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Abstract

Effects of attention to, and probability of sudden changes in, repetitive stimuli on somatosensory evoked potentials (SEP) were
studied. Low- (30 Hz) and high-frequency (140 Hz) vibratory stimuli were deliverad in random order to the middie finger of the left hand
with different presentation probabilities in different blocks. Also ignore conditions were administered.

In the ignore conditions, the probability had no effect on SEPs. However, when the standard stimuli were omitted, the ‘‘deviants’
elicited small N140 and P300 deflections not observed in response to deviants when standards were also present. In the attention
conditions, deviant stimuli (targets) elicited large N250 and P300 deflections which increased in amplitude with a decreased target
probability. However, when subjects counted infrequently presented “‘deviants’ alone (standards omitted) the enhanced N140 and the
P300 with shortened latency were elicited, but no N250 wave could be found. At the ipsilateral side, a distinct N200 deflection was seen
which could be the N250 with a shorter latency because of an easier task (detection instead of discrimination). The results might be

interpreted as suggesting that the somatosensory N250 is related to conscious detection of target stimuli.
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1. Introduction

In active oddball or discrimination situations, infrequent
auditory deviant (target) stimuli elicit negative mismatch
(MMN), N2b, and late positive (P3) waves in human scalp
recorded event-related potentials (ERPs) (for review, see
Naatinen, 1992). In contrast to the MMN, the N2b and P3
are attention dependent, often not occurring in the ignore
conditions (N#atinen, 1992), and analogous responses can
be measured also to visual stimuli (Simson et al., 1977).
The N2b has a fronto-central scalp distribution in the
auditory and visual modalities which speaks for their
non-specific generation (N#@4tanen, 1987), but some inves-
tigations have also yielded different distributions for the
auditory and visual N2b (Simson et al., 1976, 1977; Alho
et al.,, 1992; Woods et al., 1992; see also Halgren et al.,
1995).

“ Corresponding author. Tel.: +358 0 19123492; Fax: +358 0
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The N2b is usually followed by a P3a deflection, and
therefore they are often called the N2b-P3a wave complex
(Naitinen, 1992). The N2b-P3a association is quite strong
(Courchesne et al., 1975; Loveless, 1986), but the N2b can
occur also without the P3a (Knight, 1990; Ritter et al.,
1992), and vice versa (Sams et al., 1985), suggesting
different generators. However, if the discrimination has
been successful, the most prominent deflection elicited by
deviant/target stimuli is usually a centro-parietally dis-
tributed P3 (or P3b or ‘‘parietal slow wave’’) (Sams et al.,
1985; Naitinen, 1992). Kropotov et al. (1995) recorded
intracranially the N200/P300 complex to target tones in
the active oddball situation from the prefrontal cortex,
caudate nucleus, and cingulate gyrus where it was largest
in amplitude. The large N200/P300 complex has been
recorded intracranially also from the human anterior (Smith
et al., 1990) and posterior cingulate and supramarginal gyri
(Halgren et al., 1995). However, the relationship between
these components and the scalp recorded ones is unclear.

Josiassen et al. (1982) found somatosensory N230 and
P400 deflections to target electric stimuli delivered to the
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index or middle finger, which were not elicited by non-
target stimuli, those presented to the neighbouring finger
or to the homologous fingers of the other hand. Further-
more, Ito et al. (1992) found similar (N240 and P300)
components to rare target and also to rare non-target
stimuli delivered to the other hand. Recently, Kujala et al.
(1995) recorded quite similar auditory N2b-P3 and so-
matosensory N250-P300 complexes in selective attention
conditions where subjects attended to infrequent auditory
or somatosensory deviants, ignoring the stimuli of the
other modality. In general, similarly to the auditory and
visual N2b-P3, also the somatosensory N250-P300 seems
to occur in active oddball or discrimination situations.
However, the determinants of the somatosensory N250 are
only very deficiently known. Therefore, in the present
work, special interest was focussed on this component and
its determinants. It was studied by manipulating the direc-
tion of attention and the probability of stimulus deviance
in a condition where mechanical stimuli were delivered to
the tip of the left middle finger.

