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ABSTRACT

Scalp-recorded cortical potentials of four subjects 
were recorded from temporofrontal and central areas during 
speech and control tasks. Computer averaging of the brain 
potentials was carried out with respect to onset of inspira
tion and onset of phonation to determine if respiratbry- 
related potentials could have been a contaminating factor in 
previously reported pre-speech potentials. Eye artifact 
contributed significantly to summated averages of the BEG 
responses, and no pre-speech or pre-respiration potentials 
were found. Results were discussed in terms.of whether or 
not it is possible to eliminate ocular artifact from EEC . 
responses recorded during speech.



INTRODUCTION

On the basis of clinical studies of patients 
exhibiting the syndrome of aphasia resulting from brain
damage (Geschwind, 1970) and upon anatomical evidence

■(Geschwind and Levitsky, 1968), it is widely agreed that 
speech functions are lateralized to the left hemisphere in 
most subjects (Dimond and Beaumont, 1974).

Recent attempts to localize electrocortical activity 
associated with speech functions have revealed cortical
potentials in the left hemisphere occurring prior to vocalic
zation which resemble potentials preceding other movements. 
Such electrical recordings offer various advantages over 
clinical and anatomical studies in the following ways:
1) Normal subjects can be used ? 2) The procedure is non
in j urious to the subject; and 3) Recording can be accom
plished during the ongoing behavior. However, while 
recordings of EEG during speech may provide a very different 
perspective on the speech laterality question, they are 
plagued by artifactual problems. For example, brain
potentials have been found prior to controlled breathing, an
activity which accompanies the speech process (Lansing, 
.Schoepf.Lin,, Schoepf lin and Stein., .1973) . Such respiratory 
potentials may contribute to those potentials reported as 
being associated with speech itself. Thus, it is important



to re-examine the pre-speech potentials which reportedly 
occur, and their relationship to pre-breathing 
potentials.

Since Gilden, Vaughn and Costa (1966) designated the 
series of cerebral events preceding voluntary movement as 
the motor potential (Figure 1), many other investigators 
have attempted to determine the location of the generators 
of these potentials and to establish the relationship of the 
various components to the movement.

■The motor potential (MP) is comprised of three basic 
components:

1. A gradual surface negative shift beginning 
.5'sec to 2 see prior to onset of muscle 
contraction (N^), which is followed by a 
variable, small amplitude positive wave 
commencing 50-150 msec before contraction
(?!);

2. A large and abrupt negative deflection immedi
ately prior to the movement (Ng); and

3. A rising positivity beginning 50-150 msec after 
the contraction (Pg).

The form of the MP' varies depending upon the particular 
muscle contracting and upon the electrode placement; however, 
Vaughn, Costa and Ritter (1:968) found the somatotopic 
distribution to be similar to the representation revealed by 
cortical stimulation.
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4- -r

EMG

Figure 1. Representative motor potential and EMG associated with the 
movement.
Upper: MP associated with dorsiflexion of the wrist,
recorded from left Rolandic cortex. Lower: Accompanying
rectified EMG. Positive up. Calibration: 500 msec;
5 microvolts for MP only. N = 400. Adapted from Vaughn, 
Costa and Ritter (1968), Fig. 2.
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While Gilden et al. (1966) considered the term 

"motor potential" to include all three components, other 
investigators (Deecke, Scheid and Kornhuber, 1969) described 
a similar series of potential shifts preceding muscle 
contraction, but considered only the latter negativity 
(comparable to the Ng wave described by Gilden et al., 1966) 
to be the HP. The distinction was based, upon their observa
tion that the wave is the only component showing maximal 
amplitude over regions contralateral to the muscle 
contracted, whereas the initial negativity is bilaterally 
symmetrical and maximal at the vertex. Their conclusion led 
to further speculation as to the nature of the other compo
nents of the MP. Vaughn et al. (1968) suggested that the 
deflection may represent facilitatory or preparatory events 
for movement. The large negativity of Ng appears to reflect 
synaptic events associated with the movement, and the final 
positlvity of the component occurring after the movement 
(Pg) most probably reflects afferent feedback generated by 
the contraction itself (Gilden et al., 1966? Vaughn et al., 
1968). More recently, however, other workers (Gerbrandt,
Goff and Smith, 1973) have suggested that one or more of the 
MP components may be contributed to by kinesthetic feed
back.

