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ABSTRACT
}.

Mesogenoué and endogenous event-related potentials were

Il

recorded from the scalp and nasopharynx during a signal-"

detection task. The mesogenous components were evaluated

with réspect to the effects of inter-stimulus interval,

intensity,’ frequency, attention and modality. Our fesults;

indicateﬂthe'existence' of ‘at ‘least 4 distinct processes
occdrring in the 75-150 ms latency rarige following auditory
stimuli. The first process is indexed in the vertex-

Nlb/temporal-Nla component. This component does not reverse

in polarity below the Sylvian fissure and is‘ not seen in

nasopharyngeal recordings. The location of its generator in

not known. Probably there are two or more sources active at

this latency. The second procegss finds reflection in the

Nlc/PgPl20 component. This componhent is recorded with

maximum amplitudé on the side contralateral to the ear of

o

delivery. A source in the lateral surface of the temporal
lobe is a likely generator. The third process corresponds

to Wolpaw and Penry (1975)'s Ta positivit?. How much of

-
.

this. represents the underside of a vertically oriented-

dipole and how much a surface positivity is unknown. Final-
ly, during attention, a lateralized processing negativity

seems to overlap these components at the scalp, but not at

iv
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the nasophafynx; The auditory vertex Nl componen£ is quite
-distinct from the visual N1 which is more‘bosferiorly re-
corded on the scalp and which is associated with a definite
nasopharyngeal positive wave. The P2 component is quite
similar across auditory and wvisuwal modalities. In both
modalities it is maximallyz;;EE%dea from the vertex and has
no nasopharyngeal concomitant!

The endogenous components were evalfated with respect
to the the effects of probability, interstimulus interval,
intensity, .discrimination difficulty, 'qttention, stimulus
omission and modality. Waves of opposite pdlarity to the
scalp N2 and P3 components were récﬁpéed in‘the nasopharynx.
The scalp and nasopharyngeal N2 components showed different
patterns of .variation écross experimental conditions, These
findings indicate that thére are two different cerebral
processes occurring at the latency of the scalp N2. Tﬁe
scalp and nasopharyngeal P3 components consistently covaried
across conditions, suggesting a single underlying process.

The Slow Wave was observed only in the scélp recordings.
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INTRODUCTION

Event-related potentials (ERP) can provide a uniqpe
picture of brain electrical activity during information
processing in normal human subjects. The use of.the evoked.
-potential recording technique to further our theoretical
knowledge'qf human cognition and pqrsonality_'is limited,
however, since we do not know much about the component--
structure and source generators of the‘event—related poten-
tials in man. A deeper knowledge of the constituent
components of the evoked waveform under éiven experimental
conditions would greatly facilitate the task of establishing
relations between brain electrical events and psychologiéal
processes, Similar benefits would come from a knowledge of
the source generators of the various ERP components, per-
mitting a better understanding of the genesis of the
scalp-recorded waveform, which could then be dissociated
into physiologically meaningful components. The infofmation
gathered iﬁ other research areas ({(animal psychophysio}ogy,
neuropsychology, neuropharmacology, etc) could then be used
.to understand the functional significance of the ERP

components.
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It is common practice to classify ERP components into
exogenous and endogenous (Donchin et al. 1978). Exogenous
components are evoked by-;events extrinsic .to the nervous

system. Endogenous componénts are determined mostly by the

psychological properties of the eliciting event in interac-

tion wiﬁh the subjective states of the subject, and can be
elicited by the absence of a stimulus. They are related to
the use made of stimulus information.  Hillyard et al.
(1978) have proposed the intermediate "mesogenous” category
for those components which are determined jointly by ‘the
physical parameters- of stimulation andlﬁhe psychological
states of the §ubject. It 1is possible that mesogenous
components are‘ a rasult of overlapping endogenous and ex-
ogenous processes, The.category'is useful, hawever,_since
it permits distinguishing the vertex N1b-p2 components and
the temporal Nla and Nlc components .from the earlier ex-

ogénous components gnd from the later endogenous N2, P3 and

Slow Wave,.

-

The;most reliable information concerning the origins of
ERP components comes from intra-cerebral recordiﬁgs in
animal and human subjects. Vaughan and colleagues (Vaughan
1974; vaughan and Ritter, 1970). have used . results from
animal intra-cerebral studies (Arezzo et al. 1975) to
support their hypothesis of a vertically oriented temporal

dipole accounting for the N1-P2 components recorded from the
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scalp. Recent studies by Halgren and Wood (Halgren et al.

1980; Wood et al. 1980) point to the Aimbic system as a
likely generator.for_the late éndogenous cqmponents of the
ERP (N2 and P3). This is intereshing, in view of current
hypotheses linking the endogenous components to mnemonic and
affective processes (Donchin 197%-updating of context;
Hbmberg et al. 1980-incentive value), functions that have
traditionally been as;ociated with the limbic system. Depth
recordings from the human brain, however, are limited to
patient populatibns were tge procedure can be jﬁstified on
diagnostic grounds. The number of experimental manipula-
tioris which can be attempted is very limited due to time
constraints. Furthermore, t%f'results that are obtained
from the patients are certainly ‘quite different ‘from those
that would be obtained in normal subjects. 'Finally only a
few investigators are equipped to'deal with the procédures
involved, or interested in dbing so.' For these_ reasons,
topographical studie$ have been used extensiﬁély to dis-
tingui;h_ERP components and infer thedir Gér?bral origins,
These studies have usually compared waveforms recorded from
various locations on the scalp ’and used the spatial dis-
tribution of amplitude to distinguish components. In all
these studies, - however, an important aspect 6f the brain is

left unexplored, namely, its'medio—basal surface.

Nasopharyngeal recordings provide a view from . the
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medio-basal surface of the brain. The tip of these
electrodes rests at the b;ck of the nasqpharynx, a location
under frontal;lobeslanﬂ the anterior portion of the temporal
lobes. This }ocatioq is diametrically opposed to the midl-
ine scalp electrodes and appear;\ideal to record from the
lower end of vertiéally oriented dipoles. Vaughan and
Ritter's (1974) hypothesis concerning the N1-P2 geéératqr

would therefore predict an inverted N1 at the nasopharyngeal

leads., The nasopharynx would also seem to be a good vantage

point to record activity from the limbic systggi\\especially

the hippocampus and amygdala. In intra-cerebral fecordings,

these- structures (cf. Wood et al. 1983) _are very active
during the time of the scalp-recorded N2 and P3 components.

It therefore became interesting to see whether we would

record these components in the nasopharynx.

A major problem in the identification of ERP components

is the possible overlap of several components in the same

time period. In such cases., variations in two or more,

distinct components might be attributed to only one process.
There is a lot of evidence for overlapping processes in the
period from 50 miliseconds onward. Principal component

analyses can be useful to distinguish overlapping compon-

ents. The presently used techniques of principal component

analysis, however, cannot be used if there are changes in

latency or if there are components that overlap in both
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space and time (Picton and Stuss, 1980). The choice of ~ a
method of rotation ‘and the evaluation of . component-
6:;}‘Cfignificanc\:e' are alsb still gquite problematical (R&sler
and Manzey, 198l). Fihélly, the majority of evoked poten-
tial laboratories (includiﬁg ours) is not properly equipped
to .deal ‘with the data processing 1involved. The best means
~Aavaillable t§ distinguish separate cbmponents under such
'cifcumstances is to use multiple experimental manipulations
(cf. Donchin et al. 1978), in conjunction with a careful
analysis of scalp-distribution data. It 1is unlikély that
-distinct components will ré%ct.in the same way to several
'féﬁperimental_ manipulations, Dissociation across experim-
”éﬁtal manipulations thus providés a furthér'basis for. ev~
aluation of the component-structure of the ERP waveform. 1In
thé studies reported here we used manipulations of pro-~
bability, interstimulus inﬁerval, intensity, discfimination
difficulty, stimulus omissions, attent;on dnd modality, in
'gn attempt to maximize the'possibility of dissociation
between nasopharyngeal and scalp—recorded components, We
will now turn to the specific rationale for each one of
these manipulations. A brief summary of results is aléo

provided.

/

L]



RATIONALES AND OUTCOMES

Probability

The effects of probability on the N2 and P3 components
have been very well documenged (see Picton et al. 19}8a for
a review). These compdnents increase in amplitude with
decreasing probability of the eliciting target. We were
interested mainly in seeing whether the inverted N2 and Pp3
components at the nasopharynx' would also decrease witﬁ de-

creasiné probability. Fitzgerald and Picton (1983) have.
recently shown that the endogenous components were primarily
determined by the interval‘ of .time separatiné targets
(temporal probability), rather than by the probability of
occurrence of the targets within ‘the train of stimuli
{sequential probability). We were interested to see whether
both scalp and nasopharyngeal processes would show a similar
dependence on temporal probability. We examined these
possibilities in three probability conditions where both
types of probability were either jointly manipulated (usual °
manipulation) or separately manipulated (only sequential or
only temporal). The deééription of the probability condi-
tions will be found on page 82. We hypothesized that the N2

and P3 components would be similarly affected at the scalp



and nasopharynx by our probability manipulationé. This
hypothesis was confirmed for P3. .The %calp and
ﬁasopharyhgeal N2s appeared differently affected across
probability conditions, éhus pointing to the possibility of
two distinct processes,

4

Interstimulus interval

'Qesides its use in determining probability'condifions,
changes in interstimulus interval (ISI) permit altering the
amplitude of components as a func;ion of their refractory
period. Long ISIs were used (3.3s and 5.0s) to maximize the
amplitude of the mesogenous components -and increase the
éossibility of recording them from the nasopharynx. We
hypothesized that the N1-P2 components would be seeh with
reversed polarity at the nasopharynx, at least in the
longest 1ISI condition. This prediction was not confirmed
despite the large amplitude of these components at the
scdlp. These results were interpreted as not supporting the
hypothesis of Vaugﬁan and colleagues concern;ng a vertically

.oriented dipole 1in the temporal lobe, responéible for the

generation of the NI-P2 components.

Intensity ' .
Qur preliminary experiment (Perrault et al. 1983) didq

not replicate the findings of Syith et al. (1973) concern-

N



ing an inverfed N1-P2 at the nasgbharynx.: This discrepancy,
however, might have:péen explained by a lower intensiﬁy of -
the stimuli in our experiment (65 dB). We decided to in-
Crease the intensity to 90 dB in thelcurrent studies, keep—~
ing a 65 dB condition for control'pﬁrpoées. We hypothesized
an increase in amplitude of the N1-P2 components at the
scalp and hoped to see a reversal of these components at the
nasopharynx.' Oﬁr manipulation increased the amplitude of
the N1-P2 to the targetg but not to the standards. There
Qere still no  components at, .these latencies in the
nasopharyngeal recordings. Somewhat unexpectedly, the
intensity manipulation had an effect on the amplitude of the
scalp N2, which was not found for the nasbpharyngeal N2.
]

This was interpreted as providing further support for the

existence of two distinct processes in the N2 latency range.

Discrimination difficulty

This condition was useful in three ways. 1) Increasing
the difficulty of discrimination targets from standards is
known to increase ‘the latency of both the N2 and P3 compon-
ents and decrease the amplitude of the P3 (Ford et al.
i976; Fitzgerald and Picton 1983;: Campbell et al. 19835.
It was therefore important to check if the nasopharyngeal N2
‘and P3 were similarly affected. We hypothesized similar

effects on both the scalp and nasopharyngeal endogenous



componenfé, a prediction- that was.verlfled 2) Since the
standards were 2000 Hz in the easy condition and 1050 Hz in
the difficult condition, everythlng else being kept equal,

we"éould study the direct effects of stimulus frequency on
the ERP components at both the scalp and the ﬁasopharynx.
Following the results of Picton et al. (1978b), we hypo-
thesized no changes. in the mesogenous components between
these épecific frequencies, This hypothesig was confirmed.
3} A comparison of target responses in the easy condition to
those of khe difficult condition provides information con-
cerning the frequency—specificity of thé Nlé, Nlb, Nlc and
P2 components., Our only hypothesis concerned the frequency-

specificity of the N1 component, which we confirmed.

Stimulus omissions

Stimulus omissions provide a view of the components thch
can be elicited without external stimulation. The.Nz,' P3
and . Slow Wave - components remain in the scalp waveform in
these conditions and we were interested to see whether the
nasopharyngeal components were also truly endogenous. The
second omission condition, with a shofter IS5I, was intro-
duced to examine and reduce the effects of latency jitter dn‘
the scalp components, ang again check if their nasopharyng-
eal counterparts would be similarly affected. We hypothes-

ized covariation of the scalp and nasopharyngeal N2 and P3

-

4



10

components following stimulus omissions. Our results con-
J

firm this hypothesis for P3, but again we.found indications

of two distinct processes in the N2 latency range.

Attention

The attention condition permitted to verify the occur-
rence of NA&dtdnen's (1979) processing negativity by pres-
umably reducing i; in the Ignore condition. Furthermore a
P3a component has beén reported in response to the térgets
in Ignore conditions {Squires et al, 1975). We"ﬁanted to
know whether this component would also appear at the
nasopharynx. Finally, Goodin et al. {1980) have reported
the existence of a P165 component that can be identified in
the waveform follbwing an Attend-Ignore subtraction. We
- investigated the possibility of a corresponding component at
the nasogharynx. We hypothesized a scalp-nasopharynx
covariation for the N2 and P3 compondnts., Furthermore, we
expected the occurrence of a P3a in the Ignore waveforms,
and the appearance of a Pl65 in the subtraction waveforms,
with the P3a reversing at the nasopharynx. Our attention
manipulation was not successful in revealing either of these
components, preventing consideration of possible generators.
We hypothesized an amplitude diminution of P3 at the scalp
and nasopharynx, which was confirmed. The N2 results again

revealed a dissociation between scalp and nasopharynx.
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Modalitz .

We compared results. from\ thg audiyory' and. visual
m&dalities; . in order to éeg whether both scalp %nd
nasopharyngeal components wouid be similarly affectéd;' The
scalp-distribution of the N1 component is'modality—specific.
It cquld therefore occur at the nasopharynx in the visual
modality even though it was not seen in the auditory modal-
ity. A similar rationale applies for the N2 component. On
thé contréry, the P3 and Slow-‘Whve components are not
thought to be mpdality specific. Their representation at

the nasopharynx should therefore, be the same in both
modalities. We hypothesized changes in the Cz/nasopharynx
reversal percentages for the N1 -ﬁnd N2'components, since
they show different scalp—distributions for the auditory and.
visual modalities. This hypothesis Qas_ confirmed. ~ No
changes 1in reversal percentages were predicted for the P3

and Slow Wave components since these are not affected by

stimulus modality. This hypothesis“was also confirmed.

THESIS FORMAT

The core of this.thesis consists of two articles to be
submitted to the Joupnal of Elecfroencephalography and
Clinical Neurophysiology. For this reason, the format is
that required by this pubiication. An article concerning

the results of the preliminary experiments has already been

J



published (Perrault et al. 1983). It can be found in

Appendix A. Appendix B contains tables of mean latencies and

amplitudes for the ERP components measured in the core

5
studies. : ™~

<
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—

A distinct negative-positive complex, commoniy called .
Nl—PZ, can be recorded from the human scalp in respgnseﬂ%ip
transient 'auditory stimuli. The peak latencies of -.this
response are typically 100 and 180 ms. The fésponse is
maximally recorded from midline frontocentral electrodes and
has thereforé often been called the "vertex potential". A
response of similar morphology occurs following transient
stimuli in the somatosensory or visual modalities (Goft et
ai. 19§9). | Thgse waves, whic; are affected by -both the
'phxsical parameters of the stimulus and the psychological
state of the subject, have been considered as "mesogenous”.
in nature (Hillyard et al. 1978).- This is for the present
a convenient términology since it, distinguishes these
components of the response from earlier componentslwhich are
more completely determined by stimulus properties and later
components which are more affected by psychologicél para-
meters. .It is " certainly possible that the mesogenocus
potentigls may be composed of overlapping exogenous and '’
endogenous processes but we are at present unable to easily
dissociaté such subcomponents.
Despite extensive research, the cerebral origins ‘of the /)

audifory vertex potential remain unknown. Vaughan - and
Ritter (1970) reported that the auditory N1-P2 component

measured using a nasal reference reversed -in polarity across

14



the Sylvian fissure. They therefore postulated that these
waves were generated by a vertically oriented dipole in the.
primary auditory cortex on the superior surface of the
temporal lobe. These résults were cfiticized by Kooi et al.
(1971) who found no evidence of polarity reversal across the
Sylvian fissure when. the potentials were recorded ‘using a
noﬁ;cephalic reference. They suggested that Vaughan and
Ri£ter's résults were better explained by an active nose
referénce th&n by a Sylvian dipole. Other studies supported
such conclusions (Picton et al. 1974; Streletz et al. 1977;
McCallum and Curry 1980). Vaughan (1974), however, arg;ed
that an inverted vertex potential 1is recorded from the
non-cephalic sternovertebral reference, since this location
" lies in the direction of the maximum potential generéted by
the vertically oriented temporal dipole. The nose reference
is less likely £o be contaminated by this potential, §ince
it would lie on the equipotential line of such a dipgle.
Using even more distant references Streletz et al.
¢1977-wrist) and Picgon et al. (1978c - ankle} found no
time-locked activity at the sternovertebral site, whereas a
-significant amount of activity codld be seen at thianose
location.

In a recent topographicaf study, Wolpaw and Wood (1982)
atﬁempted to settle the issue of electrical activity at

reference sites. Using a non-cephalic sternovertebral

-



reference, they found voltage gradients to‘be.steepest in
the temporal region, becoming extremely shallow at locations
on the upper neck and remaining essentially flat below that
point. These findings occurred for all -subjects, independ-

ently of the amount of activity recorded between the nose

and sternovertebral réﬁerence. Wolpgw and Wood thus con~
‘clude that the sternovertebral ézte'3is not significantly
active during recordings of the auditory evoked potential.

Studies of patients with lesions of the auditory cortex
have not produced convincing evidence for the exact cerebral
source of the_Nl—Pé waves. Peronnet and colleagues (Per-
onnet et al. 1975; Peronnet and Michel 1977}, usiné a nose
reference, recorded ffom patients with unilateral damage to
the auditory cortex. They argued that if Vaughan and Ritter
were correct, a reversal of the vertéx potential should be
seen only on the side of their patients! healthy hemisphere.
Their recordings. support their hypotheses but are difficult
to interpret because the phase reversals noted in some of
the patients are much larger than those noted in normal
subjects. These findings can only be explaineé« by the
removal of some overlapping compShents with opposite polar-
ity to those remaining. /ESI;ﬁE et al. (1980) found that
the N1-P2 persisted afler frontal lobe lesions indicating
that the frontal lobe is not their source. They found that

"unilateral parietotemporal lesions decreased the amplitude

) | N
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of the response, but the attenuated response was not asym-

metrical, This suggests that although the parietotemporal
cortices influence, the response, they are not its majér
source, Woods etl al, Kenpublished manuscript) reported
that bilaterai lesﬁons of the primary auditory cortek did
not reﬁove the Nl¥§2 response although others have reéorted
def%nite attenuation lof the response ‘after éuch lesions
(Jerger et al. 1969).