2. Methods

Eight healthy right-handed subjects (ages 22-42 years;
1 male) participated in the experiments. During the record-
ings the subject was sitting comfortably in an electrically
shielded room with the left hand supported by a vacuum
cast on the instrumentation table. The stimuli, low- (30
Hz) and high-frequency (140 Hz) vibrations of 300 msec
(including 30 msec rise and fall times), were delivered to
the tip of the left middle finger at a rate of 1 burst/800
msec. The low and high vibration frequencies were se-
lected to activate different submodality channels, non-
pacinian and pacinian channels, respectively (see Vallbo
and Johansson, 1984) and amplitudes (1000 and 80 um,
respectively) to produce sensations of approximately the
same intensity (by multiplying (X 10) sensation thresholds
extrapolated from the previous data; see Kekoni et al.,
1989). The stimuli were delivered by a probe of 8 mm
diameter attached to the moving coil of an electromechani-
cal vibrator (Bruel and Kjaer 4810). The amplitude was
controlled by an accelerometer (Bruel and Kjaer 4339).
The probe continuously touched the skin of the finger tip
during the experiments.

In different stimulus blocks, the probabilities of the
low- and high-frequency stimuli were 0.85/0.15 (stan-
dards /deviants), 0.5 /0.5, and 0.0 /1.0 (standards omitted),
respectively. In the standards omitted condition, the timing
of the ‘“‘deviant’” stimuli was exactly the same as in the
conventional 0.85/0.15 paradigm. The total number of the
““deviant’” stimuli was identical (150) in all blocks.

In the attention conditions, subjects were instructed to
count ‘‘deviant’’ (“‘target”’) stimuli by drawing a line on a

paper after each detected target stimulus. In the ignore
conditions, subjects solved arithmetic tasks presented
through earphones at a rate of about 7 tasks/min and
wrote the results on a paper. Subjects were instructed to
skip to the next problem if they did not have enough time
to solve a task. Low-level white noise was presented
through earphones during all conditions to mask possible
sounds produced by the vibrator. Three stimulus blocks
with the different probabilities were presented both in the
ignore and attention conditions in a balanced order. Half of
the subjects started with the ignore condition, and in the
following attention condition the order of stimulus blocks
was reversed. All subjects were tested on a subsequent day
in the opposite order. In pilot experiments with 2 subjects,
these tasks were also performed mentally with no motor
activity. EEG responses with and without motor activity
were quite similar. ERPs to stimuli with motor reactions
were slightly smaller than without motor activity, but no
differences in the distributions of the different components
were found.

The EEG was recorded with Ag/AgCl electrodes from
7 scalp locations: F3, F4, C3', C4 (C3 and C4 2 cm
posterior to C3 and C4, respectively), Cz, P3, and P4.
Voltage changes caused by eye movements and blinks
were monitored with an electrode placed above the right
eye. All electrodes were referred to the left mastoid. The
analysis period was 550 msec including a 50 msec prestim-
ulus period. The sampling rate was 250 Hz and the band-
pass 0.1-100 Hz (—3 dB). The averaged SEPs were
low-pass filtered (40 Hz). All epochs with a voltage change
at any electrode exceeding +75 uV were rejected from
averaging.

The N140, N250, and P400 (or P300) deflections were
determined from the individual SEPs and their peak ampli-
tudes were measured from time windows 100-180, 180
280, and 280-480 msec, respectively. The N140 and N250
(when identifiable) were largest in amplitude at F4 and the
P400 (or P300) at P4 in most cases. Therefore, because of
the volume conduction principle, the amplitudes of these
deflections from the other locations were measured at the
peak latency defined at the afore-mentioned locations.