.A slower surface negative. ,shift termed the Contingent 
Negative Variation (CNV) by Walter, Cooper, Aldridge and 
McCallum (•1964) begins prior to a muscle contraction when



that contraction is in response to a warning signal. A 
brief positive, then.negative wave is characteristically 
followed by a prolonged negative- shift Sometimes lasting 
seconds. Factors such as attention and expectancy of a 
movement or even of a mental;task or activity are highly 
correlated with full development of the CIV response, and 
more specifically with the late slow negativity (Walter 
et al., 1964; Cohen, and Walter, 1966). The phenomenon 
appears to be generated from a source located in the 
anterior region and reaches maximal negativity at the 
vertex (Cohen, 1969).

The role of anticipation and attention factors 
associated with the CNV lends credence to speculations by 
several investigators that the initial negativity of the MP 
represents the same kinds of anticipatory activity attributed 
to the CNV. Deecke et al. (1969) Claimed that, by virtue of 
its time of onset, wave form, and amplitudethe CNV closely 
resembles the N^ component of the MP which they termed the 
Readiness Potential (RP) or BereitSChaftspotential.. Both 
the RP and the CNV increase with "intentional engagement" or 
attention of the subject, and both are maximal at the vertex. 
While the RP does reach a maximum negativity on the contra
lateral hemisphere about 300 msec prior to movement, these 
authors- suggested that if stimuli•were to be•presented uni
laterally rather than in the bilateral presentation of the 
typical CNV paradigm, and if electrodes were placed at
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locations other than the midline, a lateralized CNV would be 
seen.1 . .

Following reports of MBs over cerebral motor cortex 
associated with a wide variety of movements (Vaughn et al., 
1968), our laboratory attempted to locate cortical areas for 
control of voluntary respiration movements (Lansing et al.,
1973). The available data on potential shifts reflecting 
neural activity of involved muscles prior to and during move
ments led these investigators to the hypothesis that, if MPs 
could be located prior to a respiration movement, they might 
reveal the location of cortical areas associated with 
voluntary respiration. Reverse-time averaging of controlled 
inspiration data showed what was interpreted to be an 
"average motor potential" characterized by a slow negativity 
commencing 2-4 sec prior to inspiration, followed by an 
abrupt negative potential and a large, slow positivity. This 
sequence of events reaches maximum amplitude over bilateral 
central and midfrontal regions ■»

^Conflicting opinions on this question exist. Cohen 
(1969) noted that the CNV has a smaller amplitude and a more 
limited distribution, than the MB., and is bilaterally symmet
rical, whereas the MP shows a laterality effect depending 
upon the particular muscle contracted. Most importantly, an 
impending motor response is necessary for the development of 
the MP while one is not required for the CNV. He seems to 
have generated a compromise in his speculation that the MP 
may be a special type of CNV, if one assumes that the 
"warning signal" or S-, is internalized within the subject.
It is important to note that Cohen appears to have compared 
the total MP complex to the CNV while Deecke et al. (1969) 
referred only to the initial negativity of the MP, the 
Readiness Potential.



7
Several investigators have reported potential shifts 

preceding vocalization that are similar to MPs observed 
prior to other movements. McAdam and Whitaker (1971) found 
a maximum negativity over left inferior frontal areas 
(Broca’s area) 1 see prior to speech production. Morrell 
and Salamy (1971) also reported hemispheric asymmetries, 
specifically a 40% greater average amplitude of pre-speech 
potentials under left temporoparietal leads than under 
corresponding right temporoparietal leads. Morrell and 
Huntington (1971) reported left hemispheric dominance and 
greater negativity under left temporoparietal and central 
leads than in frontal areas, the site of maximum amplitude 
found in McAdam.and Whitaker's (1971) data. Other investiga
tors, however, found no discernible hemispheric asymmetries 
associated with speech production (Grabow and Elliott,
1974).