JIntracerebral recordings have also produced conflicting
evidence. During intracerebral recordings ‘from the brain of
alert rhesus monkeys, Arezzo et al. (1975) found a reversal
of many auditory evoked potentials below the 1eyel of the
supratemporal plane.. It is difficult to determine whether
any of these components are homologous to the N1-P2 of the
human evoked potential. Furthermore, Arez2o and his col-
leagues also found that some components of the auditory
evoked potential were generated in ‘the frontal cortex.
Celesia et al. (1971) did not find any components in human
intracerebral recordiﬁggfgf the primary auditory cortex ghat
correlated with the N1-p2 components, Goff et al. (1980)
were unable to find any inversion of polarity for . the
auditory N1-P2 components either across the frontal cortex
or across the level of the Sylvian fissure.

Wolpaw and Penry (1975) proposed two overlapping

complexes at the time of the N1-P2 components of the
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auditory evoked response. They suggested that in the
tehporal areas there was a positive-negative complex over-
lappiﬁg the vertex N1-P2 cohponépts. 'The positive (Ta) and
negative (Tb) pedks occurred at latencies of 105-110 ms and
150-160 ms respectively. " They recorded this temporal
potential using a complex subtraction procedure, and found
latency differences between T3 and T4 %hat were related to
the éar of delivery. W6lpaw and Penry proposed that re-
cording of their Ta positivity in previous experiments by
Vaughan and Ri;ter may have been mistaken for a reversal of
the veftex potential. Other researchers have also supportéd
the existence of mulfiple components in the N1 latency range
(Picton et al. 1978¢c; McCallum and Curry, 1980). McCallﬁm
and Curry report two distinct negative peaks in the tempéral
recordings (Nla-75 ms and Nlc-lZQ ms) in the vertex N1 (Nlb)
latency range.i The amplitude and latency of the'temporél
Nlc component were related to the ear of  delivery. In a
recent scalp-distribution study,u Wood and Wolpaw (1982)
provide further evidencg for several overlapping potentials
in the N1-P2 latency range.

Studies of attention have suggested that there may be
other components of the auditory. evoked potehtial at these
latencies., In recent vyears, enhancement of the vertex

potential has been associated with an early stage of atten-

tional processing (Hillyard et al. 1973; Picton and Hilly-
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ard 1974). NHHtHnen and his colleagues (NHHtHnen et al.
1978; NHH#HtHdnen and Michie 1979) have proposed that such
attentional effects may in fact be due té chﬁnges induced in
a distinet but 6verlappiﬁg "processing negativity". Several
of the propertiés-attributed to the auditory vertex response
may thus belong to this slower negative process. ‘
Nasopharyngeal electrodes have been extensively used in
clinical electroencephalography to record from the mesial
surface of the temporal lobe (Mavor and Hellen 1964; deJesus
aﬁd Masland 1970; seé Appendix C for a more preclse de-

scription of their location). They'could therefore provide

a view of the event-related potential quite different from °

that recorded from the scalp. This view from the dark side
of the brain might improve our uhderstanding of the compon-
ent structure of the eventrelated potentials. Smith et al.
(1973) reported that the N1 aﬁd P2 components of the
auditory vertex potential were recorded with opposite
" polarity 'jfom nasopharyngeal electrodes referred to a bal-
anced non-cephalic reference, a finding consistent with
Vaughan and Ritté}'s postulated dipole. On recordings taken
between the ear and the nasopharynx (Peters and .Reilly
1973),Q,however, the only definitely recognizable evoked
potential was a small ear—-negative (or nasopharyngeal
positive) wavgjoccurring about 35 ms later than the N1 peak
at the vertex. ' In our own nasopharyngeal recordings (Per-

rault et al. 1983), the only wave recorded in the latency

w



range of the vertex N1-P2 components was a small positivity
occurring at 130 ms. We conjeétured that this nasopharyng-
eal positivity might represent a reversal of the temporal -
negative peak (Tb) of Wolpaw and Penry (1975). We had not
recorded from temporal electrodes, however, and could not
confirm this hypothesis,

This paper presents data recorded simultaneocusly from
the midline and temporal locations of the scalp and from the
nasopharynx. The terminology' introduced by McCallum and
Curry (1980) will be useéd: °Nla refers to the temporal
negative peak occurring at approximately 75 ms; Nlb refers
to the negative peak recorded Qith maximum amplitude from
the vertex at a latency of about 95 ms; Nlc refers to a
second temporal negative peak at aéproximately 130 ms, that

corresponds roughly to Wolpaw and Penry's Tb component. The

mesogenous components are evaluated 1in relation to inter-

stimulus interval, intensity, frequency, attention and
modality.
METHODS a

Seventeen male and six female subjects ranging in age
from 2f:to 35 years participated in these experiments, All -
subjects reported normal hearing and vision, The results
from two of these subjects were rejected, one because of a

prominent respiratory artifact on the nasopharyngeal re-
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cordings, and the other because of very frequent blinking
artifacts. Each recording session lasted about 2 1/2 hours.
The'subjecés sat in a comfortable chair in an electrically
shielded room and listened to 7-minute trains of auditory

stimuli, mentally counting the "target" stimuli that were

randomly interspersed among the more frequent "standard"

stimuli. All subjects were evaluated in a basic paradigm
and in two or more variants thereof. (Each paradigm was
repeated for at least-two 7-minute periods). At least ten

subjects participated in each variant paradigm, several
subjects returning for more than cne recording session. The
Presentation of conditions within a recording session was

randomized.

.

In the basic paradigm, tones of 55 ms total duration
with 5 ms rise-and-fall times were presented to the right
ear through a TDH-49 earphone. The tones were presented at
an intensity of 90 dB peak SPL and an interstimulus ié%erval
of 1.1 s. Ten percent‘of the tones were ﬁtargets“ with a
frequency of 1000 Hz, and the other 90% were "standarg"
stimuli with a frequency of 2000 Hz. At these fregquencies
and duratiohs the intensity of a 90 dB peak SPL tone was
about 75 4B above normal threshold (nHL).

There were five variants of the basic paradigm. In the

first, the interstimulus interval was increased to 3.3 s.

The target probability was also increased to 30% in order to

£
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maintain the same temporal probability. Ten subjeéts also
pParticipated in an additional study where the ISIs were
0.65 s and 5.0 s. In this study the target probability was

kept at  10% across ISI conditions, and stimuli were de-

livered to the left ear. Results from both ISI manipula-
tions will be presented concurrently. In the second vari-

ant, the intensitz of the stimuli was decreased to 65 dB

peak SPL. ., In the third, the task was made more difficult by

changing the frequency of the standard stimulus to 1050 Hz.

In the fourth, the subject was asked to ignore the ongoing
train of stimuli presented to the left ear at a rate ' of

1/0.65 s, and to concentrate on reading a book or magazine
s

instgad.

I; the fifth variant, stimuli were presented in the
visual modality. The.timing of the stimuli in the visual
'péradigﬁ was equivalen? to .that of the basic auditory.para-
digm., Flashes from one red and one green light-emitting
diode were channeled through the rounded tip of a short
glass rod (15 mm in length; 5 mm in diameter), so that both
types of stimuli came from the same location. The "targets"
had one of the colours (counterbalanced across subjects) and
were presented 10% of the time. The display apparatus was
- located approximately 160 cm from the subject's eyes.

The EEG activity was recorded using Beckman Biopoten-

tial Ag/AgCl electrodes affixed to the scalp at Fz, C(Cz, Pz,

i
—)
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T3 and T4 with adhesive coll%fs and collodion-soaked gauze
(PXcton et al. 1978a). .The electro-oculogram (EOG) was
monitored between the middle of .the supraorbital ridge and
the inferior outer canthus of the left eye; The skin was
punctured wifh a sterile need%e under eacﬁfof the scalp and
EOG electr§des to prevent skin potentiél artifacts‘(Picfon
~and Hillyard 1972). The nasopharyngeal. electrodes obtained
from the Montreal Neurological Institute consisted of a
doubly bent silver-tipped .wire, coated with pl%stic except
at the tip. Thesé electrodes were chlorided following the
methodology“prbposed by Cooper,_'Osselton and Shaw (1974).
All 'electrodes .were reférred to a balanced non-cephalic
reference (Stephenson and Gibbs 1951).
The EEG and EOG signa&s wer&b amplified using Beckman
R61]1 polygraph amplifiers with high frequency filters set at
30 cps and a time constant of 0.8 s. Analog-to-digital
_(AfD) conversion was performed by a PDP MINC-11 computer
over a period of 9001 ms beginning 50 ms prior to eachl
stimulus. One set of A-D values was obtained every 4.5 ms.
Averaging was performed offline from disk-stored single;
trial waveforms. Epochs~containinq EEG or EOG potentials
greater than +100 uV were not included in the averages.
JiThé possibility of artifacté produced by the experim-
ental apparatus being reEordea in the averaged nasopharyng—

eal waveforms was investigated in two subjec@s using three
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conditions.” The first condition was a replication of the
previously described difficult discrimination paradigm. The
second condition investigated the possibility of a transient
magnetic field generated by the earphone and{ picked up by
induction in the nasopharyngeal electrodes. To eliminate
this possibility stiﬁuli were delivered at 90 dB peak SPL to
the subject's right ear through a rubber tube 120 cm in
lengthgfo:slcm inside diameter), fitted at the subject's end
with an hx44 rubbe£ cushion similar to-that of the TDH-49
earphong. The electro¥écoustic transducer was a Dyna
Magnetic Devices D-308 phone fitted tigﬁtly at the other end
of- the tube. This phone was secured on the arm of the
sﬁbje;t's chéir at approximately 80 cm from his right ear
and at a misvimum of 50 cm froﬁ the neag;st nasopharyngeal
lead.” Because of the low pass filter effect of the tube,
stimulus freqﬁencies of 1000 Hz (targets) and 1050 Hz
(standards) -were used. Since the frequencies were close
tbgether, any alteration in the spectral properties of the
stimuli due to tube conduction would equélly affect both
stimuli, The subiects did not report’any difference between
the stimuli delivered through the tube and those delivered
through the TDH-49 earphone.” The possibility of hardwarg or
software artifacts originating in the experimental apparatus
was investigated in a third condition wherein the ruBbeF

tube was clamped and the'subject's auditory meatus plugged
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with wet cotton puffs, The subjects reported hearing no

tones during this session.

Amplitude and latency measurements

The mesogenous components of the evoked response were
identified in the average waveforms of individual subjects
according to the following rules. The Nlb component was
identified at the Cz electrode as the maximum negativity
occurring between 75 and 125 ms. Two d%stinct peaks were
observed in the waveforms from Fhe temporal leads. The
first one (Nla) was identified separately at T3 and T4 as
the maximum negativity in the latency range from 40 to 125
ms. The second peak (Nlc) was also identified separately at
T3 and'T4, as the ﬁaximum negativity between 80 énd 160 ms.
If one of these' components was identifiable as a distinct
peak at only one fémporal electrode , then the peak latency
at this electrode was used to measure the amplitude of the
waveform at the opposite temporal lead. A small ‘positive
peak (PgPl20) was identified in the nasopharyngeal record-
ings within the same iatency range as the Nlb_qomponent.
Its latency was determined at the nasopharyngeal electrode
where it was most clearly seen,' and its amplitude measured
at this latency for both nasopharyngeal waveforms. The P2
component was identified separately at Pz, T3 and T4 as the

maximum positive peak occurring between 150 and 275 ms.
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In the response to 'standard viéual stimuli, an N1
component was also identified at thé midline electrodes as
the maximum negativity between 155 and 210 ms. Wifhin this
latency ra gé a PgP190 component was identified separately
at the nasopharynx. A visual P2 component was identified at
the Cz electrode as the maximum positivity between 175 and
310 ms. These components were preceded by aubl component
identified at the Pz electrode as the maximum positivity
occurring between 130 and 165 ms. A corresponding positiv-
ity was identified at the nasopharynx within the same
latency range (PgP145).

- Waveforms were smoothed twice (using a binomial
smoothing program) prior to plotting and measurement.
Amplitudes were measured at each of the identified latencies

with respect to the average amplitude of the waveform in the
50 ms preceding stimulus onset. We chose baseline-to-peak
rather than peak-to-peak measures, since the latter can
always be‘derived from thé former using appropriate additive
procedures. Experimental effects were ascertainéd by pa-
irwise comparisons using one-way repeated measures analyses
of wvariance. Five +types of comparisons were madé:‘ 1)
comparisons of the amplitude or latency of a given componént
at a given electrode location across two experimental con-
ditions. Such comparisons were always done for the point of

'maximum amplitude on the scalp and at the corresponding
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latency (or component) in the nasopharyngeal waveform. Data
from other electrodes were sbmetimes analysed to check on
the spatial extent of experimental effects; 2) comparisocns
of component latencies across electrodes, within the same

experimental condition (e.g. P3-Cz versus P3-Pg); 3)

comparisons of the T3/T4 ratios for the Nla and Nlc compon-

ents of the temporal recordings, and of the Pgl/pPg2 ratios
for the nasopharyngeal PgPl120 component, across ear * of
delivery. We used ratio limits of 0 and 2. 4) compérisons
of the ieft side (T3) and right side (T4)\ amplitude values
of the Nla, Nlc and P2 components to determine possible
amplitude asymmetries. Same type of coppafison for ‘PgP120
at Pgl versus Pg2. 5) comparison of Fz/Pz ratios for the N1
component in the vhsual_ versus auditory modalities. Dif-
ferences between means ° were considered significant at
p<0.81. The existence of components in particular channels
was checked by evaiuating the 1% confidence limits of the

grand-mean waveform at the latencf of the component. A11

subjects were weighted equally in the grand-mean waveforms.

f



RESULTS .

Basic Auditory Paradigm.

lThe responses of 20 subjects to the standard stimuli in
the basic paradigm are shown in .Figure 1. One subject is
not included ﬁecéuse of dﬁta—retrieva} problems. The N1b
peak had an average latehcy of 94 ms at Cz. It was maximal-
ly recorded over the frontocentral region of the scalp with
an average amplituae of -5.6 uv at Fz, -=5.7 uv at Cz and
-3.3 uvV at pz. The amplitude of the temporal waveforms at
the Cz latency was -1.3 uV at T3 and -1.2 uV at T4. There
was no evidence of any component being present at this
latency in the nasopharyngeal recordings, where the mean
amplitude of the waveform (0.2 uV) did not differ
significgntly from. Zero. Nlb appears to be the only

component consistently noted in the EOG channel.
————— Insert Figure 1 about here -——-—

The P2 component was recorded with maximum amplitude
from the Cz electrode (3.0 uwv) at a latency of 197 ms. It

had an average amplitude of 1.6 wuV at Fz and 2.1 uV’at Pz.

h v



It occurred .at a similarolatency at both temporal deriva-
tions (198 ms). Its amplitude was significantly larger at
the T4 (2.5 uV) than at the T3 electrode (1.8 uV).' No
significant activity was recorded from the nasopharynx at
this laténcy.

A double negativity could be observed in the temporal
recordings. ' The first negative peak (Nlaj occurred with a
mean latency of 74 ms at the temporal leads (72 ms at T3 wvs
75 ms at T4; not éignificant). Its amplitude was generally
greater at T3 (-1.7 uV) than at T4 (-1.0 uv), but this
difference did ﬁot reach significance, At the latency of
the Nla component the amblitude of ' the nasopharyngeal
waveform did not differ significantly_@gom zero. The second
negative peak (Nlc) occurred at mean a latency of 130 ms at
both T3 and T4. Its amplitude was. significantly greater at
T3 (-2.3 uV) than at T4 (-1.6 uV), the stimuli in this
condition being presented to the right ear.

The only discernible component occurring in response to
standard auditory stimuli in -the naéopharyngeal recordings
was a small positivity peaking at 120 ms (PgP120) with aﬁ
average amplitude of 0.7 uv at both Pgl andIPgZ electrodes.
-This latency did not differ significantly from the latency
of the temporal Nlb component, Results from our control
experiment show that this nasopharyngeal positivity was not

caused by an artifact of our experimental or recording
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procedures. Figure . 2 shows that the nasopharyngeal
Positivity could be clearly seen with an average amplitude

of 1.0 uv at 122 ms using either earphone system and was

absent when hearing was prevented.

Interstimulus Interval {ISI)

Twelve subjects were tested at ISIs of 1.1 s and 3.3 S,
with target probabilities of 10% and 30% respective%y. Ten
subjects were £ested at ISIs.of_O.GS s and 5.0 s, the target
probability being held constant at 10%. The grand-mean
waveforms for the l.ls and 3.3s ISI conditions are super-—
imposed in Figure 3. There were no significant chénges in
the latency of the N1 component, . c&ts amplitude at Cz in-
creased significantly with increasing interstimulus interval
from -5.9 to -9.9 uV. The nasopharyngeal waveforms in £he
long 1SI condition.still did not differ significantly from
baseline at the latency Of, the Nlb component. Grand-mean
waveforms for the 0.65 s and the 5.0 s ISI conditions are
presented in Figure 4. fThe amplitude of the N1 component ét'
Cz again increased significantly from -3.4 uV at 0.65 s ISI
to -10.0 uv at. 5.0 s 1ISI. Its latency increased slightly
from 104 to 117 ms, but this difference did not reach

significance. An examination of Nlb amplitude over the 5
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subjects commph to all “four ISI conditions showed average
values at the Cz electrode of -3.5, =-5.3, -10.0 and -10.8 uv

at ISIs of 0.65, 1.1, 3.3 and 5.0 s.

————— Insert Figures 3 and 4 about here-———-—

The P2 component sﬁowed no significant latency differ-
ences with. increasing iSI from 1.1 s *to 3.3 s. Its
amplitude increased signi?}cantly from 2.8 to 6.5 uv at Cz.
This effect was also significant at. Pz, but not at Fz, T3
and T4. The corrésponding nasopharyngéal values did not
differ significantly from zero. The larger 1ISI variation
(0.65 s versus 5.0 s) caused a significant increase in P2
létency.from 183 to 214 ms. The amplitude of this component
also increased significantly from 1.2 uV to 9.0 uV at Cz.
The average P2 amplitudes over the five subjects that were
run'under all four ISI conditioﬁs were 1.2, 2.2, 6.3 and 8.5
uv.

The latency of the Nla component was unaffected by
"~ either ISI or electrode location._ Its acplitude increased
significantly from -1.7 to -2.6 uv at T3 and from -1.3 to
;é.6 uv at T4 when the ISI was increased from 1,1 s to 3.3 s
(right ear)}. The amplitude of this component ihcfeased from
-1.3 to -2.3 uv at T3 and decreased f;om —lll to -0.7 uv at

T4 in the larger 1ISI variation {left ear), but these dif-
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ferences did not reach significance. The Nlc component
(average of T3 and T4) increased significantly when the ISI
was increased from 1.1 s (-2.0 uV)' to 3.3 s (-3.4 uv). A
significant difference was also found when comparing ISIs of
.0.65 s {(~-1.9 uv) 'and 5.0 s {=3.1 uv), Average amplitude
values for the five sugjects that participated 1in all four
ISTI conditions were -1.9 uV at 0.65'5, -2.0 uV at 1.1 s,
-2.6 uv at 3.3 s, and -3.7 uvV at 5.0 s. The latency of the
Nlc showed no significant change (135, 128, 129, and 137 ms
with increasing I1SI). The ear of delivery effects will be
covered later. _

The PgPl20 component increased from 0.6 to 1.1 uV
{average of Pgl and Pg2) when the ISI was increased from 1.1
to 3.3 s, but this difference did not reach significance;
The larger ISI manipulation from 0.65 s to 5.0 s caused a
significant increase in the amplitude of this component,
from 0.7 to 1.6 uV. The latency showed no significant

variation with ISI (121, 120, 136 and 140 ms).