The effects of attention to, and probability of change in,
stimuli on the different SEP deflections were studied with
2-factor analyses of variance for repeated measures includ-
ing attention and electrode as well as the probability of
deviant stimuli and electrode as factors. Changes in distri-
butions (in lateral and antero-posterior directions) were
analysed with post hoc paired ¢ test when interactions
between factors were obtained. The reported significances
for the F values are those obtained after Greenhouse-
Geisser correction when appropriate and then a correction
coefficient € is given. However, the original degrees of
freedom are presented for each analysis. The means and
standard deviations of the SEP peak amplitudes and the
effect of attention at the single electrodes are shown in
Tables 1-3.
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3. Results targets. The arithmetic tasks were demanding because of
their rather fast presentation rate. Every subject failed to
3.1. Performance solve some tasks because of the short time allotted.

Subjects found the stimuli of the different frequencies 3.2. SEPs in the oddball situation
easily discriminable from each other in the attention condi- In the ignore condition, the SEPs to the deviants were
tions. On the average, they only missed 3.3% of the rather flat (Fig. 1A), being smaller in amplitude than the
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Fig. 1. Grand-average SEPs to high probability standard (0.85) low-frequency (30 Hz, 1000 wm; thin line) and low probability deviant (0.15)
high-frequency (140 Hz, 80 wum; thick line) vibrations. Stimuli were delivered to the tip of the left middle finger while subjects were solving arithmetic
tasks in the ignore (A) or counting deviant target stimuli in the attend condition (B).
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Table 1

The mean peak amplitudes (£ S.D.) of the SEP deflections (in uV) of 8 subjects to *‘deviant™ stimuli in the oddball condition as well as the F values for

the effects of attention separately for each electrode

Electrode N140 N250 P300

Ignore Attend F,7 Ignore Attend F(,D Ignore Attend F(,7
F4 -0.4(0.9) -2401.7 8.42 * 0.4 (1.1) -3.7(3.6) 1437 " * 0.2(1.1) 3.1(3.3) 6.39 *
c4 0.2(0.9) -1.5(1.4 6.42 " 0.9 (0.5) -1.90.8) 19.94 * - 0.5(0.3) 5.1Q.7) 2385
P4 0.6 (1.0) -0.8(1.1D 6.45 * 1.3(0.7) -0.9(1.1) 24.00 * - 0.6 (0.5) 5.4(.1) 3285+
Cz 0.2 (1.0) -0.4(1.0) 2.60 ns 0.8(0.9) -26.0) 13.62 "~ 0.5 (0.6) 527 2359 "
F3 -0.2(0.6) -13(1.3) 4.02 ns 0.0 (0.6) 247D 19.17 *~ 0.1(0.8) 1.7(2.8) 2.90 ns
c3' 0.2(0.5) -1.101.2) 6.25 " 0.4(0.7) -250.3) 17.07 * * 0.4(0.5) 3.7027) 10.90 *
P3 0.3 (0.6) —0.4(0.5) 6.28 * 0.4 (0.6) ~1.4(1.2) 19.67 0.4(0.4) 4707 20.03 **

TP <005 7T P<001; 7T P <0001,

corresponding responses to the standards. However, SEPs
to standards remained almost unchanged when moving
from the ignore condition to the attention condition,
whereas SEPs to deviants clearly changed (cf., Fig. 1A and
B).