Certainly there are many possible sources for the 
discrepant findings among studies of pre-speech potentials. 
Myogenic contamination is probably the most significant 
factor and has been examined by many authors. Eye movement 
has.consistently plagued EEG studies, even under conditions 
Of "restricted" eye movement. Vaughn et al. (1968) reported 
that any slow potentials recorded.from anterior frontal 
leads .a-re 'Subject to ocular artifact. Morrell and 
Huntington (1971) suggested that this very problem may have 
contributed to pre-speech potentials reported by McAdam and



Whitaker (1971) as reaching maximal negativity in frontal 
areas rather than in the temporoparietal regions found by 
others (Morrell and Huntington, 1971? Morrell and Salamy, 
1971). Other authors have alluded to the impossibility of 
separating lip MPs, generated in areas proximal to those 
associated with speech, from articulatory movement poten
tials (Douglass, 1968? Vaughn, 1969). Grabow and Elliott 
(1974) illustrated the importance of controlling glosso- 
kinetic artifact when they produced bilaterally asymmetrical 
potentials during vocalization as a function of tongue move
ment alone.

In addition to myogenic contamination, procedural 
differences among studies may have led to discrepancies in 
results. Some ambiguity is found as to which aspect of the 
speech behavior initiated the trigger signal for averaging 
BEG potentials in McAdam and Whitaker's (1971) experiment.
In another study (Morrell and Salamy, 1971), intersubject 
data were pooled for the analyses, a questionable procedure 
for studying the nature of MPs which appears to vary widely 
among individuals. McAdam and Whitaker (1971) eiiminated 
many data from their averaging procedures because of muscle 
contaminants, yet MOrrell and Huntington (1971) used lip EMG 
to trigger their averager, considering labial potentials an 
integral part of the initiation of certain sound. productions.

It may be said that speech is an outgrowth of the 
respiration process. Assuming that breathing is necessarily



a vital part of speech production, the question may be 
raised as to whether or not respiratory MPs., or even 
sensory feedback from muscles involved in respiration prior 
to and during the course of speaking, may contaminate speech 
results. Discrepancies which occur in speech potential 
results may be partly due to variable onset times of respira
tion and accompanying variable onset of respiratory MPs 
which may act to distort or even mask pre-speech potentials.

It was therefore the purpose of this study to 
separate potentials associated witk. actual phonation from 
those associated with respiration immediately prior to 
speech- The form, location and duration of such respiratory 
surface shifts were examined to determine if some over
lapping or obscuring of speech potentials by respiratory 
potentials has occurred in recent speech studies.

In addition, voltage, duration and location of pre-
i

speech respiratory potentials were examined, and a compari
son of these parameters was made with those of nonspeech 
breathing potentials. Regarding the relationship between 
the two behaviors, it was specifically questioned:

1. Are potentials Obtained by averaging with 
respect to initiation of inspiratory movements 
occurring during a coordinated speech task .

. different from respiratory potentials occurring 
under nonspeech conditons?

2. If so, are these potentials lateralized?
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3. Are pre-speech potentials obtained by averaging 

with respect to initiation of phonation 
different from those found by averaging with 
respect to inspiratory movements immediately 
preceding phonation?

4. Is there a laterality effect?



METHOD

Electrocortical potentials associated with speech 
production were studied for one female and three male, 
right-handed, subjects. Each was seated in an upright, 
cushioned chair in a dimly-lit room.

BEG recording was accomplished by means of bipolar 
silver disc-type electrodes. One central lead was affixed 
to the scalp 1.5 cm anterior to the vertex, a location in 
which previous research in this laboratory had revealed 
potentials associated with voluntary breathing (Lansing et 
al., 1973). Two temporofrontal leads were placed bilaterally 
11 cm inferior to the Vertex and 4 cm anterior to the inter- 
aural line, a placement corresponding to MeAdam and 
Whitaker1s (1971) method, and verified by surgical tech
niques reported by Grabow and Elliott (1974) as overlying 
the superior portion of the inferior frontal gyrus (Broca's 
area) . In addition/ an electrode was placed 1: cm superior 
to the brow and 3.5 cm to the right of the midline to 
monitor vertical eye movement. Active electrodes were 
referenced to linked earlobes, and the right mastoid served 
as ground.