Stimulus Intensity

No significant effects of stimulus intensity were found

in the responses to standard stimuli. For target stimuli,
the Nlb component at’ the C(Cz electrode increased
significantly from -4.9 to =7.2 uv Qith increasing intens-

ity. The amplitude of the nasopharyngeal waveform at this
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latency was not significantly different from zero at either
intensity. - The Nlc component increased significantly from
2.6 to -2.0 WV at T3 and from ~1.8 to 3.2 uV at T4 with
increasing intensity, The PgPl1l20 component was not
significantly affected (0.9 wvs 1.1 uv). The P2 component
showed a significant decrease in amplitudé with increasing
intensity (1.8 vs 0.8 uv), an effect probably due to changes
in overlapping endogenous components. The grand-mean
waveforms fotr target stimuli under both intensity cénditions
are presented in Figure 5 of the second paper (Perrault and
Picton, 1983).

Stimulus Frequency

When the frequency of the standard stimuli was lowered
from 2000 Hz to 1050 Hz in order to make target discrimina-
tion more difficult there were no significant changes the
amplitude or latency of any of the measurei/ components of
the evoked potential to the standard stimulif

The target stimuli were presented at a frequency of
1000 Hz in both the easy and: the difficult discrimination
tasks. No effect was found on Nlb latency but its amplitude
at Cz decreéisf_iignificantly from =-9.2 to ~6.3 uV with
increasing discrimination difficulty. This effect was
significant at all midliné' electrodes, No significant

effects were found at the nasopharynx at this latency. The
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P2 and Nla componeﬁts were not.significantly affected by
discrimination difficulty.. The Nlc component, however;
decreased significantly from -4.8 to —-2.8 uV with increasing
difficulty (average of T3 ang T4). There were no signific-
aﬁt effects on the nasopha:yngeai PgPl20 component (1.1 vs
1.3 uv). The grand-mean waveforms Vfor target stimuli are

presented in Figure 6 of the second paper (Perrault and

Picton, 1983).

Effects of Attention

The grand-mean waveforms for the Attend and Ignore
conditions are shown in Figuré 5.° The onlx component af-
fected by our attention manipulation Iin_ the response to
standard stimuli was the temporal Nlc component whose
amplitude diminished from -2.3 to -1.5 uvrét T4 when the
stimuli were ignored. ~ The effeét was not quitée significant
(0;01<p<0.05). This small effect, however, is ;eplicated in
the response to the second stimulus that occurs 0.65 s after.
the first stimulus in the recordings plotted in Figure 5.
In the response to target stimuli, the Nlc component
diminished significantly (p<0.01) from -4.8 to -3.2 uv at
the T4 electrode. There were no significant effects of.
attention on the PgPlZO component recorded from the
nasopharyngeal electrodes (Attend—Igﬁbre:. standards 0.7 -

0.4 uv, targets 0.5 - 0.9 uv; averages of Pgl and Pg2). The-
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grand-mean waveforms for targets are presented in Figure 9

of the second paper (Perrault and Picton, 1983).

We attempted to isolate the processing negativity by
subtrécting the responses to stimuli in the Ignore condition
from those in the Attend condition.: No obvious processing
negativity could be seen in the difference waveforms outside

the latency range and scalp-distribution of the temporal Nlc

component.

Ear of Delivery

BEar of delivery effects on the temporal and
nasopharyngeal  components were assessed in a group of ten
subjects who underwent both left and right ear stimulation.
" Interstimllus intervals were 0.65 s for the left ear and 1.1
s for the right ear. Left and right ear recording sessions
did not occur on -the same day. In order to compensate for
the ISI effects, only T3/T4 and Pgl/?gz ratios were evalu-
ated. The Nla component of the temporal complex was un-
affected by ear of delivery. The averadge T3/T4 ratios for
ten subjects run under both conditions are 1.1 for the left
ear, and 0.8 for the right eaf, not a significant differ-

ence, The Nlc component was significantly greater on the
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side contralateral to stimulation. The average T3/T4 ratios
ére 0.7 for the left ear and 1.5 for the right ear, the
difference being Significant. The Pgl/Pg2 ratios for the
PgPl20 componentvdid not differ across ear conditions (left
ear: 0.8; right ear: 0.7). There were no significant lat-
ency effects. Similar.‘results,were found at ISIs of 3.3 s
(right ear) and 5.0 s (left ear}, over fivg subjects run un-

der both conditions.

Responses to Visual Stimuli

The average individual waveforms for this experimental
manipulaﬁion are presented ' in Figure 6. The grand-mean
waveforms for both standérd and target stimuli can be seen
in Figure 11 of the second paper (Perrault and Picton
;983). The first peak noted in the response to standard
stimuli was a small positivity recorded maximally at Pz with
an average latency of 145 ms and a mean amplitude of 1.6 qu
The amplitude of this component (P145) was 0.9 uV at Cz ané
0.7 uv at Fz. It was also seeﬁ in the recordings from the
temporal leads where its mean amplitude was 0.5 uv, and in
the nasopharyngeal recordings where it averaged 0.4 uvV {(no
reversal). Although this was not significantly different
from baseline, it was quite distinct and was significant in

the target responses (Perrault and Picton 1983)..
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A visual N1 peék was recorded with maximum amplitude at
fz (-1.0 uv) ‘where it occurred at a latency of 186 mé (N190
or visual N1). A£ other scalp locations it was éither
positive (1.2 uV at Fz) or at baseline level, aifhough its
morphology was still that of a negative-going peak. At
approximately the same latency (190 ms) ' a significant
positivity could be seen at the nasopharynx (PgPl90}), with
an average amplitude of 1.7 uV. In the résponse to’t;¥ge£
stimuli, the Ni component was recorded at a latency.of 185
ms (Pz). It was positive at all recording locations,
averaging 2.2 uv at Fz, 2.0 uv at Cz, 0.6 ;V at-fz and l.b
uv at T3 and T4. At a slightly later latenéy‘(197 ms) a
significant éositive' peak was again observed at  the
nas;pharynx, with "an “avefége amplitude of 2,3 uv. A
comparison of Fz/Ez ratios for auditory (1.7) ané visu;l
(=1.2) N1 amplitudes indicated a significantly more post-
erior distribution for the ;isual N1 component.

The major component of the ;isual evoked response to
standard gtimuli was maximally recorded from Cz..as a posi-
tive peak reaching 5.5 uv in amplitude)at a lateﬂcy of 237
ms (visual P2 peak). It was equally = distributed over the
frontal and parietal regions (4.3 uv) and reached its lowest

scalp amplitude at the temporal leads (2.2 uV ‘at both T3 and
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T4). The average amplitude of the nasopharyngeal waveform
at this latency did not depart signifiéantly from baseline
(mean of 0,3 uv). 1In the re§¥onse to target stimuli, the P2
component occurred at a latency of 230 ms (Cz). Its scalp~
distribution was also frontocentral, ﬁith values of 8.0 uv’
at Fz, 8.1 uv at Cz, 6.4 uv at Pz .and 3;7 uv at the temporal
aerivationé. The émplitude of the nasopharyngeal waveforms -
at this latency averaged 1.7 uV, but this is probably due to

overlapping endogenous components.
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DISCUSSION .

These results replicaté and extend our previous find-
ings (Perrault et al. 1983). We confirm the absence of any
nasopharyngeal concomitants of the N1. and P2 componenﬁs and
demonstrate the existence of a nasopharyngeal positivity at
approximately 120 ms. Our various experimental manipula-
tions indicate that there are multiple overlapping compon-
ents in the mesogenous scalp-recorded waveform. These will

be discussed in the following paragraphs.

The Vertex N1lb Component

Our experimental manipulations caused no significant
changes in the latency of this frontocentral component.,
Its amplitude increased significantly with 'increasing inter-
stimulus interval. The recovery function 6£ this component
seems to taper off somewhere betﬁeen 3.3s and 5.0 s. The
significant amplitude difference for_ target responses
between easy and difficult discrimination conditions is
iﬁdicative of a frequency-specific recovery function and
agfees well with the results previously reported by Butler
(1968, 1972) and by Picton et al. (1878a). The absence of
an intensity effec£ on the amplitude of the N1 component to
the standard stimuli seems due to a saturation effect occur—

ring at moderate to high intensities at rapid rates of
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stimulus presentation (Moore and Rose 1969; Picton et al.
1979). The Nlb to the less frequently occurring targets was
igcreased by increasing intensity. Chanding the frequency
of the standard stimulus had no effect on t?e amplitude of
the N1 component. Given the frequencies that were used
(2000 Hz and 1050 Hz), ‘this finding also agrees with the.
results previously reported by Picton et al. (1978b), who
found 1little if any effect of stimulus frequency on the
N1-P2 components at freguencies less than 2000 Hz. Contrary
to what has ‘been previously reported (Picton and Hillyard,
1974), we found no effect‘oﬁ attention of the amplitude of.
the vertex Nlb component. The task did not, however, require
selective attention within the auditory modality (Hillyard
et al. 1973) and attention to a relatively simple single?
channel auditory task may or may not result in an enhanced
Nl component depending on the difficulty of the task.

In spite of ' the high stimulus intensities and long
interstimulus intervals used in our experiments, we found no
evidence of N1 reversal at the nasopharynx. Smith et al.
(1973) have previously reported a reversal of the vertex
auditory N1 at the nasopharynx. In their Figure 2, however,
the nasopharyngeal positivity oécurs at about 120 ms,
whereas their vertex N1 peaks at approximately 102 ms.
Théir nasopharyngeal pdsitivity‘thus probably corresponds to

our P§P120 component. 1In our recordings, the nasopharyngeal



45
L

waveform at the latency of Nlb stayed:Jat, baseline level
thtquh'all our manipulagions. Nasopharyngeal electrodes
appear very well located to record from the lower end of a
Sylvién dipole (Vaughan, 1974; Vvaughan and Ritter, 1970;
Vaughan et al. 1980}, or of a dipole iocated in the frontal
cortex (Picton et al. 1974; Kooi et al. 1971; Streletz et
al, 1977). Our results. thus seem to indicate that the
generator of the N1 cbmponent is not located in these areas.
It is -very‘difficu " to postulate a vertical dipole that
shows no positivity at either the nasopharyngeal of
midtgmporql electrodes, It 1is possible that such a
positivity may be overlapped at the nasopharyngeal electrode
by 1a simultaneous negativity (perhaps - the underside of a
laterally oriented Ta dipole ~ see nex£ paragraph). This is
unlikely since oné would héve to postulate that both.over-
lapping components are affected in exactly the same way by
all our manipulations, _

Wolpaﬁ and Penry (1975) have previously reported a "Ta"
positivity.at the temporal leads in ﬁon—cephalic recordings.
Wood and Wolpaw (1982) have also reported such a temporal
positivity (TP78) which appeared to coincide approximately
with the vertex N1 (FN88). Such results are c?nsiQEEEE/bith
a vertical dipole 1in the superior temporal plane, although
the vertex negativity and the temporal positivity could also

be related to separate generators. The latter explanation
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is more likely since most subjects (Figure 1) do not have an
actual positive voltage at the temporal regians but jusE a
positive deflection. The existence of a Qertically oriented
current source in the superiog\\}emporal plane at the ap-
pfdximate latency of the Nlb seems probable from the recent
researqh-on' auditory evoked -magnetic fields (Bak et al.
1981; Hari et al.” 1980; Reite et al. 1982; Ziﬁmérman et al.
1982). As pointed out by Wood and Wolpaw, however, latency
and morphology differences between vertex and temporal
waveforms as well as the fact that the TP78 component is
only a relative positivity in several subjects, indicate
khat another current source might create overlapping éoten—
tials during this time period. |
Besides thé superior surfacé of the temporal 1lobe,
severai structures have been postulated as possible genera-
tors bE‘ the Nlb component, The findings of Knight et al.
(1980) raise the possibility that the parieto-temporal
cortex 1is .involved, but this does not easily explain the
scalp~-distribution of ,the Nlb. The possibility of a cal-
losal generator seems unlikely, 1in view of thé results of
‘Gazzaniga and Hillyard (1973) showing that the Nlb compohent
of the auditory évoked response can still be clearly seen in
' split-brain patients. The hippocampus can also probably be
ruled out on the basis of recent intracerebral recordings in

humans showing no definite activity in the Nlb latency range
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(BHalgren et al. 1980; Wood, et al. 1980, 1983). In the
éomatosensory modality, ge;er ors for the N1 component have
been suggested to lie in Eiiigm{g structures‘(Velasco et al.
1980) or in the anterior part of the cinguiate gyrus
(Chatrian et al. 1975). There are also indicétions that
the centromedian nucleus of the thalamus might be involvegﬁ
in the generation of the Nlb component. Ervin and Mark
(1964) have recorded activity in the centromedian nucleus
following stimulation in the somatosensory, visual and
auditory modalities. This activity reached a peak amplitude
at about 110 ms. Furthermore, it was markedly reduced when
the subjects were distracted from the eliciting stimuli by
having them perform a mental task. The hypothesis of a
thalamic generator seemé consistent with our findings. Such
Aa genérator, if oriented vertically with a frontal tilt,
\Wight not be picked up at the nasopharyngeal recording
sites. |

\a

The temporal ﬁg; component

The temporal Nla component covaries with the vertex N1
Lo

in all our manipulations. e were unable to replicate the

Nla asymmetry (greater over the dominant’™ hemisphere) re-
ported by McCallum and Curry 11980). They do not, however,
mention the significance of this asymmetry. An examination

of our grand-mean waveforms seems to indicate an identical
\
!
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onset time for the temporal Nla and the vertex N1 compon-
ents. It is thus possible that ~both peaks represent a
single process. As with the vertex N1, the Nla component is
not seen in the nasopharyngeal recordings, thus strengthen-
ing_Epis hypothesis., This proposition, however, entails the
exfsﬁénce of a temporal *positivity giving the temporal
waveform its. two 2 distinct negative peaks. Such a
positivity (Ta) has indeed been propoéed by Wolpawhand Penry
(1975) and measured following a Temporal-Vertex subtraction
proéedure to remove the N1 overlap at the temporal sites.
Wood and Wolpaw {1982} have alsoc recorded a temporal
positivityuat 78 ms (TP78) for which they suggest an origin

in the lateral surface of the temporal lobe.

The temporal Nlc component

The temporal Nlc component appears to represent g
distinct component of tﬁe auditory evoked potential. It is
recorded with maximum amplitude over the temporal area
contralateral to the eaf of stimulation, a finding already
reported by Wolpaw and Penry (1975) for their Tb component,
and by McCallupm and Curry (1980) for their Nlc component. .A
temporal negativity at 115 ms (TN115) was also reported by
Wood and Wolpaw (1982). It was recorded with maximum
amplitude between the C4 and T4 llocations. The scalp

topography of this component was consistent with a source in
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the lateral temporal surface. | N

The Nlc cémponent increases in amplitude with atten-
tion, especially on the side contralateral to stimulation.
This might relate to Michie's finding (1983) ®f lateralized
attention effects (at a somewhat later latency) in the
lsomatosensory modality. This was interpretgd as suggesting
a lateralized processing negativity. The guestion thus
azzées7whether the temporal Nlc and the processing negativ-
ity represent the same process. A broad processing ne-
gativity overlapped by Wolpaw and Penry's Ta positivity and
by thellater P2 component could appear as a discrete nega-
tive peak. Inasmuch as the nasopharyngeal positivity to be
discussed next represents a reversal of the Nic component,
however, this explanation cannot be sustained sinéé the
nasopharyngeal positiyity also appears as a discrete posi-
tive peak in spite of‘the absence of any P2 component at the
nasopharynx. The Nlc component might be distinct from both
Nl and the processing negativity, .being related to auditory
processing and to the ear of ‘delivery, but unaffected by
attention. Attention may result in a lateralized processing
negativity that overlaés the scalp~recorded Nlc but does not

alter its PgP120 concomitant,

The nasopharyngeal positivity (PgP120)

The PgPl20 component appears as a distinct component of

el
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the evoked waveform. Our control studies demonstrate that
it is not an artifact of our experimental or recording
apparatus. The possibility of muscle artifacts contributing
SO consistently to the waveform at this latengy is unlikely.
The PgPl20 to corresponds in latency with the temporal Nlc
component. = The temporal Nlc and the nasopharyngeal

positivity are similarly affected by interstimulus interval,

- intensity and frequency in the response to standard stimuli.

In the Ignore condition, however, the Nlc decreases (p<.05)
whereas a non-significant reverse trend is found for the
PgP120 component, The possible overlap of a Processing
negativity as discussed in the previous paragraph might
explain this differeqce. The responses to target stimuli
show some further dissociation between the Nlc and PgP120 in
the intensity, discrimination difficulty, and attention
conditions. In these conditions the Nle increases with
intensity, difficulty,‘ and attention whereas the PgPl20 is
unchanged. These effects may.also be due to an overlapping
of the processing negativity at the scalp. It is therefore
possible that both peaks (Nlc and PgP120) are produced by
recording from the opposite sides of a common dipole
generator. The lack of asymmetry found for the PgP120 could
be explained by the proximity of the right and left record-
ing sites in the nasopharynx. A dipole generator on the

lateral surface of the temporal lobe (Wolpaw and Penry 1975;
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Wood and Wolpaw 1982) would be consistent with these re-

sults,

The Vertex P2 component

The P2 component increases significantly with increas-
ing ISI. This gohponent has previcdusly been dissociated from
the N1 on the basis of a longer recovery cycle (Roth et al.
1976). Although such a trend is indicated in our data, the
difference in amplitude between the 3.3 s and the 5.0 s ISI
coqditions did not reach significance, presumably because of
the small number of subjects available for this analysis.
The scalp-distribution of the Pp? component is more concent-—
rated on the vertex than that of the Nlb compoﬂent (cf.
Picton et al:" 1974). A large amount of overlap with the N2
component in the response to target stimuli prevents an
accurate evaluation of the frequency specificity of the P2
component. Such an overlap probably also explains the
decrease in amplitude with increasing intensity, a result at
variance with what has previously been reported (Picton et
al. 1978b). 'As with the N1 peak, P2 dpes not show up in the
nasopharyngeal waveforms. It is therefore also unlikely to
be generated’in & Sylvian or frontal dipole, Our results
are seemingly at variance with those of Smith et al. (1973)
who reported a' reversal of the vertex P2 component at the

nasopharynx. In thelir Figure 2, however, the peak latency

7
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~of the nasoﬁhafyngeal negativitj is abodt 235 ms, some 40 ms
later than their vertex P2 component. It seems therefore
possible that the nasopharyngeal negativity reported by
these authors corresponds to an endogenous component such as
the P3a of Squires et al. (1975). The asymmetry found at
the tem;;ra; leads in the b%éic aﬁditory paradiém seems best -

explained in terms of overlap with the preceding Nlb

component.