In the attention condition, 3 late components, N140,
N250, and P400, could be seen in SEPs to the deviants
(Fig. 1B). The N140 (mean latency 141 msec) was largest
at the contralateral frontal location. The N140 amplitude
variation between the different electrodes was significant
(F (6, 42)=6.04, P=0.02, €=10.28889). Further, the
amplitude significantly increased (F (1, 7)=6.79, P=
0.04) when subjects counted deviant stimuli. The interac-
tion between attention and electrode location was signifi-
cant (F (6, 42) = 3.79, P =0.04, €= 0.35983). This en-
hancement was significantly larger at all contra- (F4, C4
and P4) than ipsilateral locations (F3, C3' and P3; r=
2.531, P=0.0392; t=2.417, P=0.0463; t=2.513, P=
0.0402). The N250 deflection (mean latency 249 msec)
elicited by the deviants in the attention condition was quite
distinct at all electrodes, except at P4 (Fig. 1B). The
amplitude enhancement with attention was marked (F (1,
7)=22.5, P=10.002) at all electrodes (Table 1) and was
significantly larger at the contralateral frontal than homolo-
gous ipsilateral location (r=2.366, P =0.0499). It was
followed by a broadly distributed P400 with a mean peak
latency of 388 msec (Fig. 1B). The P400 amplitude varia-

Table 2

tion between the electrodes was significant (F (6, 42) =
6.5, P =0.008, €= 0.35854). The attention effect on the
P400 amplitude was also significant (F (1, 7) = 20.67,
P =0.003). The interaction between attention and elec-
trode was also significant (F (6, 42) =4.06, P =0.03,
€ =0.43626). The amplitude increase was significantly
larger at the contralateral central than at the homologous
ipsilateral location (#=3.19, P =0.0153). At the ipsilat-
eral side, the increase was larger at the posterior P3 and
C3’ than at the anterior F3 (r=3.289, P=0.0133; r=
2.717, P =0.0299).

3.3. SEPs to equiprobable stimuli

In the ignore condition, with equiprobable low-
(¢*standard’’) and high-frequency (‘‘deviant’’) stimuli, the
SEPs were quite similar to the corresponding responses in
the oddball situation (cf., Figs. 2A and 1A). Nor was there
any remarkable difference in the SEPs to the ‘‘standards’’
between the attention and ignore conditions (cf., Fig. 2B
and A).

In the attention condition, the N250 and P400 could be
seen in the SEPs to the ‘‘deviants” (Fig. 2B), but at a
smaller amplitude than in the 0.85/0.15 condition (Fig.
1B). On the contrary, the N140 was of almost the same
size and wave form as in the oddball condition, being
largest at the contralateral frontal location (Table 2). The

The mean peak amplitudes (£ S.D.) of the SEP deflections (in uV) of 8 subjects to “*deviant™ stimuli in the equiprobability condition as well as the F

values for the effects of attention separately for each electrode

Electrode N140 N250 P300

Ignore Attend FQU,D Ignore Attend F({,7D Ignore Attend F,7
F4 ~0.2(0.8) 2707 13.99 ** 0.3(0.5) —-1.6(1.9) 17.12 * 0.1 (0.8) 1.3(1.2) 8.03 *
cq 0.2(0.6) —1.1(L) 11.03 0.3(0.5) —-0.1 (0.4) 1.48 ns —-0.1(0.4) 2421 10.38 *
P4 0.4 (0.5) —0.401.1) 4.66 ns 0.1 (0.6) 0.4(1.5) 0.40 ns -0.2(0.5) 3.1 3.0 9.96 *
Cz 0.1 (0.8) -03(1.7 0.44 ns 0.2 (0.8) 0.0 (1.0) 0.08 ns -0.2(0.4) 23@.D 9.04 *
F3 -0.1(0.5) -150.2) 9.10 * 0.0 (0.5) -1.2(0.8) 10.56 * —-0.1(0.6) 0.4(1.3) 0.81 ns
c3 0.2(0.4) -0.90.1) 8.66 ~ 0.0(0.5) -0.7(1.1) 2.65ns —0.1(0.3) 1.9(2.6) 433 ns
P3 0.3(0.3) -0.3(0.5) 10.15 * 0.0 (0.6) 0.0(0.3) 0.03 ns 0.0(0.3) 25Q.7 6.51 *

