





Additional observations pertinent to understanding sensory-
motor aspects of palate skill are reported. The influence of an
attached electrode on Sl's skill in displacing his palate in
response to commands was studied. The attached electrode could
provide touch and pain cues to guide non-speech palate elevations.

Consequently, early in the study the judges rated S,'s palate

elevations first with the palate, ground, and referince electrodes
in place and then with them removed., Almost identical correla-
tlon coefficients between mean judgments and command values were
obtained under the two conditions (.59 with electrode and .58
without). However, under the no electrode condition, no Judges'
mean scale values of "one" were assigned and only six values of
"two"; with electrodes attached, mean scale values of "one" were
assigned eight times, A value of "two" was assigned twelve times.
Thus 1s is possible that the presence of an electrode contributed
to Sl's ability to make small palate elevations.

A further study of the influence of feedback was undertaken.
1 watched hls palate in the

mirror and then again without the mirror, Under each condition,

Peak amplitudes were measured as S

commands to elevate the palate to small, medium and large heights
were repeated fifteen times in random order. The same command
never appeared more than twice in succession, Means and standard
deviations for responses to each command value and for each con-
dition are reported in Table 4, ' Under each condition, the
subject's responses to each command value were relatively dis-
tihct from responses to the other values, However, responses
under the no mirror condition were of greater magnitude than
those obtained under the mirror condition,

For some runs, EMG data were recorded from electrodes placed

over a masseter muscle and under the chin. The former was
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TABLE 4, Means and standard deviations in microvolts for EMG
peak amplitudes for palate elevation under mirror and
no mirror conditions. RC integrating circuit time
constant was 5 milliseconds,

Command Value

Small Medlum Large
Mean S.D. Mean 3.D. Mean S.D,
Condition
Mirror 212.9 107.8 322.1 105.9 488,17 116.0
No Mirror 340,7 117.1 524,22 191.9 672.7 57.1
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sensitive to wide opening of the mouth and to mandible clench;
the latter to retraction and protrusion of the tongue. Results
obtained during non-speech palate elevatlon and during syllable
productions are reported in Table 5., Nelther subjJect produced
identifiable EMG signals in the masseter during non-speech palate
elevation, and no identifiable EMG slgnals were recorded through
the under chin electrode worn by Sl' 82 wore an electrode under
her chin during her second run. Means and standard deviations
for the potentials obtalned are reported in Table 5. These
potentials were produced at the time of termination of palate
elevation, No relationship 1s evident between these potentials
and the command values to which the subject was responding.
Greater masseter action occurred during utterances containing /a/
than during those containing /i/. This can be predicted from the
fact that /a/ requires more mouth opening than does /i/. We con-
clude that the electrode placements were sensitive to at least
some movements of the tongue and mandible and that the subjects
were able to produce palate elevations wlth no gross movement of
the tongue. 82 did usually make a tongue movement as or just
after she returned her palate to the down position.

Comparison of non-speech palate movements with movements of
a jointed structure may provide indirect information about palatal

kinesthesis, Therefore, S, was instructed to displace his finger

to seven heights in respon:e to the same cue tape used to elicilt
the palate elevations. He was not allowed to see his hand, and
while the hand was supported by an arm rest, the index finger
which was studled was positioned to the side of the rest. Thus,
the finger was not provided with touch cue information regarding
the starting point. The correlation coefficient for agreement

between the two judges rating the finger elevation was .84, and a
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coefficient of ,88 was obtained for the relationship
between mean scale values and command values. Comparison
with data in Table 3 shows that while this 1s the highest
agreement between judge values and command values obtained
in the study, it 1s not much higher than coefficients
obtalned for palate elevations, However, information ana-
lyses computed for the judges' ratings of finger displace-
ment indicated that about 1.1 bits of information were
transmitted. This figure is substantially higher than the
figure for judgments of palate elevation. The subjects can
perform as i1f they were discriminating better than two cate-
gories perfectly,

Discussion

The results of this study suggest that subjects can
learn to make voluntary palate elevations of varying size
as reflected in different amounts of EMG activity. Further-
more, observers' estimates of palate elevation agree fairly
well with EMG measures; ratings of this kind can be of
value in studying palate motor skill. |
Variability in voluntary palate elevation was comparable
to that observed during speech; palate elevations were pro-
duced promptly upon command; and the subjects were able to
move their palates with little movement of nearby structures.
These findings indicate that the voluntary palate elevations

are made with some skill, However, the information analysis
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indicated that palate elevation movements are less skilled
than finger movements under comparable conditions. Also
data from 82'3 second run suggested that palate elevation
skill decreases under fatigue. Reslstance to breakdown
under stress is indicative of the development of motor skill
on an automatic level (Fitts, 3). Whether the degree of
fatigue and discomfort experienced was sufficiently great
to interfere with skilled acts other than the palate ele-
vation under study 1s not known.