Visual responses

Three distinct components were identified in the re-
cordings- fo;lowing visual stimuli. These results are
similar to those of Smith et al. (1973) although our
latencies are longer, probably because our stimuli were less
intense. Owing to the lack of experimental manipdlations in
the visual modality, our inferences concerning the relation-
ships .between scalp and nasopharyngeal recordings are based
on latency only and must be considered cautiously. Our
interpretation is further hampered by the absence of any
occipital recordings. The.study was mainly concerned with
comparisons between the auditory and visual modalities

rather than with the component-structure of the visual
\

evoked potential.
The P145 ”component was seen at both scalp and

nasopharynx (PgPl45). Since no reversal is seen in the
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nasopharyngeal waveform, we must assume that both scalp and
nasopharyngeal electrodes are locétéd on the same side of
the hypothetical generator. Both an occipital and a sub-
cortical generator ‘(located below the level _of the Pg
glectrodes) éould genérate a field producing such results.

The visual N1 component reached a scalp maximum at Pz,
our most posterior recording site. Its latency corresponds
fairly well with those reported previously by Simson and
colleagues (Simson et al. 1976, 1977). A reversed peak of
greater amplitude was identified at a similar latency in the
nasopharyngeal recordings. Several cortical and subcortical
generators might lead to similar recordings, most probably a
- dipole 1located in the parieto-occipital areas of cortex.
Thé lack of a nasopharyngeal N1 component in the auditory as
compared to the visual modality proyides further evidence of
the difference between visual and auditory Nls. The absence
of a clear vertex N1 following visual stimuli in this study
is different from the findings previously reported by Goff
et al. (1969). Presumably, this is due to the different
stimulus parameters uséd in each experiment, In a more
recent paper, Goff et al. (1979) found the visual vertex N1
to appear only under certain conditions.

The P2 component of the visual evoked response has much
in common with its auditory counterpart, although it has a

longer latency. Simson and colleagues reported latencies
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for this component of 235 ms (1976) and 245 ms (1977). This
agrees well with our peak latency of 235 ms. The scalp-
distribution of- fhe visual and auditory P2s are similar,
with slight differences that could be attributed to a larger
overlapping vertex N1 in the auditory modality;
Furthermore, neither the visual nor the auditory P2 are-seen
at the nasopharynx. Other studies, however, have reported
quite distinct scalp topographies _ for ‘the visual énd
audifory P2 components (Simson et alj 1977; Peronnet et al,

1975).
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" SUMMARY

Mesogenous event-related- potentials were recorded from
the scalp and nasophar&nx during a signal-detection task.
Evoked responses were evaluated with respect to the effects

of inter-stimulus interval, intensity, frequency, attention

and modality. Our results indicate the existence of at:

.least 4 distinct processes occurring in the 75-150 ms

latency range following auditory stimuli. The first process

is indexed in the vertex-Nlb/temporal-Nla component. This
. " .

component does not reverse in polarity below the Sylvian

fissure and is not seen in nasopharyngeal recordings. »The
location of its generator in not known. Probably there are
two or more sources active at this latency. The second

process finds reflection in the Nlc/PgPl20 component. This

component is 'recorded with maximum amplitude on the side
cont;alateral to the ear of delivery. A source in phe
lateral surface of the temboral lobe is a likely generator.
The third process corresponds to Wolpaw and Penry (1975)'s
Ta positivity. How much of this représents the underside of

a vertically oriented dipole and how much a surface

\

- positivity is unknown, Finally, during attention, a

lateralized processing negativity seems to overlap these

components at the scalp, but not at the nasopharynx.  The
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auditory vertex Ni component is quite distinct from the
- visual N1 which sis more posteriorly recorded on the scalp
and which 1is associated with a definite nasopharyngeal
positive wave, _ The P2 component is éuite.similar across
auditory and visual modalities. 1In béth modalities it is.
maximally recorded from the vertex and has no nasopharynqeal

concomitant.
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RESUME

Potentiels évoqués enregistrés A& partir du scalp et du

nasopharynx chez l'hdmme., I. Composantes mésogénes.

Les potentiels .évoqués mésogines ont &te enregistrés &
partir du scalp et du nasopharynx lors d'une tache e de-
tection: de signaux. Les réponsgs obtenues furent évaluédes
guant aux effets de. l'intervalle inter-stimulus, de
l'intensité des stimuli, de leur fréquence, de l'attention
des sujets et de ia modalité sensorielle utilisde. Nos
résultats indiquent l'existence d'au moins quatre processus
distincts durant la périocde de 75 A 150 ms suivant les
stimuli auditifs. Le premier processus se réfléte dans les
Pics Nlb du vertex et Nla de la région temporale. Cette
composante ne change pas de polarité sous le niveau de la
fissure Sylvienne et n'apparait pas dans les traces du
nasopharynx. La source génératrice de cette composante est
inconnue, Il est probable que deuxq ou plus;eurs sources
soient actives 3 cette latence. Le deuxiéme processus se
réfléte dans le Nle temporal et dans le PgP120 du
hasopharynx. Cetté composante est'enregistrée avec une
amplitude maximale sur le coté contralatéral 3 l'oreille

stimulée et pourrait Provenir d'une source située dans.la



face latérale du_ lobe temporal. Le troisidme processus

correspond a l'onde positive Ta de Wolpaw et Penry (1975).
On ne sait pas si cette composante réprésente le dessous
d'un dip8le temporal vertical ou uné positiﬁité de surface.
Finalement, pendant l'attention, une ondege’gative {pro-
cessing negativity) latéralisée semble se superposer .aux
précédentes composantes sur le. scalp, mais pas dans le
nasopharynx. La composante auditive N1 du vertex ' se dis-
tingue facilement du N1 visuel que l'on enregistre plus
postérieurement et qui s'associe A une positivité
nasopharyngéale bien définie. La composante P2 est sembla-
ble dans les modalités-auditive et visuelle, atteigﬁant un&
amplitude maiimqle au vertex sans Qu‘il y ait de concomi-

tant nasopharyng&al.

[
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‘Figure 1, Superimposed individual waveforms to standard
stimuli from 20 subjects run'in the basic auditory'éafa—
digm. (90% standards - 90 dB peak SPL - 1.1 s ISI - right
ear). - Each tracing is the average of between 508 and 900
respoﬁses.- All recordings _yere taken wusing a non-
rcephalic reference and negitivity ralative éo this refer-
enée is indicated by an upward deflection of the tracing.

Figure 2, ﬁesults from one subject run in the control exp-
eriment. Superimposed waveforms l(standard‘stimﬁli) are
replications from 2 distinct sessions. The first column
shows the appearance of the PgP120 component when using
the TDH-49 headphones. The second column:-shows éimilar
results when using a rubber tube in conjunction with a
D-308 earphone, thus eliminating the possibility of ind-
uctive pickup. The third column shows results when ‘the

subject's ears were plugged, thus confirming the physiol-

ogical nature of the PgP120 component.



Figure 3. ~Grand-mean waveforms to standard stimuli from 12

subjects run at ISIs of 1.1 s (solid line)} and 3.3 s

. A
(dotted line). There 1is no component noted in the naso-

pharyngeal waveforms at the latency of the N1b (xxx ms),

although there is a nasopharyngeal positive wave at 120

ms. The Nlc is clearly larger at T3 than at T4, the

stimuli being presented to the right ear.

Figure 4.. Grand-mean Vavéforms to standard stimuli from 10
subjects ‘fhn at ISIs of 0.65 s (solid line) and 5.0 s
{(dotted line). Noté that because of the short ISI there
is an additional evokeé\botential toward the end of the
waveform_in the 0.65 s conditibn. The Nlc¢ is clearly
larger at T3 than at T4, the stimuli being presented to

theileft-éar in both tﬁééé‘cdnditions.

N -
s

"Figure 5. Grand—mean waveforms to standard stimuli from 10
subjects run under Attend (solid line) and Ignore (dotted
line) ’condltlons. Stlmull were presented to the left

. ear at an ISI of 0.65 s, and thus show two responses over

the plotted epoch (900 ms). Note the replication of the

Iy

attention effect on theaﬁgg?9r;l NI\ component at the T4

electrode.

N

Figuf%,s. Superimposed individiual waveforms

visual stan-
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dard stimuli from 10 subjects. Each trace is the average

, of between 651 and 1124 responses,
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The evoked potential to a detected improbable signal
contains a series of ;ate components, the most prominent of
which are N2, P3 and thé Slow Wave (Sutton et. al. 1965;
Ritter and Vaughan—1969; Roth 1973; Picton and Hillyard
1974; Squires et al. 1975; Rorhbaugh et al. 1978; Ritter
et al. 1979). The N2 component appears to. Be
modality-specific (Simson et al. 1977) and has been associ-
ated with sensory discrimination (Ritter et al. 1979) and
mismatch detection (NAZAt3nen 1981). The P3 component varies
in amplitude as a function of stimﬁlus probability (Duncan-
Johnson and Donchin 1977; Campbell et al. 1979). Picton
and Stuss (1980) distinguished between sequential probabil-
ity (probability of a particular stimulus occurring within a
number of stimuli) and temporal probability (the probability
of a particular stimulus occurring within a period of time).
Fitzger%}d and Picton (1981) have proposed that the
amplitude of the P3 component might be more related to the
. temporal than the sequential  probability of the eliciting
targets. Increasing the difficulty of detecting the targets
increases the latency of both the N2 and P3 components of
the evoked response and reduces the amplitude of the P3
(Ford et al. 1976; Fitzgerald and Picton 1983). The slow-
wave (Squires et al. 1975; Rorhbaugh et al. 1978, 1979) is

usually negative oﬁer'the frontal scalp and becomes positive

S /

7
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over parietal regions. Like P3 it is recorded only after
detected targéts and it varies in amplitude with the pro-
bability of the target. The N2, P3 and Slow Wave can alsos
{be recorded to the absence of a stimulus, if this absence is
important to the task (Klinke et al. 1968; Weinberg- et al.
1970; Picton and Hillyard 1974; Simson et al. 197@; Renault
and Lesevre 1978, 1979). These compénénts ;re more related
to the méaning attributed to a stimulus than to the physical
characteristics of the stimulus, and Ahave therefore been
considered "endogenous" (Sutton 1969; Donchin et al. 1978).
The cerebral origins of the endogenous event-related
potentials that afe recorded from the scalp are not known.

'Human intracerebral recordings {Halgren et al. l&ﬁﬁr Wood

L
)

et al. 1980, 1983) have indicated that deep teméoral lobe
strgétures are guite active during the scalp-recorded endo-
genous potentials. These limbic regions have been
traditionally associated with memory and emotion. Several
current hypo;heses about the nature of the P3 component also
involve such mnemonic and affective fﬁnctions as the updat—
"ing of context (Donchin 1979), or incentive (Hbmberg et
al. 1980).- Furthermore, the hippocampus has been associ-
ated with dishabituation and memory-mismatch processes
(Vinogradova 1970), 'af has the N2 component qﬁ the evokedu

peténtial (N&At&%nen 1981). \

‘Until recently, the endogenous event-related potentials
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in normal subjects have only been evaluated with scalp
electrodes. Récordings from the nasopharynx ‘can proQide a
different viewpoint and might therefore increase our under-
standing of both the component-structure of the endogenous
event-related potentials and the role of limbic structures
in humén cognition. 1In preliminarxry studies {Perrault et al.h
1983) we recorded nasopharyngeal components at similar
latencies but with opposite polarity to the scalp-recorééa
N2 and P3 waves. We could not, however, determine whether
the séalp and nasopharyngeal waveforms reflected the same or
different components. This paper describes Ffurther ex—
perimental gtudies of the relations between scalp and
nasopharyngeal endogenous components. Donchin (1978, p.353)
has proposed a definition wheréby "a Egmponent is a set of
potential changes that can. be shown to be functionally
related to an experimental variable or to a cbmbingtion of
expe%imental variables." Our geﬁeral approach was thegefore
to 'chénge the scalp-recorded compénents using accepted
%xﬁerimental manipulations, and to determine if the

simultaneously occurring nasopharyngeal components were.

Similarly orydifferently affected by these manipulations.

METHODS

The methodology of most,of the experiments has al%eady

been described in the preceding paper (Perrault and Pictonf
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1983). Twenty-three subjects participated in a basic para-
digm where tones of 55 ms duiétion, with an intensity of 90
dB peak SPL were presented to the subjects fight**eaxh_gf;_f
rate of 1/1.1 s. The results from two of the subjects were
rejected because of artifacts. Ten éercent of the stimuli
were 1000 Hz "targets™ and the remaining 90% .were 2000 Hz
"standards;. The subjects were asked to keep a mentgl count
of * the number of targets, Several variants of this basic-
paradigm were ‘used to investigate different aspects of
event-related potentials. A minimum or ten subjects were
used for any experiment,

The effects of'temporal and sequential probability were
studied in three experiments, The first experihent in-
vestigated the well known effect of probability on the
amplitude of the endoggnous components, Targets were pre-
sented at a probability of either 10% or 30% in a train of
stimuli occurring every 1.1 s. In this experiment, both the
temporal and the sequentiél probability of the térgéts Qére,
changed. 1In the second experiment, the -temporal probability
of the targets " was kept constant whilé the sequéntial pro-
bability was varied. Targéts were presented at probabili-~
ties of.lO% and 30% in trains where stimuli>occurred every
l.l:s and 3.3 é—respectively. In both manipulations, the

'ééfget stimuli occurred évery 10 s, on average. 1In a third
experiment, the ‘'sequential probability of the targets was

- 'T‘
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kept constant, while their temporal probability varied.
Targehs were pfesented at a sequential probability of 10%,
in trains where the stimuli occurred‘either every 0.65 s or
every 3.0 s. The temporal‘probability of the targets was
1/6.5 s 14\;the'first instance, and 1/50 s in the second
case. .

" There were two major variants of the basic paradigm. .
The effects_of intensity were studied by cohparing the
responées to stimuli presentediat either 90dB peak SPqur 65

dB peak SPL. The effects of discrimination difficulty were

investigated by comparing the responses to targets of 1000
Hz occurring among standard ~.stimuli of either 2000 Hz or

1050 Hz.

Missing stimulus potentials@were studied in two sepa-

rate omission paradigms. In the first one, missing targets

were presented at a sequential probabilitynéf 10% in a tfain
of.2000 Hz standards presented to the right ear at the'rate
of 1/1.1 s. In the second paradigm, missing targets occurred
at a seéuential probability of 10% in a train of standérdé
presented to the left ear aﬁ the rate of 1/0,55 S. By
shortening the ISI, we hoped to achieve better fime—ldcking
of the missing stimulus potentials. d.
The effects of attention were assessed .by 1comparing
. ) 3

. | ) . _
responses ebtained in a condition where the subjects were

actively engaged in a signal-detegtion’ task to those obta-



e~

‘ined when the subjects were reading ‘a book or magazine and
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-

ignoring the~incomin§ stimul;. - In this‘manipulatiom target
stimuli (2000 Hz)\ were presented 10% of the time in a train
of standard stimuli (1000 Hz{ doming' every 0.65 S all
stimuli had an intensity of 90 dB peak SPL and were -pre-
senteé to thelieft éaf. Finally, the effects.of stimuius
modality were invesﬁigated :by comparing the responées to
visual stimuli to those obtained in the basic auditory

paradigm.

P

Amplitude and latency measurements

Only the late components of the event-related potga—

-
W

e

tials will be considered in .this paper. _PHe N2, P3 and Slow
: <

Wave components were identified on the average waveforms for

each individual subject. The& peak was identified separ- .

ately at Cz, T3, T4, Pgl and Pg2 electrodes as -the maximum
scalp negativity or nasophafifggal ;positivity between 150
and 300 ms. The P3 component was identified.at cz, Pz, Pgl
and Pg2 electrodes as ;the méxiﬁum scalp positivity of

nasopharyngeal negativity between 250 and 500 nms. The SW

‘component  was identified at the latenc§‘ of the peak ne-

M)

gativity'following the P3 at Faz,. Amplitudes were measured
at each/of .the identified latencies with respect to the
average amplitude of the waveform _in the 50 ms preceding

stimilus onset. The data were analyzed using repeated

N

[¥
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measures analyses of - variance and confidence intervals, as
describe% in the preceding paper fPerrault and Picton,
1983). For descriptive pu;poses; the nasopharyngeal
components ﬁave been labelled accordigé to their scalp
equivalents. Thus, the nasépharyngeal positivity at about
200 ms is called "N2" despite its polariﬁy, and the negative
nasopharyngeal wave occurring at the same -latency as the
* scalp P3 component is called 5?3". This seems.preferable to
" introducing a PgP200 and égN400 nomenclature, since these
components can vary in latency,'(;specially.with discrimina-

. tion diffipdlty.

RESULTS

Basic Auditory Paradigm.

“The individual waveforms of the responses to .the
targets from 20 of the 21 subjects evaluated in the basic

paradigm are shown in Figure 1. (The waveforms of one of
: - .

™

‘the subjects. were unavailable because of a disk mal-
function). The N2‘peék had an averAge latency of 205 ms at
. Cz, It was maximally recorded in‘£he frohﬁocentral regions
with an average amplitude of -6.7 uv at Fz, =6.0 uv at Czy——

" and -3.1 uv at Pz, At the temporal leads the N2 component



had an average amplitude of -2,7 uv at T3 and -2.4 uV at T4,
with no significant asymmetry noted. A simultaneous

positivity (212 ms) was recorded at the nasopharyngeal

electrodes with an average amplitude of 2.6 uV. This re-

presents a 43 % reversal from Cz. No significant asymmetry
was noted between nasophatyﬁgeal leads, where the amplitude
pf the Né component was 2.4 uVv at Pgl and 2.8 uvVgat Pg2.

The P3 wave was maximally recorded from the parietocentral

v reqion with an average amplitude of 10.0 uv at-Fz, . 14.0 uv:

at Cz and 14.2 uvV at Pz. Its average latency was 318 ms .at

Cz and 348 ms at Pz, not a significant difference. A cor-

o

responding negatlivity was observed at the nasopharynx at a&

latency of 366 ms with an average amplitude of -3.3 uv. NS

Again, -no lateral asymﬁetry-was‘noted'(T.l uv at T3; 6.8 uv
at T4; -3.4 uv at Pgl; -3.2 uv at Pg2). The nasopharyngéal
latency for P3 was significantly longer than the vértex
latency, but was not significantly different from the Pz
latency.  The SW componeht was recorded as a negative wave

at all electrodes except for Pz. It was maximally recorded

,at Fz with an averagé “amplitude of -7.0 uv and an avefage

peak latency of 539 ms. At this latency, the amplitude at
Pz was +0.5 uV. The SW component 'at the nasopharyngeal

. ) - ‘ _
electrodes was small (-0.9 uv) and did not differ

-

significantly from zero.
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Stimulus Probability.

There were significant chanées in the amplitude of the
late components when the probability of targets: waé in-
creased from 10% to 30% (ISI of 1.1 s under both condi-
Eioné). PThe grand—meaq waveforms are shown in Figure é.
The average amplitude of the N2 component at Cz decreased
significantly from -4.3 to -1.2 uV with ingreasing target
probability. The simultanéous positivity recorded at the
nasopharyngeal electr&des also diminisheq significadtly from
2.2 to 1.3 uV although the relative change was not as large
as that at the vertex. There were no'_significant differ-

ences in N2 latency between the different probabilities.