TP <005 7" P<0.0l.
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variation between the electrodes was significant (F (6,
42) =767, P=0.004, € =0.3664). The N140 amplitude
was larger in the attend than in the ignore condition (F (1,
7) =9.48, P =0.02). Also, the interaction between atten-
tion and electrodes was significant (F (6, 42)=6.07,
P =0.008, €=0.39654). The enhancement was larger at
the contralateral than at the ipsilateral frontal location
(+=12.974, P=0.0207), and larger at the contralateral

frontal F4 electrode than at the contralateral posterior C4'
and P4 locations (¢ = 3.603, P =0.0087; +=13.254, P=
0.014). In this equiprobability condition, the N250 (mean
latency 262 msec) to attended ‘‘deviants’’ could be seen at
the frontal and ipsilateral central locations (Fig. 2B). Its
amplitude was significantly larger in the attend than in the
ignore condition only at F4 and F3 (Table 2). The interac-
tion between the recording site and attention was signifi-
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Fig. 2. Grand-average SEPs to equiprobably presented high- (140 Hz, 80 um; thick line) and low-frequency (30 Hz, 1000 wm; thin line) vibrations.
Stimuli were delivered to the tip of the left middle finger while subjects were solving arithmetic tasks in the ignore (A) or counting the high-frequency

target stimuli in the attend condition (B).
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cant (F (6, 42) = 6.69, P = 0.006, €= 0.38065). The en-
hancement was larger at the contralateral frontal F4 than at
the posterior C4' and P4 locations (¢ = 5.038, P = 0.0015;
t=3.63, P=10.0084); however, there was no significant
change in lateral direction. The N250 was followed by a
broadly distributed late P400 (mean latency 370 msec). Its
amplitude was significantly increased by attention (F (1,
7)=1.35, P=0.03). The interaction between electrodes
and condition was significant (F (6, 42) = 8.09, P = 0.006,
€ = 0.30293). The enhancement of P400 was larger at the

contralateral parietal than at the ipsilateral location (¢ =
3.072, P =0.018), and larger at the posterior than at the
frontal locations at both sides (P4 vs. F4 , t=2.63,
P =0.0339; C4' vs. F4, r=2.672, P =0.0319; P3 vs. F3,
t=13.238, P=0.0143; C3 vs. F3, t = 2.923, P = 0.0222).

3.4. SEPs to infrequent ‘‘deviants’’ when standards were
omitted

Fig. 3 shows the grand-average SEPs to the high-
frequency ‘‘deviant’’ stimuli when the low-frequency stan-
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Fig. 3. Grand-average SEPs to infrequently presented ‘‘deviant’” vibratory stimuli (140 Hz, 80 wm) delivered to the tip of the left middle finger when the
standard stimuli were omitted. Subjects were solving arithmetic tasks in the ignore (A) or counting the targets in the attend condition (B).
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Table 3

The mean peak amplitudes (£ S.D.) of the SEP deflections (in pV) of 8 subjects to ‘‘deviant’ stimuli when standards were omitted as well as the F

values for the effects of attention separately for each electrode

Electrode N140 P300

Ignore Attend FQ,7D Ignore Atiend F(1,7
F4 -23Q2.1 -5.0(4.4) 734" 1.6 (1.5) 3.2(3.0) 3.85 ns
c4 -1.2(1.2) -2.8(2.4) 6.18 * 2.9(1.4) 5.4(2.2) 3109 <
P4 0.0(1.2) -0.9(1.6) 3.65 ns 3.0(1.9) 6.7(3.7) 19.65 *°
Cz -0.8(1.3) -33(4.8) 2.95ns 2.7(1.5) 5.0(22) 16.80 **
F3 -1.0(1.2) -2.8(3.3) 4.05 ns 0.9(1.2) 1.922) 2.16 ns
c3 ~0.1(0.8) -27@3.5) 5.16 ns 2.0(1.3) 3726 765 °
P3 0.4(0.8) - 11(1.9) 5.25ns 1.8(1.3) 4.6 (2.7 19.49 **

*P<005 T P<001; 7" P<0.001.

dard stimuli were omitted. The SEPs differed from the
other SEPs of the present study in that there was a clear
N140 (mean latency 146 msec) and P300 (mean latency
305 msec) also in the ignore condition (compare Figs. 3A,
2A and 1A).