A subj ect was informed only that he was partici
pating in an experiment designed to measure brain activity 
associated with processing verbal information. No mention

11
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was made of the intent to study respiration in an attempt to 
preclude his giving attention to or manipulation of the rate 
or depth of breathing. He was requested to relax, to fixate 
his gaze upon a spot on the wall in front of the chair, and 
to limit eyeblinks and other movements to a period of time 
toward the end of each vocalization.

Each subject was instructed to perform two different 
tasks. To provide a measure of speech-related breathing, a 
subject spontaneously and repeatedly pronounced a series of 
three monosyllabic words (either "dig-dog-dug", "go-get- 
gear", or "big^bag-bug"). until signalled to stop, with the 
proviso that there be a pause between each series of words. 
These words were selected because they resulted in phonemes 
with similar rise times, and were counterbalanced across 
runs. The nonspeech task served as a control for speech, 
and required that a subject exhale with three short puffs of 
air, repeating the task until signalled to stop. He was 
informed that the purpose of this condition was to simulate 
the type of verbalization produced in the speech task and, 
again, no mention was made specifically to breathing. A 
training period was used to stabilize performance in which a 
subject was asked to perform the task and to attend to 
minimizing musculature associated with articulation. Data 
were retained for analyses if a subj ect*s ,record, in general, 
showed minimal myogenic artifact, an even and stable airflow, 
and performance of the task with minimal variation.
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Each run consisted of approximately 4 min of either 

speech- or nonspeech-related breaths, and recording 
continued for a subject until a total of at least 250 epochs 
of each condition had been accumulated.2 Order of presenta
tion of the two conditions was counterbalanced across 
subjects. After the recording session, the inkwriter record 
was used to eliminate from the average those EEG epochs of 
interest during which gross artifact occurred, according to 
the following criteria;

1. Sudden high or low voltage eyel?links for a 
period of 1 sec prior to and 2 sec after onset 
of inspiration, or for 2 sec prior to onset of 
phonation.

2. Pronounced slow eye movement.
3. Blocking or overdriving of the amplifier.
4. Obvious respiration channel baseline drift.
A mouthpiece was placed over a subject's nose and 

mouth for a continuous monitor of a major portion of the air
flow through a Fleisch pneumotachograph and a Grass trans
ducer. A microphone which provided a monitor of speech, 
production on the inkwriter was placed approximately 4 cm 
forward and lateral to the mouthpiece. A voice-operated 
relay in the same location provided a trigger initiated by 
the onset of phonation.

20ne subject, R. C., had an N of 90.
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A respiratory trigger derived from onset of inspira

tory airflow was transduced by a Grass S8 stimulator from 
which a 20 msec, 4 V pulse of 2 sec delay followed. This 
signal was delivered to a 7-channel Hewlett-Packard 3907B 
tape recorder, along with the phonation trigger signal. The 
pulses were then directed to a Fabritek model 1052 computer 
of average transients for off-line analysis of the data by 
reverse playback for 2 sec preceding phonation, for 1 sec 
before and after onset of inspiration, or for 3 see before 
and 2 sec after inspiration.. A Hewlett-Packard x-y plotter . 
and write-out system provided permanent records of the 
summated BEG records.

Amplified by Grass model 7P5-.11 a.c. preamplifiers 
with a frequency response of .1-75 cycles per second (half 
amplitude), the four BEG channels, along with the. airflow 
and the phonation and respiratory trigger pulses, were 
sintultaheously recorded on a Grass model 7 polygraph and 
stored on the tape recorder.