N

%he average‘ amplitude of the P3 peaﬁ decrea;ed sig-
nificantly  from 13.2 to 8.3 uv at Cz, and from -3.1 to ~1.7
uV at ther nasopharynx. _ Ther@ were no‘lsignificant pro-
bability-related changes in la%enéy. The frontal slow wave
showed.a small decrease inlamplitudelwith increasing target
probability at  the scalpi (=5.5 vs =-3.3 uvV at Fz;
0.01<p<0.25). | No siénificant differences were found in the

nasopharyngeal waveforms at this latency (-1.1 vs =0.7 uv;

<
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average of Pgl and Pg2),

In 'ﬁhe secend experiment, targets were presented at
sequeﬁtial probabilities of 10% and 30%, while thértemporal
Probability was kept constant at 1/10 s by changlng the ISI
from 1.1 s to 3.3 s, Grand-mean waveforms for this experl-
ment are presented in Flgure 3. The N2 component decreased
significantly from ~5.3 to +0.3 uv at cCz. éimilar frends
were found at other scalp electrodes. . The change ae; the .

-

nasoﬁharynx was also signifieapt, the amplifude of \the
‘gzeitive wave decreasing from 2.7 uv at 10% to 04 uv ;¥
30%. The latency of the N2 peak varied significaetiy from
'201 (10%) to 247 (30%) ms at Cz. A similar trend was foend‘
at the nasopharynx (213 wvs 234) but did not reach signific-
ance. The amplitude of Fhe P3 component decreased slightly
at Cz from 9.9 uv (10%) to 8.2 uv (30%), but this effect did
not reach significance: A reverse trend was observed at the
nasopharynx Where‘ the average (Pgl and Pg2) amplitude in-
creaeed from ~2.4 to -3.5 uv. Agaan however, this effect-
was not quite 51gn1flcant (p.01<p<0. 05) The latency of the
P3 peak was not significantly affected by sequential pro-
bability at.either scalp or nasopharynx ({337 vs 347 at. Cz;
376 vs 383 at the nasopharynx). The amplitude of the
frontal slow wave decreased slightly from -7.5 uv (log - 1.1
S} to -5.9 uv (30% - 3.3.5), not a significant effect. Its

latency was also unaffected (527 wvs 525 ms). At this
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‘latency the amplitﬁde of the nasopharyngeal waveforms
increased from -0.7 (108 - 1.1 s) to -2.6 uv (30% - 3.3 s).
This change was not quite significant.(0.01<p<0.05} although
in the 30% - 3.3 s IS{ condition the SW measurement at the

nasopharynx was significantly different from baseline.

-

————— Insert Figures 3 and 4 about here ———--

In the third; experiment, taygets were presented at a
'Sequentiai probability of 10%, whiie the ISI was changed
ffom 0.65 s to 5.0 s, fof cornespondiﬁg temporal probabili-
ties of 1/6.5 s and 17 50 s, : The grand-mean waveforms ﬁor
this'experimént are presented in Figufe 4. The amélitude Qf
‘the N2_compoﬁent decreased éighificahtly from -5.3 to -0.5
uvV  at the Fz lead with decreasiﬁg temporal probabiiity.
Similar trends were observed at other scalp electrodes. A
reverse trend was found - in the niéopharynx wﬁere the
amplitude increased from 2.5 to 3.4 v with decreasing
temporal probability (not a sighificant ‘effect). “The
latency of the N2 peak increased significantly f?om 194 tor
265 ms.at Fz with decreasing temporal probability. The
nasopharyngeal ﬁz also occurred somewhat iafer (236 QS 251
ms) without this difference reaching significancé.‘ The
amplitude of the Pp3 component incteased from 9.4 to 11.1 uv

at Fz, from 13.0 to 15.5 uv at Cz and from 10.9 to 16.0 uv

+
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at Pz with decreasing teﬁboral probability. None of these
effects, ) ‘however, reached significance. The amplitude of
thée P3 cqmponeht ag‘the nasopharynx was not affected by this
manipulation (-2.1 vs -2.1 uv). ., The ia;ency of the P3
component was significantly longer{yith smallef temporal
probability at both Cz (338 wvs 378 ms) and nasopharyngeal
electrodes (345 vs 417 ms). No significant effects were
found on the amplitude oé the frontal slow wavé at either
scalp (-4.5 vs =-5.5 uv at Fz) or nésopharynx (-0.3 vs 0.8
uv; average of Pgl and Pg2). Tpe amplitude’ of the
nasopharyngeal waveforms at this latency did not differ
significantly from baseline. The latency of the frontal
slow wave increased significantly from 517 ko 628 ms with
decreasing temporal probability.. - ) -
Endogenous components were sometimes seen in the
waveforms  to standard stimuli’ during the probability
manipulations. = In the first experiment (90% vs 70% stand-
ards; ISI of 1.1 s), the grand-mean waveform to the 70 %
standard stimuli contained a dmall positive deflection at
apéroximately the latency of the P3 component  recorded in
response to the target stimuii. Its amplitude was 0.8 uV at
Fz, 1,1 uvV at Cz and 0.9-uV at}Pz (versus -0.5, -0.4 and 0.0
uv réspectively in response‘to‘the 90 ¢ standard stimuli).
No significant activity was recorded from the nasopharynx at

these latencies. There was no evidence of N2 or Slow Wave

T
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components at any lead. .In the second éxperiment,_ a dis—.
tinct P3 component could be obserned in the response to the
standard stimuli’during the long ISI condition (3.3 s), as
can be seen in Figure 3 of the precé@ing paper (Perrault and
Picton, 1983). Tne temporal probability of the standards in
this condition was 1/4.7 s. The P3 latency was 345 ms at
Cz. The amplitude -of the grand-mean ~waveform at this
latgncy reacheé a maximum of 4.5 uV at Pz (3.9 uv at Cz and
2.3 uv at Fz),. This . component could also be seen at the
temporal leads and at € nasopharynx where its'amplitude
reached 3.3 and ;1.2 uvV respectively. The P3 component to
standard stimuli can be seen e%en more clearly in Figure 4
of the first paper, where the ISI was 5.0 s (temporal pro—
Abability of the standards was 1/5.56 s). It " occurred at a'
Cz latency of 339 ms (Versus 378 ms for the target stimuli)
and .reached an amplltude of 4.2 uv. A correSponding

measurement at the nasopharynx yielded a value of -1.5 uv.

Stimulus Intensity °

-

In the response to t§rgets the amplitude of the scalp-
[ %

‘N2 component increased significantly with increasing in-
ténsity from -3.4 uy to -5.7 uv at Cz. | This change was
significant at all gnaip electrodes.. There was po cor;
responding increase in the nasopharyngegl positigity which

o |
was on average 2.5 uV at the high intensity andr2.4 uV at
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the low intensity. ' Changing the stimulus intensity had no
significant .effect on the P3 or SW components. The
grand-mean waveforms are shown in Figuré's. _The standard
stimuli elicited no significant late response in this con-

dition.

Discrimination Difficulty

The grand-mean waveforms foftthe-ta;get—évoked poten-
tialé in this experiment are shown in-Figure 6. ‘Increasing
the diffichlty of target discriminmation increased the
latencf'of both the N2 and P3 components of © the response.
The N2 component increased from 213 to 248 ms at the vertex.
A similar change was found for the nasopharyngeal 9051t1v1ty

(208 ms vs 251 ms). The P3 peak latency also increased in
latency with difficulty at; both scalp and nasopharyngeal
sites (319 wvs .387 ms -at’ Cz; 358 wvs 433 ms at the
nasopharyngeal electrodes). The SW component increased in
latenéy from 542 to'595 ms but this effect did not reach

significance.
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_?here( were no significant effects of increasing the
difficulty of target discrimination on the ampiitude of the
N2 component either at the scalp (-6.8 uV for easy vs -6.3
uv for difficult at Fz; =-6.3 VS =3.% uv at Cz; -2.4 vs -3.3
uV at Piﬁ " or nasopharynx.(Z,l‘vs 2.2 uvy), It was possible
that the increased discrimingtion. difficulty lowered the
actual detection of the signals. The absence ofr a change.in
N2 amplitude could therefore have resulted from the mixing"
of regponses to detected and non-detected 'targets in ;he
difficult condition. As a check on this poséibility we
reanalyzed our data using only those sessions where the
countg were 100% accurate. Agaln there was no signifiéant
difference in’ N2 amplitude with increasing difficulty of
target discrimination. The amplitude of the P3 componen£
decreased significantly from 16.0 to 11.1 uv at Cz, and ffom
~-4.0 to -3.1 uv at the nasopharyhx. The amplitude of the -
slow wave component showed no significant effect of -dis—
crimination difficulty, There were no significant effécts
of discrimination difficulty in the responke to standard
stimuli within the latency fange of the late components.

Omission Paradigms

Definite endogenous potentials were recorded in re-

S
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sponse to the stimulus omissions under both‘Isf COnditioné.
The grand—ﬁean waveforms are plotted in Figure 7 (i.l s ISI)
and Figure 8 (0.65.s ISI). The lateﬁcy of the N2 peak in
the response to the bmitted stimuli (ISI of 1;1 s) was found
to be significantly longer than that in the response to
target stimuli at the nasopharynx but not at the scalp (208
Vs 261 ms at the nasopharynx; 213 vs 227 ms at Cz),.{ Similar
_trends were also found in the 0.65 s ISI experﬁhent (226.vs

237 ms at the nasopharynx: 216 vs 210 ms at Cz), with the
differénce reaching signiéicance.at ﬁhe scalp but not at*the-

nasopharynx.

. At the l.i s ISI, stimglus oﬁissions glicited much
smaller N2 components at the scalp electrodes than the
target stimuli (;2.0 uv for omissions vs -5.0 uV for targets
at Cz), There wa no significant effect found at the
nasophéryngeal leads wheré the amplitude of the positive

~
peak was.l.9 uV for thé omitted stimulus and 2:1 uv for the
target stimulus. At the 0.65 s ISI, the N2 amplitude
.diminutioh at the écalp did not’ reach significance (-3.0.uV
fér omissions vs -4.9 uv for.targets at Cz). Again, no

amplitude change was found at - . the. corresponding

nasophafyngeal positivity (2.3 uv for targets-vs 2.5 uV for
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targets). 1In the 1.1 s ISI experiment, the amplitude of the
P3 peak was reduced at all leads for the omitted stimulus
(16.0 vs 6.2 uv at Cz; -4.0 vs;-1,3 uV at the nasopharynx).
Similar effects were found at 0.65 s ISI (13.0 vs 8.8 uV at
Cz; 2.1 vs -1.1 uV at the nasopharynx; average of Pgl and
" Pg2; in‘the nasopharynx the amplitude reduction was signif—

icant at Pg2 only where the amplitude was . =2.3 uv for

targets wvs -1.0 uV for omissions). The frontal slow wavey

showedJno significant change in amplitude in either experi-

ment.

At the 1.1 s 1ISI, the P3 component for the omitted

»

stimuli occurred significantly later than the P3 component

to the target sitmuli at bot Ecalp and nasopharyngeal sites -

(319 vs 381 ms at Cz; 351 T8 411 ms at Pz; 358 vs 493 ms at
the nasopharynx).  Results from 0.65 ISI éxperihent show
similar trends (338 vs.367 ms at Cz; 345 vs 372 ms at Pz;
345 vs 406 ms at the nasopharynx), but the Cz difference did
not reach significance; In the 1.1 s ISI manipulation, the
slow waQe componént was also significantly later in response

'to stimulus omissions (543 vs 641 ms). Again, a similar

trend was found in the 0.65 s ISI experiment (517 vs£565'

i

4

ms), without this difference ;eéi;ing significance.

Effects of Attention

Grand-mean waveforms for the Attend and Ignore condi-

(.*-n -
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tions are presented in Figure 9. The N2 éomponeﬁt generally
_ decreased in amplitude‘at the scalp during the Ignore con-
dition, but these effects were significant only at the Ez
(-5.3 wvs =-2.1 'uvV) and T4 electrodes (—2.5 vs FO.% uv)
electrodes. The N2 component does not show .up véry cléarly

in the grand-mean waveforms, This seems due to an increased

<:2ter—subject variability in the latency of this peak during-

Fhe Ignore condition. .The mean latencies were 216 ms in the
"

Attend condition (standard deviation of 28 ms) and 237 ms in

the Ignore condition {standard deviaa}on of 52 mg). At the

nasopharynx, ' the amplitude of the positive peak diminished

from 2.5 tb 1.6 uvV across these conditions, but this efifect .

did not reach significance. The latency‘ of the

nasopharyngeal N2 was 226 ms in the Attend condition and 217

ms in the Ignore conditien. . The P3 cgﬁponent was reduced
significéntly~)at the scalp (13.0 vs 2.2 uv at Cz). A cor-
responding change was found at the nasopharynx (-2.0 vs -0.9
uvy, -but this difference did not reach significance. The
Slow Wave compoﬁén; also decreased in amplitiude (-=5.5 vs
-2.3 uvV at Fz) but this effect did not reach significance.

No changes were found in the nascpharyngeal recordings at

1

this latency.

————— Insert Figure 9 about here-----

'
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{:Fesponses to Visual Stimuli . b

lSuperimposed waveforms folloﬁing targgt stimul%/can be
seen in- Figure 10, and the grand-mean ~waveformﬁ""gor both
standard and targ@t.stimuli_are presented in Figure 11. The.
N2 componenti of -the reSPO?fe to visual target stimqli was
widely diétributed. It rpéched its maximum scalp amplitude
at Cé\(—l.4.uv; versus ~lﬂl uv at Fz and Pz) where its peak
latency waé 283 ms. It occurred at a somewhat later latency
at the temporal leads (298'ms),'whefe ifs amplitude was -1.2
uVS(avérage of T3 sand T4). By comparison, the amplitude of
the auditory N2 a% the temporal leads was about’ one half of
the Cz mplitude. ° At a latency of 280 ms a clear posivity
couldd/g: Seeﬁ in the nasopharyngéal recordings, with an
amplitude of 3.2 uv. This regrésqnts a 250% reversal from
the Cz amplitude (as opposéd to the 33% reversal for the
auditory N2 in; the 10 subjects that participated in both

auditory and visual manipulations).

The visual P3 Eomponent occurred at a latency of 412 ms
at Cz, significantly later than its auditory counterpart.

Its amplitude was also maximum parietally (17.8 uv),. Cor-

Q ‘ . :
responding amplitudes at Fz and’pz were 11.2 and 16.7 uv
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.
respectively. At thé temporal leads, it averaged 6.5 uv. At

’

a somewhat later latency (436 ms; not a significant dif-
ference) a negative peak was observed in the nasopharyngeél

waveforms with - an amplitude of -4.3 uv (a percentage re-

yersal from Cz of 25%, as compared to 25% for the auditory
P3). " A

The visual slow wave was recorded with maximum
amplitude from Fz.(—3.4 uv) at a latency of 602 ms. Its
amplitude was near baseline at Cz (-0.5 uV) and positive at

Pz (3.4 uv). The average amplitude of the temporal record-

ings at this. latency was -1.6 uV. At the nasopharynx, the

-

waveforms did not differ significantly from zero (mean of

_1-0 UV).
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DISCUSSION

The results of these experimenﬁg r?plicate our -previous
findings (Perrault et al, 1983). At the latencies of the
N2 and P3 components thére were definite nasopharyngeal
waves with opposite. polarity to those recorded from the
scalp. In the baéic auditory paradigm the nasopharyngeal
positive wave was oncaverage 43% or the vértex N2fcqmponent
(cf. 51% in the previous study) ,and the nasopharyngeal
negativity 23% or the vertex P3 component (cf. 19% in the
pPrevious study). Again, we found no nasopharyngeal con-
comitant of the slow-wave. The following paragraphs will
discuss the implications of our results for the component
?tructurg and.cerebral origing of the scalp-recorded N2, P3

and Slow Wave components.

The N2 component

The results of the probability studies suggest that the
N2 recorded from the scalp and the concomitant. nasopharyng-
eal positivity are different, Both waves decreaéed in
amplitude when the probability of the target was decreased
from 10§ to 30% and the ISI keptvcbnstant. In our second

probability experiment, the nasopharyngeal positive wave and

%
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the scalp N2 both decreased in amplitude when the inter-

stimulus interval was increased without . altering - the

temporal probability of the targets, At the scalp this
might be due to an overlapping P2 c0mponent.tﬁat increased
in amplitude at the longer interstimulus iﬁtervals, par-

ticularly at the high intensities used in this experfiment.

Fitzgerald and Picton (1981) found no significant change in

the scalp N2 Component when they increased interstimulus

" interval while maintaining constant the temporal probability

of the targets., Their results are based on target-standard
subtracfion waveforms, hgwever, and the effects of ISI on P2
may have been céncelled out in the subtraction. Fitzgerald
and Picton's raw waveforms (their Figure 2) show a'reauced
N2 amplitude at longer temporai‘ prObabilities.. Thg'at-
tenuation of.the nasopharyngeal .positivityicannot be e¥pla-
ined by any overlap with a P2 component, sinée the P2 is not
recorded from this location, Thgre thus seems to be a
definite change in the nasopharyngeal N2 despite constant
temporal separation between targets. This might indicate
two distinct processes occurring at ﬁhis latency. The
results fréﬁ our third ISI manipulation pro&ide evidence for
this interpretation. When the temporal proba?ility is
varied (from 1/6.5 s to 1/50 s). without altering - the
sequential probability of the targets (10%)}, the scalp N2

again decreases whereas the nasopharyngeal N2 is unchanged.

’
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It 1is possible that there are two separate processes occur-
ring in the N2 lgtgncy range,- one recorded from .the scalp
and Qarying with temporaliprdbébiiity, .and the other best
”“recorded from the nasqpbarynx and affected primarily by
sequentiél probability. Although the probgbility—rela;ions
for fhe nasopharyngeal N2 are fairﬁy clear, ~the effects of -
the different probabilities of the scalp N2 may be rglated
to concomitant effects on the overlapping Pz‘or P3 compon-
enté. Thus, 1in the'absehce of subtraction waﬁeforms, ouf
results must be cﬁnsidered cautiously. _

Increasing phe difficulty of target discrimination
caused a significant increase in the latency of botﬁ'the
scalp N2 and its nasopharyngeal counterpart without altéring
fhekamplitude of either. This 1lack ‘of any significant
change 1in N2 amplitude falls between the depreése in
amplitude reported by N#Htlnen et al. (1980) and the indre~
ase répérted by Fitzgerald, and Picton (1983). Ford et al.
(1976) also found no significant effect of target dis—
Criminability oﬁ N® amplitide. 'This wide variety of results
is probably due to different degrees of aftentional engage-—
@ent in the diserimination task (Fitzgerald 1982).