The N140 amplitude increased (F (1, 7)=5.59, P =
0.05) when the subjects counted the rarely occurring (mean
ISI = 5.3 sec) stimuli, being largest at the contralateral
frontal location (Fig. 3 and Table 3). The amplitude varia-
tion between the different electrodes was marked (F (6,
42)=5.48, P =0.02, ¢ = 0.2884). The SEPs in this atten-
tion condition differed from those in the other attention
conditions in that there was no trace of the N250 wave.
Instead, the N140 was followed by the P300 (mean latency
330 msec). There was, however, a little “‘bump’’ at the
descending phase of N140, but it was not measurable at
the contralateral side, because it was overlapped by the
large N140. The P300 amplitude was increased with atten-
tion (F (1, 7) = 16.69, P =0.005), being largest at the
contralateral posterior location (Table 3). The amplitude
variation between the different electrodes was significant
(F (6, 42)=17.94, P=0.008, €=0.27871). The interac-
tion effect between attention and electrode was also signif-
icant (F (6, 42)=5.01, P=0011, e=0.46556). The
enhancement with attention was larger at the ipsilateral
parietal than at the frontal location (¢ = 3.761, P = 0.0071),
but no significant changes in lateral direction caused by
attention were observed.

3.5. Effect of deviance probability on SEPs

Grand-average SEPs to ignored and attended ‘‘deviant™’
(target) stimuli presented with the different probabilities
are superimposed in Fig. 4. SEPs were quite similar in the
0.85/0.15 and 0.5/0.5 ignore conditions (Fig. 4A). The
probability had no marked effect on SEPs in these ignore
conditions. In contrast, SEPs were different in the standard
omitted (1.0/0.0) condition, including the clear N140 and
P300 deflections, as already mentioned.

In the attend conditions, the probability had a distinct
effect on SEPs (Fig. 4B). The N140 was smaller in

amplitude when it was elicited by target stimuli among
standards (the 0.85/0.15 and 0.5/0.5 conditions) than
when it was elicited by target stimuli presented without
standards. However, this probability effect was not statisti-
cally significant, apparently because of great individual
variation in amplitude. On the contrary, the probability
effect on the P300/P400 amplitude was highly significant
(F (2, 149 =14.47, P =0.0005, €= 0.96479). The inter-
action between the electrode and probability was not sig-
nificant, indicating that the P300/P400 distribution did not
depend on the target stimulus probability. The amplitudes
of P400 were significantly larger in the 0.85/0.15 than in
the 0.5/0.5 condition (F (1, 7) = 16.46, P = 0.0043).

The N250 occurred only when the target deviant stimu-
lus was presented among standard stimuli, and its ampli-
tude significantly increased when the probability decreased
(F (1, 7) = 6.23, P = 0.0413). The interaction between the
electrode and probability was not significant, suggesting
independence of the N250 distribution of the target stimu-
lus probability.

4. Discussion
4.1. SEPs to ignored stimuli

In the ignore conditions, the SEPs to the deviant stimuli
were rather flat when the deviants were presented among
the standards. However, when standard stimuli were omit-
ted, the ‘‘deviants’’ elicited a small N140 and a late
positive deflection (Fig. 4A), which were not found when
standard stimuli were also presented in the block.