The degree of success at palate elevation demonstrated
by the subjects suggests that sensory information
about palate location is avallable to the subject. It may
be kinesthetic in nature. Awareness of muscular tension
and touch cues provided by the breath stream could also con-
tribute. The study does not suggest that somesthetic cues
comparable to those availlable for minitoring the fingers
are consciously available to gulde palate elevation, After
the study was completed, the subjects were informally asked
to demonstrate non-speech palate movements. No electrodes
were present to signal palate movement as electrode lead
brushed against the lower lip, and no trials were provided
with mirror or descriptive feedback. Under these condltions,
the subjects were not conflident that they had succeeded
in making the movements they intended. However, once they
were told that they had in fact succeeded, they could then
make a series of movements of different magnitude and do

so with confidence. Perhaps the practice trials with mirror
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or descriptive feedback that preceded experimental runs in
this study provided all the sensory information required to
produce the movements reported. Identification of kinesthesis
in the palate 1s not an easy task.

The experimenters who served as subjects formed the opinion
that a sense of response duration may have contributed to the
acquisition and development of palate elevations. If this time
sense was especlally great for responses to commands 6 and 7,
then responses to those commands would be learned first. And the
subjects did recelve the impression that they learned to pro-
duce the large palate elevations first., Large movements are
also assoclated with pain cues whereas small movements are not,
and large movements result in greater electrode lead displace-
ment across the lip and thus greater touch cues. Thus acquisi-
tion of palate elevation skill may involve learning to attend
to duration and pain cues and to use them to guide palate
movements.

The interpretation that a sense of response duration may
have contributed to response acquisition and development is
supported by the finding that action potential duration corre-
lated with judges' ratings of palate displacement. This is
further shown by data in Table 1. Mean potential amplitudes
with a large time constant agree in rank order with command
values better than mean potential amplutudes with a small
time constant., Similarly, the r between judges' mean values
and EMG peak amplitudes was larger (.77) with the large time
constant than with the small time constant (.54). The larger
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the time constant, the more sensitive the write-out is to
duration effects,

Additional efforts could be made to assess palatal
kinesthesls., Cinefluorography could be used to determine the
distance the palate 1is displaced in response to commands, Train-
ing 1iIn non-speech palate elevation could be studied for effect
on accuracy or reporting reflex elevations, The effects of sen-
sory anesthetizatlion of the palate on non-speech palate elevations
could be studied. However, attempts to use kinesthesis in therapy
for persons with palate problems does not seem warranted.

Procedures used in this study could be used in treatment
studies designed to 1nfluence subjects' speech. For example,
deaf speakers with electrodes attached to their palates could
monitor thelr palate potentials while producing speech., Perhaps
improved palate function could be established by rewarding pro-
duction of large palate action potentials, This kind of study
would require a degree of maturity on the part of the subject,

Another possible study would involve teaching non-speech
palate elevatlions to persons with palate problems. The goal
would be to see whether the tralning resulted in improved palate
function during speech. Results obtained in this study indicate
that higher action potentials were obtained for speech than for
non-speech palate elevations. This difference decreases the
probabllity that practice of non-speech elevations would con-
tribute to speech correction. There may be a qualitative differ-
ence between non-speech acts and speech acts involving the same
structures, We once noted that normal subjects were unable to

position the tongue in contact with the posterior wall of the
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pharynx on a voluntary basis although they do so automatically
during the swallow act (Shelton and Bosma, 10). Speech is
probably more effectively influenced by training procedures that

involve speech as opposed to non-speech acts (Hixon and Hardy, 7).

Flgures

Figure 1. Placement of electrodes (Photograph by Ida Nathan).

Figure 2., Placement of palate electrode (Photograph by Ida
Nathan).

Figure 3, The relationship of 3 measures of magnitude to
command values, EMG peak amplitude measures,
EMG duration measures, and judge mean scale values
obtalned for each command value. Peak and duration
measures and scale values are shown on the ordinate.
For Subject 1, peak values for the same run recording
were written out with two RC time constants., For
SubJect 2, peak data are reported for two separate

runs each with an RC time constant of 130 milliseconds.
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