Further evidence for two different N2 processes cdme
from the intensity-"manipulation, where the scalp N2 is
signifiéantly reduced at the lower intensity whereas the
nasopharyngeal positivity remains the same. The effect of

stimulus intensity on the scalp N2 cannot be explained by an
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overlapping P2 component since’ Eﬁe latter is known to de-
crease at low intensities (Keidel 1976;, Pigton et al.
1978). In‘ the present experiment, the P2 cohponent to
standard stimuli showed no change across inténsity condi-~
tions. The N2 effect cannot be exbiained by a differential
superimposition of the- following P3 wave, -‘since this
component remained unchanged by stimulus intensity. It 1is
unlikely that an early portion of the negative slow wave
might contribute to gre;ter N2 amplitudes at high intensi-

ties since there was no significant difference in slow wave

"wamplitude across intensity conditions. We are therefore

left with the conclusion that there are two distinct
components at the N2 latency..- One component is affected by
stimulus intensity and is best recorded from the scalp; the
other is unchanged by the intensity manipulation and is best
recorded from the nasopharynx.
The response to stimulus omissions when the ISI was
1.1 s shows a significant decrease of N2 amplitude at the
scalp, whereas the nasopharyngeal N2 remains unchanged.. The
change in the scalp N2 could be related to the intensity
' |
relationship described in the preceding paragraph, or to
some jitte% in its occurrence, When the ISI'was shortened
to 0.65 s, neither N2 process 'was siénificantly different

between the omitted stimuli and the targets, although a

definite decrease in the scalp N2 may have been obscured by

e

iy
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waveform variability. If there was a latency effect, it did
not affect the nasopharyngeal N2. These results indicate a
greater dependence of the scalp N2 on either the timing or
the intensity of the stimﬁlus, and further support the
existence of two distinct processes in thié latency ranée.
Our ignore condition caused a significant decrease in
N2 amplitude a£ Fz and T4, but not at other scalp or
nasopharyngeal locations. These results are éonsistent with
the existence of a processing negativity recorded primarily
over the fronto-central and contralateral regions of the
scalp (N&At8nen in press). We reported a contraiateral at-
tention effect on the temporal ﬁlc-component in the preced-
ing paper (Perrault and Picton, 1983). Our findings might

L s

thus be caused by a fairly broad  processing negativity

overlapping or composing both the Nlc and N2 components at.
the scalp.

The ‘N2 component shows evidence of mddality—
specificity. 1Its scalp amplitude is more evenly distributed
in the visual condition than in the auditory condition where
it has a clear fronto—centfal maximum. The differencerin
amplitude between the additory and visual conditions é&;
significant at the frbntal and central locations, but no; at
the temporal sites or in the nasopharynx. The presentldata
would be consistent with the further specification of- a

Y

modality-specific Scalp N2 and a non-modality-specific”
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nasophatyngeal N2.  Lack of manipulations in the visual
‘modality,‘ however, do not permit further support of this
hypothesis. ' |

It seems possible to ihtegrate the results previously
discussed concerning the N2 by postulating the existence of
two distinct processes in this latency range. A first
process 1is picked up-mostly at the scalp and is similar to
Naatanen'é processing negativity. The amplitude of this
process is affected by attention, tempofal probability,
-moaality and by the'physical characteristics of the elicit-
ing eveht. As such, it might inaex a stimulus evaluation
procedure carried out in Ehe“geo—cortical areas of the
brain. The second process 1is picked up primarily in the
_ n$sopharynx as a positive wave. This process is 1less de- .
pendent on attention, is affected by the sequential pro-
bability of events, 1is not affected by:the physical' para-
meLers of stimulation and might be independent‘of modality.
This proéess might index a “pure“ mismatch-detection proced-
ure, whereby events are compared to a memory template cre-

ated by previous events. Subcortical limbic regions are a

plausible source of this component.

The P37component

A large parieto-central P3 wave was recorded in the

response to improbable targets. The P165 component (Goodin
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et al, 1980) was not recognizéd in our wavefdrms, even
following the-Attend—Ignore subtractions, . No. clear P3a.
component {Squires et.al. 1975) could be recognized, even
in the response to ignoyed targets. The following discus—

sion applies therefore only to the usual "p3b" component

(Squires et al.- 1975).

~ : . ) :
Our results concerning the scalp-P3 component generally

agree with ’the previous litterature on the effects of in-
tensity (Hillyard and Picton 1979y, discrimihation dif-
ficulty (Fitzgerald and Picton, 1983; Campbell et al.. 1983}
stimulus_omiésions (Picton and Hillyard 1974; Simson et al.
1976), attention (Hillyard et al.' 1973; Picton and Hilly-
ard, 1974) and modality (Simson et al. 1977). The first
probability experiment shows an expected decrease of P3
amplitude with increasing probability. The secend experi-
ment, where the sequential ’ probability of the targets was
incréased but the temporal probability was kept constant,
showed no significant change in P3 ampli tude, This result
supports Fitzgerald and Picton (1983)'s hypothesis that
temporal probability is more’ important than sequential
probability‘ in determining P3 amplitude. In - the third
experiment, however, the temporal probability of the targets
was increased from 1/6.5 s to 1/50 s without producing a
significant increase in P3 amplitude. There may be a

saturation of P3 at very low temporal probabilities.
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There is strong support in our data for the hypothesis
that the. scalp-P3 and the cogcurrenﬁ naéopharyngeal ne-—
gativity reflect a single Eerebral process, All of our
experimental manipulatiéné which led " to sléﬁifipant changes -
in the scalp-P3 had similar effécts on the nasopharyngeal
negative wave. Both waves decreése in amplitude with in-
creasing temporal proﬁability, with intreasing discrimina-
tion difficulty, with stimulus omi'ssions and during the
Ignore condition. Their latencies increase. with dis-
criminatioﬁ difficulty and for stimulus omissions. | Con-
versely, those manipulations which caused no change in the
scalp-P3 did not affect the nasopharyngeal negative wave.
Both waves remain unaffected by stimulus intensity, and by
sequential probability when the temporal probability is kept
constant. The scalp-distribution and reversal percentages
from Cz to nasopharynxX of the P3 component were not affected
by stimulus modality. One is therefore tempted to conclude
that there 1is a single P3 generator with an equivalent
dipole located between the scalp and the nasopharynx. " This.
would be.compatible with the results of intracerebral re-
cordings (Halgren et al.,1980; Wood et al. 1980, 1983).

There is, however, the problem of a significant latency
differenée between the vertexe€§ and the nasopharyngeal
.pegative wave. This difference is about 35 ms followiné the

target discriminations but is 91 ms following the stimulus
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omission at an ISI of 1.1 s. Similar results were fgbnd at -
an ISI of 0.65 s." (2§ ms and 61 ms respectively). One way
of reéonciling thiss latency difference\g}th tge concept of a
single generator is to postulate an overlapping_ negative
slow wave at the vertex. This negative sglow wave could cut
short the vertex P3, giving it an earlier peak latehcy.
"This  would not occur at thé nasopharynx wheré there 1is
little if any slow wave component.  Such a hypothesis would
also explain why the .P3 latency at Pz is -longer than at ¢z,
since there 1is no negative slow wave at Pz in most condi-
tions. The only condition in which there is a Aegative slow
Jave at Pz is following the stimulus omission, and in this
condition'thé P3 latency ét Pz is significantly shorter than
the latehcy of the nasopharyngeal negative wave. This
interpretation is supported by a recent principal component
analysis of the event-related potential which suggesté a
large amount of overlap between P3 and slow wave components
at the scaip (Ruchkin et al. 1980; McCallum and Curry 1981).
Oour results therefore suggest that there 1s a single
process underlying the P3 component, They do not indicate
wherg in the brain this process ié occurring, nor indeed
that it is generated in one particular region alone. There

is, however, a very distinct cerebral process occurring at

this latency and generating a large and widespread dipole

field.
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The Slow Wave component ‘co;aries with P3 under all
experimental condifions. Although the nasopharyngeal
waveform at the latenF% of Fhe frontal slow wave turned out
to be significantly dff%gzent from baseline in the 3.3 s ISI
condition, this effect was. not‘replicated in the75.0 s ISI
condition. The representation of the slow wave at the

nasopharynx is minimal, thus indicating different generators

for these two components.
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SUMMARY

Scalp and nasopharyngeal recordings of the N2$J'P3 and
Slow Wave components were compared in a target-detection
task. The effects of probability, interstimulus interval,
intensity, discriminafion difficulty, atténtion, stimulus
omission and modality were evaluated. Waves of opposite
polarity to the scalp N2 and P3 compenents were reéorded in
the nasopharynx. The scalp and nasopharyngeal N2 components
showed different patterns of.'variation across experimental
conditions. These findings indicate:phaﬁ there are two
different cerebral processes occurring at the latency of the
scalp N2. The scalp and nasopharyngeal P3 components con-
sistently covaried across conditions, suggesting a single
underlying process, The Slow Wave was observed cnly in the

scalp recordings.

Y
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RESUME e

Les composantes N2, "P3 et 1'onde lente du potentiel
évoqué ont €té enregistrédes A partir du scalp et du
nasopharynx lors d'une t3Zche de détectiqn de signaux. Les
effets de la probabilite des signaux, de l'interval;e‘iﬁter-
stimulus, de l'infénsité, de la difficulté& de discrimina-
tion, de 1'attention, de l'dmissipn des signaux et de 1la
modalité sensorielle furent ébglués. Des ondes correspon-
dant aux composantes N2 et P3 du scalp furent obse;vées dans
les enregistrements i partir du nasopharynx, mais ayantfgﬂg
polarité inverse. Les compos;ﬁtes- N2 du scalp idu
nasopharynx semblent s'associer 3 des processus,distincts,
puisgu'elles réagissent différemment A nos manipulations
expérimehtales. Les composantes P3 du scalp et du
nasopharynx réagissent paralldlement aux diverses condi-
tions, ce qui semble indiquer un processus sous;jacent

unique. L'onde lente ne fut enregistrée que sur le scalp.
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FIGURE LEGENDS

Figure 1, Superimposed individual waveforms to target

stimuli from 20 subjects that participated in the basic
auditory paradigm. ({10% targets - 90 (B peak SPL - 1.1 s
ISI - right ear). Each tracing is the average of between
50 and 110 responses, All recordings were taken using a
non~-cephalic reference and negativity reiative to this

reference is indicated by an upward deflection of the

tracing.

Figure 2. Grand-mean waveforms to target stimuli from 10

subjects in two  target probability conditions - (10% -
solid line; 30% - dotted line). 'Targets of 1000 Hz were
presented among stapdard‘Stimpli of 2000 Hz. All étimuli
had an iﬁtensity of 90 dB peak SPL and weré preseﬁted to

the right ear with an ISI of 1.1 S. 'Note the decrease in
amplitude of the N2 and P3gsomponents at the scaLp/ln the
30% Eondition, and the covariation in their nasobharyng—

eal concomitants.

Figure 3, Grand-mean waveforms to target stimuli from 12
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subjects in two sequential probability conditions (10% -
1:1 s ISI - solid line; 30% - 3.3 s ISI - dotted line)
when the temporal probability of térgeté was kept const-
ant at 1/10 s. Targets of 1000 Hz were presented amoﬁg
standard, stimuli of 2000 Hz. All stimuli had an intens-
ity of 90 4B peak SPL and were presented to the :ight

ear, .The P3 amplitude differences were not significant.

Figure 4, Grand-mean waveforms tp target.stimuli from 10
subjects in two temp&ral probability conditions (1/6.5 s
- 0.65 s ISI - soldid line; 1/50 s - 5.0 s IST - dotted
line) when the sequential probability of targets was képt
constant at 10%. Targets of 1000 Hz were presented among
standard stimuli of 2000 Hz. All stimuli had an intens- -
ity of 90 dB peék SPL and were presented to the left ear.
The P3 differences ‘in amplitude were not significant.
Note that because of the short‘ISI, there f is an addi-
tional evoked potential to the standard stimuii occurring

toward the end of the tracing in the 0.65 s condition.

Figure 5. Grand-mean waveforms to target stimuli from 10
subjects in two intensity conditions f90 db péak SPL -

‘ /1 solid line; 65 dB pedk SPL - dotted line). Targets of
1000 Hz occurred 10% of the time among standard stimuli

of 2000 Hz. Stimuli were delivered to the right ear with
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an ISI of 1.1 s 4in both conditions. Note the clear

reductipn in N2 amplitude at the.scalp and the absence of

this effect in the nasopharyngeal concomitant. : N

Figure 6. Grand-mean lwavefo:ms to target stimuli for 10
subjects in two discrimination difficulty conditions. 1In
the Easy condition (solid line) targets of 1000 Hz were
presented among. standard stimuli of 2000 Hz. In the
Diffiéult condition (dotted line) targets of 1000 Hz were
presented among standard stimuli 6f 1050 Hz. Targets
occurred 10% of the time. All stimuli had an intensity

~of 90 @B peak SPL and were presented to the right ear
with an ISI of 1.1 s. Note the increased latencies of

the N2 and P3 components in both scalp and nasopharyngeal

recordings.

Figure 7. Grand-mean waveforms to targets for 10 subjects
in a condition where the target stimuli were 1000 Hz
tones occurring among 2000 Hz standards (solid 1ine)‘ and
in alcondition where the target‘ stimuli were omitted
(dotted line). All presented stimuli had anﬂintensity of
90 dB peak SPL and were delivered to the right ear with

an’ISI.of 1.1 s.

Figure 8. Grand-mean waveforms to targets for 10 subjects
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in ka‘condition where the target stimuli were 1000 Hz
tones occurring among 2000 Hz standards (solid line) and
in a cdndition where the target stimuli were omitted
(dotted line). ‘All stimuli had an intensity. of 90 dB
peék SPL and were delivered to the left ear gith an ISI
of 0.65 s. Note that because of the short ISI, an addi-

tional evoked potential is present toward the end of the

waveform. ' -

Figure 9.  Grand-mean waveforms to target stiﬁuli for 10
subjects that participated in Attend (soliad lihe) and
Ignore (dotted linej conditions. buring the Attend
condition, the subjects had to keep a mental count of the
number of targets. In- the Ignore'condit?on thef con-
céntrated on reading a book or Eagazine. Targets of 1000
Hz were presented among standard stimuli of 2000 Hz. All
stimuli had . an intensity of 90 dB peak SPL and were
delivered to;the left ear with an ISI of 0.65 s. Note
that because of the short ISI, an additional - evocked

potential is present toward the end of the waveform.

Figure 190. Superimposed individual waveforms to target
stimuli from 10 subjects in a condition where stimuli
were presented in the visual modality. Targets occurred

10 ¥ of the time with an ISI of 1.1 s and 'were dif-
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ferentiated from the standards by color (red or green).
The N2 and P3 components ~also reverse in the
hasopharyngeal'recordings. Each trace is the average of

betwean 78 and 129 responses.

Figure il. Gfand-mean waveforms to targets (solid line) and
standard stimuli (dotted line) from 10 subjects “that
participaéed in a condition where the stimuli were pre-
sented in the visual modality. Targets were presented
108 of the tiﬁe. The ISI was 1.1 s. Reversed N2 and P3
components can be seen at the nasopharynk in response to
target stimuli., 1In addition a positive N1 can be éeen in
the nasopharyngeal wéveforms for both standard and Earget
stimuli. As in the auditory modality, the P2 component
(at approximately 235 ms) is not seen in the hasophafyng—

eal recordings.

-
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APPENDIX A: Nésopharyngeal recordings of endogenous event-
related potentials.
From the Proceedings of the Sixth International
Conference on’Event—related Slow Potentials of

the Brain. Chicago, Illinois, 1982,
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NASOPHARYNGEAL RECORDINGS OF ENDOGENOUS

EVENT-RELATED POTENTIALS
Normand Perrault, Ray Wolfe and Terence Picton

Departments of Psychology and Medicine

University of Ottawa and Ottawa Generai Hospital

-

In response to a task-relevant and improbable' signal,
Ehére can be recorded from the human scalp, 1in addition to
the "exogenous" of stimulus-bound evoked potentials, a
series of "endogenous" potentials related to the perceptual
detection of hthe stimulus (Donchin, Ritter g McCallum,
1958). Thé most prominent of these potentials is the late
positive component, "p3® or "P300", that is maximally re-
corded from the centroparietal scalp. On the basis of this
scalp-distribution it has been Suggested that the P3 wave is
generated in parietal association cortex (Vaughan & Ritter,
1976; Picton, Campbell, Baribeau-Bréun & Proulx, 1978;

Vaughan, Ritter & Simson, 1980).
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Recentl}‘the endogenous components of the human evoked
potential have been recofded from depth electrodes placed in
the brains of épileptic human patients. . Wood, Allison,
Goff, Williamson and Spencer (1980) recorded from multiple-.
contact electrodes direéted toward the temporal lébes from
frontocentral and parietq-occipital locations. ‘They found
that there was no phase reversal of the P3 acrbss the”
cortex, that the éndogenous components were recorded with
maximum amplitude subcortically, and that there was a
-shifting of peak latencies between the different recording
locations on the‘electrode. These results suggested the
pPossibility of multiple generators —. perhaps both cortical

and subcortical. Halgren, Squires, Wilson, Rohrbaugh, Babb

and Crandall (1980) have recorded from depth electrodes

pPlaced in the hippoc pus and aﬁygdala. Large event-related
potentials occurred in these areas at the same time as
scalp-recorded endogenous potentials and with similar re-
lationships to attention and probability. These potentiéls
reversed in polarity over small distances and were associ-
ated ‘with concurrent changés in unit activity. These re-

sults indicated definite neural activity in the limbic
System during the scalp-recorded endogenous potentials, but
left open the. question whether part of the scalp-recorded

activity is volume-conducted from the limbic system.
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Nasopharyngeal electrodes are used in clinical
electroencephalography to record from the mesial surface of
the temporal 1obe (Mavor & Hellen, 1964), Smith, TLell,
"Sidman and Mavor (1973) have reported that the N1 and P2 of
the vertex potential are recorded with opposite poiarity
from nasophafyngeal electrodes referred to a balanced non-
cephalfc reference (Stephenson g Gibbs, 1951). 0On record-
ings taken between the ear ang nasopharynx (Peters s Reilly,
1973), however, the only definitely recognizable evoked
poténtial was a small ear-negative wave occurring about 35

'ms later than the Nl peak at the vertex.

It 'is poséible that nasopharyngeal reéordings might
allow an evaluation of limbic activity during normal human
cognition, We therefore deéided to reéord from
nasopharyngeal electrodes the eQent-related potentials

associated with the detection of improbable target stimuli.

Methods

Twelve subjects participated in the experiment, In
each of two subjects only one nasopharyngeal electrode gave
stable recordings, and the data analysis was therefore
limited to 1lo subjects, Each subject kept a running mental
count of the number of 2000 Hz "térget“ tones presented

unpredictably in 7-minute trains of 1000 Hz "standard"
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tones. The probability of . the targets during different
blocks of stimuli was either 15% of 25%. The tones - 55 ms
in total duration with rise and fall timés of 5 ms each -
were presented at an intensity of 65 gB pPeak SPL (about 50

dB SL) and a rate of once a second to the right ear.

Electroencephaloéraphic signals were recorded from Fz,

Cz, Pz, Pgl and bPg2 Vrelative to a balanced noncephalic
reference electrode (Stephénson & Gibbs, 1951). an electro-
oculogram was recorded between the upper and lower orbital
ridges o .ﬁﬁé‘left eye, The signals were amplified using a
bandpass ; 0.16 - 100 Hz and averaged on a TN1500 Signal
Analésgf. Trials containing potentials of greater than 100
uV were excluded from the averaging, Nl (70-140 ms), P2
(130-230 ms), N2 (180j270 ms}) and P3 (250-400 ms) peaks were
identified in the vertex recording. The peak amplitudes
were measured relative to the baseline at the onset of the
evoked potentiél Sweep and at the peak latency of the vertex
component, A slow wave component consisting of ~a frontal

<
negativity and a parietal positivity was measured at the

peak latency of the frontal negativity.

Results

The grand-average waveforms for all electrode montages

are plotted in Figure 1 together with the target-standard
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subtraction waveforms. The left ?ide of the éigure_shows
the waveforms. when the target had a probabilify of 15% and
the right side shows the responses during the 25% target
condition. The réqordings from the nasopharyngeal electro-

des are plotted.at twice the amplitude of the scalp aqé EOG

recordings.