In contrast to our expectations, the SEPs in the ignore
oddball situation to the low-frequency standard stimuli
were larger in amplitude than to the high-frequency de-
viant stimuli (Fig. 1A), although the subjective intensities
were equalled. SEPs should have been larger to deviants
than to standards due to the physiological rate effect
(Tomberg et al., 1989; Desmedt and Tomberg, 1991)
because the mean ISI between successive deviants was
considerably longer than between successive standards.
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The unexpected difference between these SEPs may be, at
least partially, due to different cortical representations of
pacinian and non-pacinian systems (Ferrington and Rowe,
1980; Burton and Carlson, 1986; Hamalidinen et al., 1988;
Mogilnar et al., 1994), generating also differences in SEPs
as has been shown previously (Himildinen et al., 1990).
The changes in SEPs in the standards omitted condition
might be due to a temporal infrequency. Because the
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addition, it is possible that the changes of the SEPs were,
at least partially, related to sudden involuntary shifts of
attention, because infrequent stimuli presented against a
““silent’’ background had a strong orienting effect, subjects
reporting that a stimulus sometimes caught their attention
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Fig. 4. Grand-average SEPs to ‘‘deviant’” stimuli when deviants were infrequently (0.15) presented (thick line) among standards (0.85), when *‘standards”’
and ““deviants’’ were equiprobable (dashed line), or when standards were omitted (thin line). Subjects were solving arithmetic tasks in the ignore (A) or

counting the targets in the attend condition (B).
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in spite of the rather demanding arithmetic task (cf.,
Desmedt and Robertson, 1977; Desmedt and Tomberg,
1991). This ‘‘attention leaking’’ interpretation (cf.,
Desmedt et al., 1977) is supported by the fact that the
somatosensory N140 was followed by the P300 wave (Fig.
3A), which might index involuntary shifts of attention
(Knight, 1984, 1985; Yamaguchi and Knight, 1991). This
is also confirmed by the early onset of this positivity
(Yamaguchi and Knight, 1991) and its preponderance on
the contralateral hemisphere (Bruyant et al., 1993).

4.2. SEPs to attended targets

In the attend conditions, the late SEPs were more
pronounced than in the ignore conditions (Fig. 4). The
N140, N250 and P400 were elicited by the attended de-
viants in the 0.15/0.85 and 0.5/0.5 conditions. The large
N140 and clearly earlier late positive {P300) deflections,
but not the N250 wave, were elicited by the attended
targets when the standards were omitted. All these late
deflections were broadly and bilaterally distributed in the
attend conditions and they were slightly larger at the
contralateral side, being in good agreement with some
previous mapping studies (Desmedt and Tomberg, 1989;
Garcia-Larrea et al., 1991; Bruyant et al., 1993). The N140
was most prominent at the contralateral frontal location in
the attend conditions. That is concordant with the sugges-
tion by Desmedt and Tomberg (1989) that the cognitive
N140 reflects activation of area 46 and complex reciprocal
interaction between posterior and prefrontal cortex and
subcortical structures. The N250 was also largest at the
contralateral frontal location and its fronto-central distribu-
tion (Fig. 4B) was of the same shape as distributions of the
auditory N2b in many previous studies (for review, see
Naitinen, 1992). This matches well with human intracra-
nial recordings in which the large N200/P300 complex
was observed from the human cingulate gyrus (Smith et
al., 1990; Halgren et al., 1995; Kropotov et al., 1995). The
P300/P400 was largest at the contralateral parietal loca-
tion, supporting the idea of Bruyant et al. (1993) according
to which the somatosensory P300 is dependent on the
hemisphere receiving the P3-evoking stimulus.

