92 (28.7)
P2 (standard)
Amplitude 1.06 (1.8) 1.36 (2.4) 4.34 (1.9) 4.08 (2.5) 4.10 (1.9) 4.05 (2.1)
Latency 231.26 (30.8) 220.31 (35.4) 230.69 (28.8) 216.10 (31.8) 237.07 (35.4) 222.21 (34.3)
N2 (target)
Amplitude —4.01 (3.3) —4.42 (4.1) -.93 (3.8) -1.12 (5.1) 3.43 (4.3) 2.44 (4.2)
Latency 257.14 (36.1) 248.84 (29.3) 254.06 (34.2) 247.04 (32.5) 252.39 (33.5) 244.67 (33.4)
P3 (target)
Amplitude 7.25 (4.8) 7.37 (4.4) 12.97 (6.7) 12.42 (6.1) 16.70 (6.6) 16.13 (6.0)
Latency 373.70 (35.7) 377.90 (30.6) 371.80 (29.0) 371.50 (30.4) 380.50 (32.0) 370.10 (26.4)
DISCUSSION relevant stimuli during discrimination tasks [6, 9].

The results obtained here show that the ERP P3 com-
ponent is affected by non-specific factors such as the
motivation to perform a task correctly. Providing in-
structions aimed at increasing the subject’s degree of
involvement in the task seemed to result in a more
efficient process of evaluation and decision-making re-
garding relevant stimuli, manifested both at the neuro-
physiological and behavioral level. An increase in P3
amplitude and a trend towards a decrease in P3 latency
took place when an oddball task was preceded by
motivating instructions. The possibility of the increase
in P3 amplitude in the motivated series being due to the
facilitating effect of repetition was ruled out by Study 2.
When both discrimination tasks were preceded by the
same neutral instructions, no significant effects for run
emerged. Under the motivated condition, however, the
subject’s behavioral performance was also significantly
improved: although the responses were similarly accu-
rate, the RT became significantly reduced when sub-
jects were motivated.

A possible explanation for this study group’s more
efficient stimulus evaluation and discrimination under
motivated conditions may be that, with a higher degree
of task-involvement, subjects were more able to con-
centrate on target stimuli and to block out the irrel-
evant information from non-targets. However, this hy-
pothesis is contradicted by the higher P2 amplitudes to
non-target stimuli, which were also found in the moti-
vated series. P2 amplitude to frequent stimuli (also
called ‘P250’ by some authors [9]) has been considered
an index of the amount of central processing of non-

Thus, a hypothesis which is more consistent with our
data could be that the efficiency in processing was
determined by a higher degree of attentional resources
allocated to @// stimuli, even to non-targets, when sub-
jects had been provided with motivating instructions.

This increase in processing ability may have been
related to an increase in the level of general arousal or
awareness induced by the instructions. This interpreta-
tion is, however, questioned by the fact that N1 ampli-
tude, which one would expect to vary with different
degrees of awareness [38], did not differ between study
conditions. Nevertheless, as P3 amplitude is sensitive to
changes in arousal [25], the possibility that the moti-
vating instructions produced increasing arousal, which
in turn increased the P3 amplitude, cannot be com-
pletely ruled out.

Motivating instructions produced a shortening of
RTs without a significant change in P3 latency. This
dissociation between P3 latency and RTs, also previ-
ously reported in the literature [18], may be understood
by taking into account the nature of the task and the
instructions provided. Since subjects were already very
accurate in the first series (90% correct score), it is
possible that the motivating instructions privileged a
speed strategy in the second series. Consequently, and
given the fact that the task requirement was exactly the
same in both series, the instructions probably induced
quicker responses without significantly changing the
stimulus evaluation time. Pfefferbaum et al. also found
that speed instructions had a stronger effect on RTs
than on P3 latency [23]. The increased arousal due to
receiving motivating instructions may also contribute
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to explaining the increase in response speed. As Hack-
ley and Valle-Incldn have demonstrated, transient
changes in arousal produced by a non-relevant acces-

sory tone reduced the RTs [11].

Thus, instructions aimed at effectively motivating the
subject produced an increase in P3 amplitude, which
may be interpreted in the light of the triarchic model
proposed by Johnson [14]. Motivation or task involve-
ment is a non-specific factor that may increase stimulus
value, one of the factors in Johnson’s equation. It seems
as if all the stimuli become more relevant when subjects
are motivated in spite of that task difficulty, and stimu-
lus probability keep constant. At a physiological level,
the changes in ERPs induced by motivating instruc-
tions may be interpreted as the result of an increase in
the activity of the noradrenergic system. Pineda et al.
have demonstrated the role of this system on the gen-
eration and modulation of P3 amplitude in monkeys,
and found a significant reduction in P3 amplitude after
the administration of adrenergic alpha antagonists, or
that had been caused by lesions of the locus coeruleus
and its ascending fibers [21, 22]. Thus, it appears that
the increase in the amount of attentional resources
allocated to a task in motivated conditions could be
associated with an increase in the activity of the norad-
renergic system, and consequently, with an increase in
P3 amplitude.

The above results may have some relevance for the
interpretation of P3 amplitude as a clinical index, at
least at group level. It is possible that the reduction of
P3 amplitude in patient groups may be due to a moti-
vational deficit. This motivational deficit has been
found in alcoholics, whose P3 amplitudes do not seem
to respond to the presentation of rewards associated
with the discrimination task [29]. It has also been
found that feedback training regarding a task produced
an enhancement of P3 amplitude in schizophrenics,
especially in those which presented a more defined
reduction in P3 amplitude [8]. Also, P300 amplitude
has been negative and significantly related to a state of
despair and suicidal risk in a sample of depressive
patients [37]. Nevertheless, the contribution of moti-
vation to differences in P300 between patients and
controls is not clear. Kemner et al. [15] did not agree
with the view that P300 abnormalities in hyperactive
children with attention deficit were secondary to an
impairment in motivation. They found that these chil-
dren presented significant reductions in P3 amplitude
to diverse stimuli, irrespective of task relevance.

In summary, this study underlines the importance of
motivation or task involvement in determining P3
amplitude and its interpretation for clinical purposes.
‘Dynamogenic’ factors such as motivation or emotion
should be fully investigated in order to determine the
real nature of the reduction in P3 amplitude in a
number of psychopathologies. The present work pro-
vides a simple experimental assessment of task involve-
ment which produces a significant increase in P3 am-
plitude, which could be easily adopted in specific
settings. Nevertheless, it could be argued that the in-
structions provided in the present study may have had
other consequences, such as raising the level of anxiety,
which in turn may have influenced P3 parameters.
Thus it is advisable that future studies include other
kinds of reward (i.e., monetary) to test whether the P3
component in different clinical groups is sensitive to
the manipulation of motivational levels.
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