The N1 component was maximally recérded at the
midfrontal and Gertex electrqdes with an average peak
latency of .103 ms. It was larger in response to the st&ﬁa—
ard stimuli - 5.1 vs 3.6 uV at Cz. °There were no signific—
ant potentials recorded - at either of the nasopharyngeal
electrodes at the peak latency of the vertex N1. There was,
however, a small positivity with an average peak amplitude
of 0.6 uVv in the nasopharyngeal responses at a somewhat
longer latency - 130 ms. This is identified in'the_average
waveforms by the arrows. The P2 component was maximally
recorded at the vertex with an average peék latency of 180
ms. It was small in émplitude (1.0 uv) and not
significantly different between target and standard stimuli.

There were no significant potentials recorded from either
, :

-

(/nasopharyngeal electrode at the vertex P2 peak latency.

The N2 component was, maximally recorded from

frontocentral electrodes in response to the target. There

.
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was no significant N2 in the response to standard stimuli.
The average peak-latency -of the N2 component was 214 ms. At
this latency there was a significant positive wave recorded
from the nasophérynéeél electrodes with an amplitude egqual
to 51%  of the vertex negativity. This positive wave was
slightly but not significéntly larger in the left
nasopharyngeal recordings. The scalp N2 was larger for the
15§ target than for the 25% target (2.9,;;}}.9 uv at Cz) but
this difference was not quite significant (0.05<p<0.10).
There was no significant difference between the.two Pro-

babilities for the nasopharyngeal positive wave (1.4 vs 0.9

uv) .

The P3 component was maximally recorded at the par-
ietocentral electrodes with an average peak latency of 346
ms. At this latency there was a significant negative peak

in the target-evoked potential recorded from the

nasopharyngeal electrodes. This was syﬁmetrical between Pgl

and Pg2 and on average 19%“of'the vertex P3 amplitude. This
percentage was significantly smaller than that for the N2
component.  The scalp 53 was laf?rr at the vertex to ;he 15%
target than to the 25% target (9.7 wvs 8.4 uVv}) but this
difference was not significant (0.05 p 0.10). The negative
component recorded at the P3 latency from the nasopharynx

showed no change with the different target probabilities

—
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(1.6 vs 1.6 uv),

The slow wave component was recorded as a negative wave
at Fz and as a positivity at pz. These were éignificantly
greater for targets than for standards but there were no
significant effects of target probability, The average beak

latency of .the Fz negativity was 527 ms. No significant

response was recorded from either nasopharyngeal electrode

at this latency.

Discussion ’

There was né significant potential recorded from  the
nasopharyngeal electrodes at the latency ofr the sgalp N1
componént. There was; however, a somewhat later positiye
wave, This agrees well with the data presented in the
figures of Smith and his colleagues (Smith et al., 1973) and
with the measurements of Peters and Reilly (1973). It is
possible that this component may occur at the same time as
rthe temporal negative wave reportéd by several authors
+ (Wolpaw and Penry, 1975; Picton, Woods, Stuss and Campbell,
1978; McCallum and Curry, 1980) as occurring with a peak
latency between Nl and P2. Thegl;rge nasophéryngeal ne-
gativity recorééd at the same time as the scalp-P2‘component
by Smith and his colleagues (1973) was not recognized by us

or by Peters and Reilly (1973). This difference may be
. ‘ < _
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related to the higher intensity of the stimulus used by

Smith,

There were distinct components in the nasopharyngeal
recordings at the same latencies as the endogenous N2 and P3
components recorded from tﬁe scalp. Similar thouéh less
élearly defined components have been noted in sphencidal
recordings (Halgren, personal communication). The three
endogenous components were picked up in the nasopharynx with
different amplitudes relative to the scalp components.  The
Ni was about one half the scalp amplitude, the P3 about one
fifth and the slow wave virtually nonexistent. This is

further evidence that the cerebral processes underlying

these components are quite different,

The nasopharyngeal peaks were of opposite polarity to
the scalp-recorded N2-P3 endqgénous waves, This indicates
that an equivalent dipole source for the potentials recorded
at these peak latencies would be located betweeﬁ the scalp
‘and the nasopharynx. Because 'little is known about volume
conduction in the base of the skull, and because there are
probably multiple concurrent generators, it is difficult to
hypothesize about the source or sources of these potentials.
The nasopharyﬁ;eal potentials were similar éébﬁpe scalp-

recorded potentials in relation to task-relevance, being
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virtually non-existent in the response to standard stimuli.
Unfortunately, our probability manipulagion did not create a
sufficientiy large difference in the scalp-recorded endo-

genous components to determine whether the scalp and

nasopharyngeal potentials were similarly or differently

related to probability.

In conclusion, definite endogenous potentials can be
recorded from nasopharyngeal electrodes. The exact rela-
. ~
tions of these potentials to the processes of cognition ang

to th@'scalp-recorded endogenous components remain to be

determined.
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APPENDIX B: Tables of mean latencies and amplitudes.
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EXPLANATORY NOTE

The tables are organized as follows:

Tables I, II, III-a and III-b are tables of latency.
The labels above” the latency figures refer to the component
.and the electrodé at which the peak latency was determined
{thus, fof example, N1-Cz refers to tﬁe N1l peak in the
waveform recorded from the Cz electrode). Experimental
parameters are given at the beginning of each rpw, in the
following order: sequential probability of the eliciting
stimulus (%), interstimulus interval (ISI), stimulus in-~
tensity (Int.), number of subjects (N), and ear of delivery
(right (R) or left (L)). Conditions can be compared to
other conditions as indicated following the word "COMP:"
(e.g. for purposes of determining intensity effects.on
latency, the second row can be compared to row numbgr é{?ht
in Table I)., The name of the condition has begn put between
parentheses in those caseg where it cannot be derived from
the experimental parameters given. ' Standard deviations are
given between parentheses below the latency figures.

Tables IV to XII give the means and standard deviatiods'

of amplitude for indicated components at indicated electro- -
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des. They are otherwise organized as previously described.

Tables XIII and XIV are self-explanatory.

Latencies are in miliseconds (ms} and amplitudes in

microvolts (uv).

*****NOTA BENE**% &%

Due to a conversion error, all amplitudes must be

multiplied by 1.22 in the following tables. Values given in

the text are correct.
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LIST OF TABLES

Table !
I Standard Stimulus - Latencies - Auditory
II Target Stimulus - Latencies - Auditory

III-a Standard Stimulus - Latencies - Visual

III-b Target Stimulus - Latencies - Visual

v | Standard Stimulus - Amplitudes - Aﬁditory (Nla / Nlc)
v Standard Stimulus - Amplitudes - Auditory (Nlb-Cz)
VI Séaggérdf8€imulus - Amplitudes ~ Auditory (P2-Cz)
VII Standard and Targe£ Stimuli - Amplitudes - Auditory (PgP120)
VIII Target Stimulus -~ Amplitudes - Auditory (Nla / Nlc)

IX . Target Stimulus - Amplitudes - Auditory (Nlb-Cz)

X Target Stimulus - Amplitudes -~ Auditory (N2-Cz and N2-Pg)
- XI Target Stimulus - Amplitudes - Auditory (P3-Cz aqi_fB-Pg)
XII Target Stimulus - Amplitudes - Auditory
XIIiI Standard Stimulus - Amplitudes - Visual

XIvV Target Stimulus - Amplitudes - Visual
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TABLE I
STANDARD STIMULUS / LATENCIES / AUDITORY

4 ISI Int. N

Nla-T3 Nla-T4 Nlb-Cz' N1c-T3 Nlc-T4

152

P2-Cz PgPl20

90 1.1 90 21 R

72 75 94 129 130 197 120
Basic Aud. Paradigm (8) (12) (9). (1) (10)  (32) (19)
90 1.1 9 12R T 73 ‘@ 127 130 191 120
COMP: 3.3 s ISI . (8) (14) (8) (12) (8) (33) (24)
90 1.1 9 10R 70 72 91 124 126 187 120
COMP: 65 dB (8) (14) (8) (11) (10)  (23) (19)
90 1.1 9 10R .73 79 90 128 120 191 117
COMP: 70% standards (7) (9) 6 (14 (10)  (33) (20)
90 1.1 9 10R 77 77 96 129 132 205 117
COMP: Difficult . (8) (10) (10) 10) (12) (31) (186) -
Omitted 1.1s , '
Visual
70 1.1 9 10R 76 80 92 126 127 194 129
(8) ) (3 (12) a1 (23 (10)
70 3.3 9 12R T3 73 96 128 130 196 136
: (9 Qa7) (8) (12) (14) (14) 27
90 1.1 65 1OR 78 77 a7 132 129 195 129
{9) (9) (8) 10) 12y (31) (25)
90 1.1 .9 10R 73 70 o3 130 126 200 127
(Difficult) (7 (15) (N (12) (2) (29) (4
90 1.1 9 1R 70 69 98 130 130 204 131
(Omitted) (11) (13) 7 A0 (16)  (29) (11)
9 .65 9 10L 77 76 104 133 137 183 132
COMP: 5.0 s ISI (19  (19) (15) (22) (9) (35) (19)
Ignore
90 5.0 9 10L 88 go 117 139 136 214 141
: (6) ain - 1y (8) (6) 17) (20)
90 .65 @ 1oL 77 82 100 132 132 193 124
(Ignore) (186) (28) (11) (22) 17 (24 (29)

x2



“a

153

TABLE II
TARGET STIMULUS / LATENCIES / AUDITORY

% IST Int. N - N2-Cz N2-Pg P3-Cz P3-Pz P3-Pg SwW=Fz PgPl20

10 1.1 90 21 R 208 212 318 348 366 539 110
Basic Aud. Paradigm (20)  (13) (45) (30) (42) - (74) (22)

10 1.1 90 12R 201 213 337 358 376 525 109

CoMP: 3.3 s ISI " (11) (13) (33) {(26) (51) {74) (22)
10 1.1 90 10R 208 216 323 339 359, 504 105
CoMP: 65 aB (25) (11) (26) (28) {34) {(6l) - (26)
10 1.1 90 10R 206 211 337 353 375 534 114
COMP: 30% -targets (26) (14) {39) (32) {53) (80) (28)
10 1.1 90 1.0R 213 208 319 351 359 543 109
COMP: Difficult y (28) (12) - (36) {29) (20) {8l) (16)

Omitted l.1ls ’

Visual -

30 1.1 9 1OR 218 219 333 338 364 506 117
{24) (15) (54) (60) (33) (57) (28)

30 3.3° 90 12R 247 234 347 358 383 527 134
(35)  (29) (42) (58) (52) (64) (23)

10 1.1 65 1OR 212 214 335 345 352 507 122
(25) .(ll? (34) (30) (46) (60) (23)

10 1.1 9 10R 248 251 388 411 433 595 118

(Difficult) (30) (26) (48) {41) {55) (67) (16)
10 1.1 00 10R 227 261 382 411 493 641 146
(Qmitted) (44) (45) {45) (42) {68) (83) (40)
10 .65 90 10L 216 226 338 345 345 517 121
CoMP: 5.0 s IST (28) (25) {27) (2%5) (42) (40) (21)
' Omitted 0.65s -
Ignore

10 5.0 9 . 10L 257 251 378 394 417
(28)  (30) (51) (45) (53)

10 .65 00 10L 210 237 367 372 406
. (Omitted) (42) (42) (32) - (33) (41)

10 .65 90 10 L 237 217 341 343 362
(Ignore) (52) (12)  (42) (44)  (56)
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TABLE IIT-a

STANDARD STIMULUS / LATENCIES / VISUAL

$ ISI. Int. N Pl-Pz Nl-Pz PgPl90 P2-Cz-

5
90 1.1 — 10 145 186 190 237
< (Visual) (4) (8) (8) (27)
‘TABLE III-b

TARGET STIMULUS / LATENCIES / VISUAL

$ ISI Int. N Nl-Pz PgP197 P2-Cz N2-Cz N2-Pg P3-Cz P3-Pz P3-Pg SW-Fz

10 1.1 =— 10 185 167 230 283 279 412 | 415 436 602
{Visual) (16) (15) (18) (17} (1le) (19) (1e) (27) {(57)
AN
s \
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STANDARD STIMULUS / AMPLITUDES / AUDITORY
Nla { Nlc
3 T4 Ryl Pg2
% 15T Int, N
Nla . Nlc Nla Nlc Nla Nlc Nla Nlc
90 lcl 90 21 R —l-4 —lng -0-8 "'103 0-0 0.2 000 0-3
Basic Aud. Paradigm (0.5) (0.8) (0.7) ({0.8) (0.4) (0.5) (0.4) (0.4)
90 1.1 90 12R -1.4 -1.9 -1.1 - -1.4 -0.1 0.1 -0.1 0.3
COMP: 3.3 s ISI (0.5) (0.7) (0.5) (0.8) (0.4) (0.5) (0.4) (0.4)
90 l.l . 90 10 R "'l¢4 —107 —016 _1-0 _Onl 002 '-Oll 0-2
COMP: 65 dB (0.6) (0.7) (0.7) (0.9) (0.4) (0.4) (0.4) (0.4)
90 1.1 90 10R -1.6 =-1.6 ~0.9 <=0.9 0.0 0.2 -0.1 0.2
COMP: 70% targets (0.7) (0.5) (0.9) (0.9} (0.4) {(0.6) (0.3) (0.4)
90 1.1 90 10R -1.3 '<2.0 -0.9 1.4 0.0 0.2 0.1 0.5
COMP: Difficult (0.4) (0.8) (0.6) (0.6) (0.5) (0.6} (0.3) (0.4)
Omitted l.1ls .
Visual .
700 1.1 90 10R -1.6 =-1.8 -1.2 =1.3 -0.2 0.1 0.0 0.7
(0.5) (0.4) (0.9} (0.7) (0.7) (0.9) (0.3) (0.4)
700 3.3 90 12R -2.1 -3.1 -2,1 -2.5 —0.2 0.3 -0.2 0.6
(1.1) (1.2) (1.3) (0.9) (0.8) (1.0) "(0.4) (0.9)
90 1.1 65 10R -l.2 -1.2 -0.9 =-0.9 -0.1 0.1 0.0 0.2
. (0.4) (0.5) (0.7) (0.8) (0.4) (0.3) (0.4) {(0.6)
90 1.1 90 10R -1.5 -2.1 -0.9° -1.5 0.2 0.3 0.3 o.8
" (Difficult) (0.6) (1.0) (0.7) (0.8) (0.4) (0.5) (0.3) (0.7)
90 l-l 90 lo R —1-3 "'2.3 -lll -1-7 0-0 0'4 "'0-2 0-2
(Omitted) (0.5) (1.2) (0.7) (1.1) (0.4) (0.5) (0.3) (0.7)
90 65 9 10L -1.1 -1.2 -0.9 -1.9 — _— _— —
COMP: 5.0 s IST (0.5} (0.6) (0.4) (0.8) =— om0 @ ——
Ignore
90 5.0 90 10L =-1.9 ~2.8 =0.6 -3.2 — —  _——  __
(1.0) (1.2) (1l.6) (0.7) —  —— o
90 .65 90 10L ~-1.0 0.9 -0.8 -l.2 — @——  —
(Ignore) (0.6) (0.4) (0.7) (0.5) e  — @ —— e
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+» TABLE V
STANDARD STIMULUS / AMPLITUDES / AUDITORY
Nlb-Cz

$ ISI Int. N Fz Pz T3 T4 Pgl  Pg2

-2.7 -lol -1-0 Ool 0.2

Cz
90 1.1 90 21 R -4.6 -4,
Basic Aud. Paradigm (1.5} -(1.4) (l.1) (0.6) (0.8) (0.5) (0.3)°

7
4

90 1.1 90 12R  -4,9 ~4,8 -2.8 -1.1 -1.2 0.1 0.2
2
8

_COMP: 3.3 s 151 ' {1.1) (1.2) (1.0) (0.5) (0.7) (0.6) {0.5)
90 1.1 90 10 R -4.0 3. -2.6 «1.1 =0.8 0.2 0.2
COMP: 65 dB (L.5) (1.9) (0.9) (0.7) (0.8) (0.5) (0.3)
-90 1.1 90 10R ~4.,5 4.2 =2.6 =1.2 =l.1 0.0 0.2
coMp: 70% targets - (1.6) (1.2) (1.0) (0.7)° (0.8 (0.6) (0.3}
. 0R -4.3 4.7 =2.5 =1.2 =1.0 0.1 0.3
COMP E?uflcult (2.0) (1.5) (1.3) {0.5) (0.6) (0.6) (0.4)
tted 1.1 s
Visual

.70 1.1 90 10R -4.5 -4.1 -2.4 -l.1 -1.3 -0.2 0.2
(1.7) (1.2) (0.6) (0.7} (0.9) (0.9) (0.4)

70 3.3 9% 12R -7.5 -8.2 -4.4 -1.7 -1.9 - 0.1 0.2
(2.9) (2.7) (l.6) (1.1) (1.3) {1.3) (0.6)

80 1.1 65 10R ~3.7 -=3.7 -=2.4 -1.0 ~0.8 0.0 0.0
(1.0) (1.0) (0.5) (0.7) (0.8) (0.3) (0.4)

90 1.1 9 10R -4.4 -4.6 -2.8 -l.2 -1,0 0.3 0.5
(Difficult) (1.5) (1.5) (1.2) (0.7) (0.8) (0.6) (0.6)

9 1.1 9 10R -4.2 -4.3 -2,6 -1.2 -1.1 0.3 0.1

(Qmitted) (1.0) (1.0) (1.2) (0.8) (1.1) (0.5) (0.5)

90 .65 90 10L — 2,8 — @ e ___

COMP: 5.0 s ISI — 8 — - - - —
Ignore

90 5.0 9 10L — -8.2 —  —

-— (L5 —  —= = =

90 .65 90 10 L — 2.6 —_— _— —_— —
(Ignore) —  {1.0) S —_—

|




157
. TARLE VI
STANDARD STIMULUS / AMPLITUDES / AUDITORY
' P2—Cz*
$ ISI Int. N Fz Cz Pz T3 T4 Pgl  Pg2
90 1.1 90 21R 13 25 17 1.5 2.0 0.2 0.0
Basic Aud. Paradigm (1.4) (1.4) (1.0) (0.7) (0.7) (0.4) (0.5)
90 1.1 90 12R 1.1 23 1.5 1.5 2.0 -0.2 -0.1
COMP: 3.3 s ISI (1.5) (1.4) (0.9) (0.7) (0.7) (0.5) (0.4)
90 1.1 90 10R 20 3.0 1.8 1.3 2.1 0.0° 0.0
COMP: 65 dB (1.3) (1.2) (0:7) (0.6) (0.7) (0.4) (0.5)
90 1.1 90 10R LI 1.9 1.2 1.5 2.2 -0.1 0.1
COMP: 70% standards (1.4)  (1.2) (0.6) (0.9) (0.5) (0.5) (0.4)
90 L1 9 10R 1.6 27 2.0 1.4 2.1 -0.3 0.1
COMP: Difficult (1.0) (1.2) (1.1) (0.7) (0.6) (0.5) (0.5)
Omitted 1.1 s

Visual
70 1.1 90 10R 1.1 21 1.7 1.4 2.4 0.1 0.4
(1.8) (1.6) (1.1} (1.0) (0.9) (0.9) (0.3)
70 3.3 90 12 R 2.2 5.3 4.4 2.0 2.5 0.1 0.4
| (2.6) (2.8) (2.2) (1.3) (l.1) (0.7) (0.8)
90 1.1 65 10R 21 2.7 1.8 1.2 1.6 0.1 0.1
. (0.9) (0.9) (0.6) (0.5) (0.6) (0.3) (0.6)
90 1.1 9 10R 0.9 2.0 1.5 1.6 2.3 =0.3 -0.2
(Difficult) (0.9) (1.2) (1.2) (0.9) (0.7) (0.3) (0.7)
90 1.1 90 10R 2.1 3.5 2.5 1.9 2.1 ~0.2 —0.3
(Omitted) (1.2) (1.4) (L.7) (0.9) (0.7) (0.6) (0.6)
COMP: 5.0 s ISI —  (Ll) — - =

Ignore
90 5.0 90 10L  -— 7.4  — e o __
- (27) = — e
90 .65 90 10 L — 0.5 — —_ —
(Ignore) —  (0.8) — —_— — —_ e

* measured separately at

T3 and T4 peak latencies.

te

]
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TABLE VII

STANDARD AND TARGET STIMULI / AMPLITUDES / AUDITORY

>

PgP120

TARGET

Pgl

Pg2

Int. N Pgl Pg2

ISI

1.0
(0.6)

0.9
(1.1)

0.5 0.6
(0.4)

{0.4)

21 R

90

10t 1.1

Basic Aud. Paradigm

lIO

0.6
(1.0)

(0.5)

10t 1.1

0.9
{0.8)

0.9
{1.0)

0.6 0.6
(0.4) (0.4)

10 R

90

QMP: 65 dB

0.6 0.8 0.5 0.8
(0.5) (0.3) (1.3) (0.8)

10 R

90

1ot 1.1

CoMpP: 30% targets*

107 1.1
comp

0
(0.