4.2.1. Effects of attention

Previous studies have established that the N2b depends
on the direction of attention (N##tinen and Gaillard, 1983).
However, Ito et al. (1992) found somatosensory N240 and
P300 deflections both in response to rare target and non-
target stimuli, suggesting that the somatosensory N240
could be elicited also by rare non-attended stimuli. The
rare non-target stimuli were more infrequent (5%) than the
target stimuli (15%). It may be that, because of this
relative rarity, non-target stimuli sometimes caught atten-
tion. In addition, the N240-P300 to rare non-target stimuli
was clearly smaller than to rare target stimuli, indicating
attention dependence. The present results, too, support the

idea of attention dependence of the somatosensory N250,
because it occurred only in the attend conditions. Corrobo-
rating evidence is provided by previous results of Josiassen
et al. (1982), Desmedt et al. (1983), Béning et al. (1989)
and Desmedt and Tomberg (1989). Unfortunately, the
somatosensory N250 (or N220, or N240) was rarely re-
ported in previous studies, although it could be seen in
published figures.

4.2.2. Detection vs. discrimination

It has been proposed that deviance is not a necessary
condition for the elicitation of the N2b, whereas temporal
infrequency might be a more important factor (N#itinen
and Gaillard, 1983; Loveless, 1986). In the present results,
when the probability of the deviant (target) in the attended
stimulus sequence diminished, the amplitude of the so-
matosensory N250 considerably increased. Thus this am-
plitude seemed to be inversely related to temporal proba-
bility. However, temporal infrequency per se was not a
sufficient condition, judging from the fact that, when the
standards were omitted, large N140 and P300 deflections,
but no N250 response, were elicited by the infrequent
targets. Therefore, in light of the present data, stimulus
change seems to be necessary for the generation of the
somatosensory N250 response.

The present results could also be interpreted in another
way. It is well known that the P3 depends on task diffi-
culty (Duncan-Johnson and Donchin, 1982; Donchin et al.,
1986). In the present study, the P300 latency markedly
shortened when standards were omitted (from 388 to 330
msec). Obviously, this was due to the facilitation of the
task performance, because the subjects had only to detect
targets instead of discriminate between 2 different stimuli.
A similar shortening was also observed for the auditory
N2b when the discrimination between standard and deviant
stimuli became easier (Sams et al., 1985). In the present
results, there was a hardly perceivable ‘“‘bump’’ in the
descending phase of N140 when standards were omitted.
This ‘‘bump’’ was more clearly seen at the ipsilateral (left)
frontal and central locations, where it was the most nega-
tive deflection and not so much overlapped by the N140 as
at the homologous contralateral sites. It could be the N250
with a latency of 200 msec that was also shortened, as was
the P300 latency, by the fact that only detection was
required instead of discrimination.

The N140 amplitude enhanced when standard stimuli
were omitted as compared with other attend conditions. It
could be that the target stimulus presented against a *‘si-
lent’” background is more arousing and, thus, generates a
greater unspecific N140 (see N#itdnen and Picton, 1987).
Another possibility, not excluding the first one, is that
because of the N250 latency shortening, the N140 and
N200 (N250) are overlapping and partly summed together.
If the shortening interpretation is true, it would mean that
stimulus change is not necessary for the N250. This is in
good agreement with previous results of auditory (N#itinen
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and Gaillard, 1983) and visual (Loveless, 1986) N2b gen-
eration. According to these results, the N2b could be
elicited by infrequent isolated stimuli, too. This is also
concordant with the result by Picton and Stuss (1980) that
the P165-N2-P3aris associated with signal detection.

According to Naatinen (1992), the critical borderline
between the preconscious and conscious processes in dis-
criminating a stimulus deviation lies between the N2b
generator process and those of the subsequent positivities.
The brain process generating the mismatch negativity is an
automatic preconscious process, the auditory MMN being
elicited by attended as well as ignored deviant stimuli
(N#dtanen et al., 1978). On the basis of the present results
it is not possible to determine the moment of onset of
conscious processing. It seems probable, however, that the
somatosensory N250 is related to conscious target detec-
tion or deviant discrimination, because it was elicited only
by attended target/deviant but not by similar ignored
non-target /deviant stimuli. However, it still remains open
whether stimulus change and, thus, deviance discrimina-
tion is necessary, or target detection alone is sufficient for
the generation of the somatosensory N250.
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