Digital, values for the calibration signals recorded 
at the beginning and end of each experimental session were 
computed for detection of different amplifier sensitivities. 
Thus, waveform amplitudes could be determined by comparison 
with the calibration signal recorded, on the same amplifier, 
and could also be compared with signals amplified by other 
amplifiers by use of a correction factor.



RESULTS

Averaged analysis revealed great variability in 
intra- and inter-sub]ect data. No consistent evidence for 
either sensory evoked responses (Figure 2), pre-respiration, 
or pre-speech (Figures 3, 4) potentials was discernible on 
the records of the four subjects.

Eye artifact appeared to make a significant contri
bution to waveforms found in most subjects. Visual inspec
tion of the raw EEG records showed that eyeblinks are often 
coordinated in time with the onset of phonation. Even 
though apparent eyeblinks and large, slow "drifts" of the 
eye were not included in the computer averaging, the summa
tion of smaller, visually indefectible eye movements was of 
sufficient amplitude to mask any smaller respiratory or 
speech potentials which may have been present (Figures 3, 4).. 
In all subjects, eye artifact was greater during speech 
conditions than during nonspeech conditions.

One subj ect1s records showed alpha blocking which 
was maximal on the central lead about 1 sec prior to phona- 
tiOn. It was further noted that the blocking seemed to be 
correlated with onset of speech rather than with onset of 
inspiration, since the .desynohronization.occurred after the 
breath preceding speech (Figure 5). Gilden et al, (1966) 
reported pre-movement alpha blocking for other movements.

15
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Figure 2. Summated responses during speech trials illustrating prominent role of 
ocular artifact.
Average of 293 epochs 2.2 sec before and 1.7 5 sec after inspiration 
(depicted by arrow) for left temporofrental (a), right temporofrental (b),
central (c) , and eye (d) leads. Symbol at lower right (-----#------)
represents range of inspiration to phonation interval, with dot indicating H 
mean onset time of phonation. Calibration: 500 msec; 5 microvolts. m
Negative up.



Figure 3. Comparison of summated responses for speech and nonspeech trials using 
respiration trigger.
Average of 292 nonspeech epochs (left) and 270 speech epochs (right) for 
same positions as in Fig. 2. Represents .2 sec before and .9 sec after 
inspiration (indicated by arrows). Calibration: 250 msec; 5 microvolts.
Negative up.



Figure 4. Comparison of summated responses during speech averaged with respect to 
phonation or respiration.
Average of 274 phonation-triggered responses (left) and 277 respiration- 
triggered responses (right). Represents .5 sec before and .55 sec after 
mean onset time of inspiration (left) and .2 sec before and .85 sec after 
actual onset of inspiration (right, indicated by vertical arrow). Same
leads as in Fig. 2. Symbols at bottom ( e ) indicate range of the
inspiration to phonation interval with dots showing mean onset time of 
inspiration (left) and phonation (right). Calibration: 250 msec; 5
microvolts. Negative up.



G. K.

Figure 5. Alpha blocking prior to speech.-
Average of 82 phonation-triggered epochs for period of 1660-60 msec 
before phonation onset for left temporofrental (a), right temporofrontal 
(b), and central (c) leads. Dot represents mean onset of inspiration. 
Calibration: 250 msec; 5 microvolts. Negative up.

HVO
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Subj ects showed wide between-- and within-subject 

variability as to the time of initiation of speech after 
onset of the preceding breath.. The mean interval of onset * 
of inspiration to onset of phonation for each subject 
ranged from X = .77 sec to X - 1.45 sec (Figure 6).
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DISCUSSION

Although considerable effort was made to minimize 
the contribution of ocular artifact in these data, it was 
found that eye movement was probably the main source contrib
uting to the averaged scalp-recorded, potentials. Subjects 
were instructed to limit eyeblinks to the latter portion of 
a three-word speech task and to fixate upon a spot on the 
wall during the entire exercise, instructions which had 
resulted in fewer and smaller periods of eye movement than 
had other methods of eye control implemented in pilot 
studies. The additional precaution of eliminating all eye 
movements visually apparent in the raw records was taken. 
Other investigators (Grabow and Elliott, 1974) noted that 
they were unable to completely eliminate the influence of 
myogenic artifact from their data. It seems as though the 
present data also necessitate the conclusion that, if there 
are indeed speech and pre-speech respiratory potentials, 
they could not be measured because of the inability to 
remove sources of larger and more widespread contaminating 
eye movement potentials.