0.8
(1.3)

0.4 0.7
(0.4)  (0.3)

10 R

a0
Difficult
Omitted l.1s

0.6
(0.3)

0
(0.

0.
(0.

0.4
(0.7)

10 R

90

300 1.1

0.8
(1.0)

12 R 0.9 0.9
(0.8) (0.7)
0.4

90

300 3.3

0.8
(0.5)

0.7
(0.7)

10 R 0.3
(0.4) (0.5)

65

10t 1.1

90
({Difficult)

1.0
(0.7)

0.5
{0.4}

10.R

107 1.1

1.1

§

00 10R 0.6 0.4
(0.5} (0.4)

(Omitted)

- 10t

0.4
(1.4)

0L .

Omitted 0.65s

S0
Ignore .

: 5.0 s ISI

.65

10t

1.4
(0.6)

1.2
{0.9)

5.0 9% 1oL

10t

00 10 L
(Omitted)

.65

10t

0.3
(0.5)

0.4
(0.6)

10 L

90

(Ignore)

«65

107

'\

r STANDARD

-
’

t or "90%" for STANDARD
* or "70% standards" fo
© or "?O%" for STANDARD
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TABLE VIII
TARGET STIMULUS / AMPLITUDES / AUDITORY
Nla { Nlc
T3 o Pgl Pg2
% ISI Int. N '
Nla Nlc Nla Nlc Nla Nlc Nla Nlc
10 1.1 90 21R -1.8 -3.8 ~-1,5 -3.5 -0.2 0.1 0.0 0.3
Basic Aud. Paradigm  (0.9) (4.4) (1.1) (1.6) (0.8) (1.1) (0.7} (0.7)
10 1.1 90 12R -1.8 -3.7 ~1.8 -3.2 -0.5 =0.1 -0.2 0.3
COMP: 3.3 s ISI (0.7) (1.4) (1.0) (1.3) (0.9) (1.2) .(0.6) (0.5)
10 l'l 90 10 R _2.0 -303 —103 -2.6 _'0-5 _O-l "0-5 O-l
COMP: 65 dB , (1.1) (1.5} (0.9) (1.0) (0.6) (0.9) (0.7) (0.6)
10 1.1 90 -10R -1.9 -3,6 =-1,7 -3.0 -0.2 -0.1 0.0 0.4
COMP: 30% targets (1.0) (0.8} ({l.1) (1.3) (0.8) (1.1) (0.5) - {0.7)
10 1.1 90 10R -1.8 =3.8 -1.5 -4.0 0.0 0.1 0.1 0.2
CoMP: Difficult (0.9) (1.7) (1.3) (1.2) (0.8) (l1.3) (0.6) (0.7)
Visual
30 1.1 90 "10R _-1.2 ~2.4 —0.9 -1.9 -0.2 0.1 0.0 0.4
/5 (0.6) (0.7) (0.6) (0.9) (Q.5) (0.9) (0.4) (0.4)
30 3.3 90 12 R —201 —3-6 -2-3 _200 —006 -002 _005 0.3
(1.1} (1.1) (1.6) (2.0) (1.0) (1.0)" (0.6) (1.1)
10 1.1 65 10R =-l.4 —2.1 -1.1 ~l.5 50,2 0.1 0.0 0.0
(0.4) (1.2) (1.3) (1.5) A0.6) (0.7) (0.6) (0.8}
10 1.1 90 10R -l.6 -2,1 =-1.1 =-2.5 0.2 0.4 0.5 0.9
(Difficult) (0.6) (0.8) (0.6) (l.2) (0.8) (1.1) (0.8) (0.9)
10 .65 90 10L -1.1 -1.2 0.9 -1.9  —  — .
COMP: 5.0 s ISI . (0.5) (0.6) (0.4) (0.8) — —_— —_— —
Ignore
10 5.0 90 10L -1.9 -2.8 =0.6 -3.2 _— _— - _—
(1.0) (1.2) (1.6) (0.7) ~— _ — _—
10 .65 90 10L -1.0 -0.9 -0.8 =-1.2 S— _ —
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TARGET STIMULUS / AMPLITUDES / AUDLTORY
N1b—Cz
$  ISI Int. N Fz__Cz Pz T3 T4 Pgl Pg2
10 1.1 9 21R -6.7 =-6.7 —-4.0 =2.0 —=2.4 0.0 0.2
Basic Aud. Paradigm  (2.4) (2.0) (1.7) (1.6) (1.4) (1.2) {(0.8)
10 1.1 90 12R ~6.8 —=6.5 =-3.9 =2.0 =2.2 0.5 0.0
COMP: 3.3 s ISI (1.9) (2.1) (1.7) (1.9) (1.0) (1.1} (0.6)
10 1.1. 90 10R -5.9 -5.9 3.6 =-1.8 -1.8 -0.1 -0.1
COMP: 65 dB (1.9) (2.3) (2.0) {2.1) (1l.1) (0.6) (0.8)
10 l-l 90 lO R. -6-1. _5-8 .-302 _210 -lng —0-4 0-0
COMP: 30% targets (2.0) (1.6) (1.5} (1.2} (1.0) (1.2) (0.5)
16 1.1 9 10R -7.3 -=7.6 -4.7 =2.7 -3.1 0.2 0.3
COMP: Difficult (2.8) (1.7) (1.3) (1.2) (1l.8) (1.5) (0.9)
Omitted 1.1s
Visual

30 1.1 90 10R 5.1 -4.6 -2.4 =1.3 -1.5 -0.3 O.T
(1.5) (1.0) (0.5) (0.8) (0.8) (1.0} {(0.3)
30 303 90 12 R ' —'9.2 _5-9 —3.9 -108 -2.2 -0-7 '-0-2
(2.5) (2.9) (2.0) (1.5) (l.4) (1.5) (0.8)
lO l-l 65 10 R -4.1. ""4,-0 _216 —l.l "’0-8 Ool 0-1
(L.7) (2.1) (2.0) (L.1) (1.1) (0.5) (0.6)
10 1.1 9 10R -5.1 =5.2 =2.8 <=1.6 =1.2 0.5 0.8
(Difficult) (2.3) (2.3) (2.1) (0.9) (1.3) (1.2) (1.1)
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TARGET STIMULUS / AMPLITUDES / AUDITORY

TABLE X

N2-Cz* and N2-pgT

T4 Pgl

-200

T3

Int.
90

ISI

-202

2.3
{.09)

2.0
(1.1)

=2.5
(3.0) (2.3) (1.9) (2.1)
_204 -2|2

-5.0

"'5.4
(2.4)
—5-4

21 R

1.1

Basic Aud. Paradigm

10
10

2.4
{0.8)

-2.0 2.0
(2.1) (1L.7) (1.9) (1.0)

«4
(2.8)

(2.3)

9 12 R
3.3 s ISI

1.1

coMp

-2.1
(1.6)

10 R

1.1 90
65 dB

coMp

10

1.5 2.0
(1.0) {0.8)

-1.3
(1.2)

-1.7
{1.1)

(1.8)

-1.9

(1.8)

-3-5
-5.2

(1.8)
=5.6
2

l.1 9 10R -4.2

COMP: 30% targets

10

1.8
{1.1)

1.6
(1.8)

)

-106
(2.6

-2.4
(2.4)

-2.0
(3.2) (2.9)

8}

10 R
(

Omitted 1.1s

Visual

1.1

1.1 90
Difficult

-
.

10
coMp

-loo

-6 -0-4 1.0 102
{0.8)

(1.3)

.1
(1.9)

10 R =-2.3

0

30

(0.7)

(1.3)

(1.5)

(2.0)

30 /ﬁ? 90 12R -2.0
(3.2)

10

(2.7)

65 10 R

1.1

90 10 R
(Difficult)

1.1

10

107
(1.1)

1.3
(1.2)
2.0

'-101
(1.6)
—2-0

-1.2
(2.2} (1.4)
=2.8

0.9

-1.6
{2.5)
_400

I0R -0.8
(1.7}

00
(Omitted)

1.1

90

)

2‘0
(ll?

(1.1)

(1.5)

~1.4
(4.3} (3.6) (1.5)

o4
(2.5)

90 10 L

«65
COMP: 5.0 s ISI
Omitted 0.65s

Ignore

90

Y

3.1
(2.3}

2.0

0-1 _100 2.2
(2.2)

(2.3}

1.2
(2.6)

-1.8

1.0 -
(4.1)

10L -.04
" (4.2)
""2-4

90

5.0

(3.6)

(1.5)

1.7
(1.0)

"'2.4
(1.6)

-1.4
(1.1}

(1.9)
~-1.1

(2.0)
“’i-s

65 .00 0L -2.3
(Omitted) (1.7)

90

1.3
(1.3)

1.1
(1.4)

-1.1
(1.0)

(1.7)

(2.5)

-1.8
(2.1)

90 10 L
{Ignore)

.65

90

Measured separately at T3 and T4 peak latencies.

*

t at Pgl and Pg2 electrodes only.



Pg2
-2.6
(1.7)
—201
{1.5)
-304
(1.9)
-1.2
(1.1)
-303
(1.8)
—2|7
{1.4)
—'200
(1.7)
-1.1 -
(1.3)
-1.9
{1.3)

162
Pgl
(1.6)
2.9
(1.8)
-3.1
(1.4)
-1.6
(1.6)
(2.4)
-2.5
(1.4)
(1.3)
-200 .
(1.3)
—1.04
(1.0)

_218

5.6
(2.6)
6.1
(2.6)
5.5
(2.2)
3.7
(1.4)
5,1
(2.6)
2.9
(1.6)

T4

—

5.8
(2.1)
' 5.6
(2.2)

5.8
(2.3)

506
(1.8)

2.1
(1.3)

T3

11.6
(4.2)
10.1
(3.9)
12.8
(4.4)
11.4
(3.7)
6.5
(2.9)
8.9
(3.2)

(5.2)
9.5
(4.7)
13.1
(5.5)
10.3
{3.5)
5.
(2.
10.7
(4.1)

: TABLE XI :
TARGET STIMULUS / AMPLITUDES / AUDITORY

11.5

P3-Cz* and P3-PgT

8.2

(5.1}
6.5
(4.9)
9.4
(5.4)

- 7.6
{2.0)
3.8
(3.1)
7.7
(4.7)

10 R
10 R
10 R
10 R
10 R
10 L

Omitted l.1s

Visual

l.l

N

21 R
12 R
10 R
10 R

Int.
90
90
90
90
90
90
90
65
90
00
90

Omitted 0.65s

Ignore
5.0

65 dB

l.l

{Omitted)

: 3.3 s IST
.65

1.1
1.1
1.1
1.1
3.3
l.l
l.1
(Difficult)
1.1

Basic Aud. Paradigm

10

ISI

10
CoMP: 5.0 s ISI

COMP: 30% targets

10
COMP: Difficult

coMp

10
10
10
30
30
10
10

o)

-1.3
(2.9)

-2.0
(2.6)

13,1
(5.7)

{5.4)
7.2

10 L 9.1 12.7
(6.7)

90

10

.8
(1.2)

-1.0
(1.5)

|
|

65 00 10L 4.8 8.1
(Omitted) (2.5) (2.8) (2.6)

10

(1.2)

-0.9

(1.2)

-0.5

1.3 1.8 2.0
(1.2) (1.3} (1l.2)

10 L

90

(Ignore})

.65

10

* measured separately at Pz peak lqténqy.

t at Pgl and Pg2 only.

/_,_/

(‘
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TABLE XIT
TARGET STIMULUS / AMPLITUDES / AUDITORY
SW-Fz ,

' Pang
$ ISI Int. N Fz Cz Pz T3 T4 Pgl  Pqg2
10 lol ' 90 21 R -5.8 "'2.8 0-5 _0.7 '-0.4 —0-8 "'007
Basic Aud. Paradigm  (3.1) (2.8) (3.2) (L.8) (2.1) (1.6) (1.5)
10 _lul 90 12 R _601 _21.1. 008 —009 "'0.8 —'0-6 "'0-4
COMP: 3.3 s ISI (3.5) (2.8) (3.8) (2.1) (2.6) (1.5) (1.3)
10 11 9 10R 5.9 -2.5 0.7 —0.8 -1.1 0.3 0.9
COMP: 65 dB (3.6) (2.4) (2.7) (1.6) (2.5) (1.9) (L.6)
0 1.1 90 10R ~-4.5 -1.8 0.6 -0.6 0.5 1.2  -0.7
COMP: 30% targets (2.6) (2.4) (3.7) (2.0) (l.4) (1.7) (L.4)
10 l.l 90 10 R _500 —2-7 1-2 _013 0-2 _115 _1-6
COMP: Difficult (3.3) (3.3) (2.4) (l.6) (1.2) (1.7) (2.2)

Omitted. 1.1s
Visual
30 LY 9 10R -2.7 -1.1_ o8 ~0.1 0.6 -0.7 -0.3
1 | (1.4} (L.2) (1.8) (1.1) (0.9) (0.9) (0.9)
30 33~ 90 12R -4.9 -0.9 2.9 0.7 =0.6 2.2 -2.0
(3.1) (2.5} (3.1) " (1.6) (2.3) (1.5) (1.9)
10 lol 65 lO R _5-7 ;lcg 117 -lll -0-7 '-008 —0-7
(3.9) (2.5) (2.1) (1.2) (2.7) (1.4) (L.3)
10 1.1 90 10R -4.4 -1.8 1.5 -0.2 0.3 1.2 0.7
(Difficult) (2.8) (3.5) (2.5) (l.1) (1.4) (1.4) (1.8)
10 1.1 00 10R -4.3 -3.8 -0.5 ~0.9 —p.3 0.0 0.5
(Omitted) (2.7)  (4.8) (3.9) (1.8) (1.7) (l.6) (l.2)
10 065 90 lO L -4-5 ""3.2 _0.9 T—— ———— "Ocl _0n4
COMP: 5.0 s IST (3.1) (2.6) (2.3) — — (1.8) (2.7
Omitted 0.65s
Ignore -
10 50 9 0L -5.4 -i.8 1.5 — __ 0.4 1.1
(3.9) (2.2) (2.4) — — (3.5) (5.2)
10 .65 00 101 -2.4 -0.9 1.6 — __ 0.1 1.0
(Omitted) (1.7)  (2.6) (2.5) — — (1.6) (L.1)
10 .65 90 10L -1.9 -1.5 0.5 — — 5.0 -0.3
_(Ignore) (0.8) (0.9) (0.8) — — (1.1} (L.4)

e

.



TABLE XIII

STANDARD STIMULUS / AMPLITUDES / VISUAL

Pl-Pz  Nl-Pz PgPl90  P2-Cz

FZ O.6 l.O . 1-4 3-6
(1.6) - (1.1)  (1.4)  (1.6)

Cz 0.8 0.6 1.2 4.5
(1.6)  (1.2)  (1.6)  (1.6)

Pz 1.3 0.8 -0.4 3.4
(1.3) (1.1} (1.2)  (2.1)

T3 0.4 0.2 0.5 1.8
(0.7)  (0.6)  (0.9)  (0.9)

T4 0.4 -0.2 0.1 1.8
(0.8)  (0.5)  (0.7)  (1.0)

Pgl 0.3 1.3 1.4 0.4
_ (0.3)  (0.7)  (0.7)  {0.7)
Pg2 0.3 1.2 1.4 0.2
(0.3)  (0.5) ~ (0.6)  (0.5)

l64



TABLE XIV

TARGET STIMULUS / AMPLITUDES / VISUAL

165

Nl-Cz PgP190 P2-Cz N2-Cz N2-Pg P3-Cz P3-Dy  SwFz
FZ 1.8 —— 6.6 -'009 X — 9-2 — "2.8
(2.6) —  (2.5) (1.3) —  (4.9) —  (3.8)
Cz 1.6 3.3 6.6 ~1.2 —  13.7 — 0.4
(2.4) (2.5} (2.3) (2.1) —  (&.7) — (4.1
PZ 0.4 _— 5.3 "'0.9 —— 1417 lirt— 2-8
(0.8) (2.4) (2.7) —  (3.9) —  (3.2)
T3 0.8 — 3.0 0.9 - 5.4  ——m 1.9
(0.9) —  (1.2) (1.6) ~— (2.2) —  (L.8)
T4 0.8 — 2.9  -1.0 _— 5.2 — 1.5
(1.2) ==  (2.1) (1.3) —  (Ll.5) —  (1.5)
Pgl 1.4 2.0 1.3 2.3 2.5 =2.8 -3.5 -l.2
(L.2)  (L.3)  (L.2) (L.5) (L.5) (2.0) (2.4) (L.7)
Pg2 1.4 1.9 1.4 2.5 2.7 =2.9  <3.5  -0.5
(1.2)  (L.3)  (1.3)  (2.0) (2.1) (1.6) (L.8) (2.1)




APPENDIX C: Anatomical localization of nasopharyngeal

, electrodes.



, 166

¥
FIGURE LEGENDS

Figure 1. Ldteral view of the left hemisphere. The location of

the nasopharyngeal electraode has bgén estimated.from the X-rays
‘of two different subjects. The tip of the electrodes is lgcated
approximately 0.5 cm ffom the basal surface of the temporal lobe

and about 4.5 cm below the lateral sulcus. Scale is 5/6.

Figure 2. 'Basal view of‘the braiﬂ. The locgtign of the nasopha-
' ryngeal electfodes has been estimated from the X-;ays of two
different subjects. The tip of the electrodes is located aﬁpro—
ximately 6.5 cm from the: ;ré;tallpolé in Ehe-_aﬁtero—posterior
_Qimqnsion and about _1.5 cm‘frdm midline, iaterally. Scale is

5/6.
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