The wide between- and within-subject variability of 
the respiration to speech intervals raises some interesting 
points. First, it tends to discredit the idea that 
respiratory potentials may distort or mask pre-speech

22
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potentials. Respiratory potentials, if. they exist in the 
locations studied here, would not be likely to contribute a 
consistent source of error to speech - potentials because of 
the variability between the two. Second, if one assumes 
that respiratory potentials do exist, the variability in 
time of occurrence of such potentials may contribute to 
some discrepant findings among other pre-speech studies.
Since no instruction was given the present subjects as to at 
what point they should initiate speech other than to pause 
between each series of words, the interval found here may be 
considered an uncontrolled variable, apparently uncontrolled 
in other studies, also. In experiments pooling inter-subject 
data such as that of Morrell and Salamy .(1971) , then, any 
variance in speech potentials contributed by respiration 
potentials would probably be cancelled Out in the summated 
'results*. In other investigations not pooling inter-subject 
data, the presence of respiratory potentials at differing 
intervals prior to onset of speech may account for variant 
results among subjects with respect to speech potentials.

There may be several reasons why no respiratory 
potentials were revealed when data were averaged with 
• respect to onset of inspiration. First, a steady baseline 

- drift of airflow recording was noticed, which necessitated 
resetting the baseline after each run. Such a constant 
drift may have resulted in some triggering variability with 
respect to the exact time inspiration began. . This kind of
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variability could have been great enough to wash out 
respiratory potentials. Second, both the speech and the 
nonspeech control task of puffing were repetitive and dull 
and perhaps subjects gave it too little attention to result 
in "voluntary control" of breathing. Sears (1971) reported 
that at some point "sensory accommodation occurs to a 
different breathing pattern and breathing shifts back into 
the realm of 'automatic1 (p. 131)". Since a "conscious" . 
control of breathing was necessary for potentials reported 
by Lansing et al. (1973) to occur in the central region, 
perhaps the present task was an example of."automatic" or 
well learned control. Should that have been the case, it 
may not be expected that potentials would occur in a central 
location. Further, if one component (N̂ ) of the pre
respiration potentials found by Lansing et al. can be con
sidered to be a CNV, the question may be raised as to whether 
or not the task of the present study contained conditions
sufficient to elicit a CNV. Since there was no warning*
signal per se in the experimental paradigm, could the expira
tion of the immediately preceding breath have acquired 
sufficient CS properties to elicit a CNV for the upcoming 
breath? While no evidence of CNV was found here, the eye 
contaminant and possible triggering variability may have had 
effects. Should there be found a way to eliminate these 
artifacts, it would be an interesting question to pursue in 
further research.
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The lack of speech potentials found here may be 

simply attributed to one of the following: a) the source of
the speech potentials reported elsewhere may be in another 
area than that, considered in this study; b) the generator 
may be too small or buried too deeply to be picked up by 
these amplifiers; or c) the possibility must be considered 
that there are no speech potentials to be found. Unfortu
nately, this study can shed no light on the controversy 
surrounding this latter possibility.

The presence of.alpha blocking in one subject's 
record prior to speech raises an interesting point. The 
blocking was maximal at the central lead, yet,showed no 
lateralization at temporofrontal leads. If there exists a 
speech area in the left temporal lobe, could it be expected 
that there would be a greater degree of, or more widespread, 
blocking on the left hemisphere than on, presumably the 
nonspeech-involved right temporal areas'? Further, since the 
blocking is maximal in central regions, what .interconnect ions 
might there be between attention-related blocking in the 
central regions and pre-speech potentials localized on the 
left hemisphere? This issue and the extremely important 
problem of artifact contamination seem to warrant further 
clarification.
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