VERBAL AND NON-VERBAL CEREBRAL PROCESSING

IN MAN FOR AUDITION

Thesis by

Harold W. Gordon

In Partial Pulfiliment of the Requirements
for the Degree of
Doctor of Philosophy

California Institute of Technology

Pasadena, California

1973
(Submitted November 22, 1972)



ii
Acknowledgements

Throughout the five years in which the investigations
described in this volume have been carried out, a number of people
have come and gone who deserve a great deal of credit for help and
advice in the preparation of these experiments. Two men stand out
as the most helpful and to whom I am most indebtede The first and
foremest is my professor, Roger We Sperry. It is not only a privilege
to know this man but an inspiration to work in his laboratory. I have
learned a great deal from his thoughtful advice and criticism and his
patiente. I am grateful to have such an inimitable standard with
which to compare my future research and writings.

Secondly, I owe a great deal of gratitude to Dr. Joseph E.
Bogen with whom many stimulating hours have been spent in lively
and worthwhile discussion. His criticism and advice have been an
invaluable asset to my research. Section II of this Thesis was
carried out with his collaboration.

I would like to thank Drs. Seymour Benzer, Derek Fender,
James 0lds, and Anthonie van Harreveld for serving on my Thesis
examining committee. My research and training was supported by a
National Institutes of Mental Health Grant # MH 03372 to Prof. Sperry,
and by training grants GM 86-12 and GM 02031 from the United States
Public Health Service.

I want to express fond appreciation to my wife, Karen, without
whose help I would still be analyzing data, and whose loving support

has been a joy and camfort throughout my endeavors,



iii
ABSTRACT

Hemispheric asymmetries were investigated with various auditory

techniques in several groups of subjects. The first study was a dichotic

listening experiment in which two separate musical chords were presented

gimultaneously one to each ear of right-handed males. The subjects were

required to listen to the chord stimuli and then recognize them from a
multiple choice of four chords heard immediately following the dichotic

presentation. More chords were recognized from the left ear than from
the right implying right cerebral dominance for this task. In a similar
test, dichotic presentation of melodies showed no difference between the
ears. It was hypothesized that the subjects in this case were identi-
fying the tune segments on the basis of rhythmic rather than pitch cuese.
It was suggested that the right hemisphere is superior to the left in
processing stimuli that are "non-temporal."

Musical expression was investigated in patients who had transiently
lost the function of one hemisphere following intracarotid amytal in-
jection. It was observed that after right hemisphere depressioh, singing
was devoid of pitch at a time when speech was only minimally disturbed.
Conversely, singing was much less affected than speech after left hemi-
sphere depression. This differential effect of amytal depression is sup-
portive of the idea that the right hemisphere is used for pitch control
in singing whereas the left hemisphere is used expressly for speeche.

Singing was also studied in two young patients with surgical hemi-
spherectomies for non-infantile causes. One patient who had a right
hemisphere removal with no evidence of aphasia, sang most songs poorly.
He also failed pitch discrimination tests wherein he could not distin-
guish two tones that were separated by an interval of less than one
musical stepe Another matient with a left hemispherectomy produced the
opposite results. She had great difficulties in expressive speech yet

could sing with excellent pitch control and intonation. These cases
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support the previous conclusion that the right hemisphere is necessary

for correct pitch production in singing.
| Dichotic listening studies on patients with comprlete surgical
division of the corpus callosum indicated that the right hemisphere

also had some capacity to understand and manually express verbs and
verbal commands. This was evidenced in instances where only the com-
mand presented to the left ear was manually performed at a time when
another command presented simultaneously to the right ear was the only
one that was verbally reported. The indication is that the right hemi-
sphere understood and performed the required action when the left hemi-
sphere was apparently unaware. However, it was also shown that for most
dichotic verbal tests the left hemisphere still has dominant control

over the right.

Dichotic listening studies also indicated that the left hemisphere
could separately monitor stimuli in the ipsilateral along with 8timuli
in the contralateral pathway. This was contradictory to previous con-
clusions that the contralateral pathway suppresses the ipsilateral in
dichotic competition. Response time studies carried out in these cal-
losum=sectioned patients investigated organization of the two cortical
systems that separately analyzed stimuli from the two ascending paths.

It was found that response times for repeating words to the right
ear were faster than for words in the left ear. Control tests showed
the cause of this difference was not in delay of transmission in
ascending routes, nor in differences of perception in the two systems.
It was deduced that the cause was an asymmetrical process of memory

retrieval for translation into motor impulses to the speech apparatus.
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##INTRODUC TION**

Auditory functions have asymmetrical representation in the
cerebral hemispheres as have cognitive abilities in the visual(l,2,3,
L,5) and tactual modalities(6,7,8,9). Right-left differences Are
commonly investigated by comparisons of patient groups with severe
unilateral lesions. For example, a standard auditory test is given
to patients with right hemisphere damage and their scores are com-
pared to those obtained by patients with left cerebral damagse.
Differences in scores imply differences in cerebral function. The
first experiments designed to measure right-left differences for non-
language auditory tasks were undertaken just over a decade ago where
standard musical abilities tests were administered to temporal
lobectomy patients(10). These findings were the first systematic
results indicating that the right hemisphere was superior to the
left for certain auditory functions. These were surprising at the
time since they refuted standard beliefs that music had functional
representation along with speech in the left hemisphere(11,12,13).

It is worthwhile to seek out other patient groups who are
perhaps better suited to be investigated for asymmetries of musical
and other cognitive abilities in the cerebral hemispheres. An
example of one such group of patients are those few who have had
surgical removal of the cortex of one entire hemisphere. In these
cases one can directly ask the one remaining brain half (whether it
be the left or the right) what type of functions it has retained and
which it has lost. One can ask it to speak, think, sing, laugh, cry

and do all the things two brain halves normally do. The burdem is on
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the examiner to ask the right questioms.

Whereas cases of hemlispherectomy are not frequent, there is
a number of other patients in whom it is necessary to artificially
induce symptoms of hemispherectomy, as a pre-=surgical procedure.

This is accomplished by intracarotid injection of sodium amobarbital
which has the effect of producing unilateral cerebral depression
while, at the same time, permitting concomitant functioning of the
non-injected hemisphere. The depression lasts for a few minutes
during which time certain cognitive tests can be employed to assess
the particular abilities of the non-depressed hemisphere.

Asymmetries of cerebral function may also be measured in
normals when special techniques are employed that are capable of
separating out the cognitive ability of each hemisphere. Dichotic
listening is one of these techniques, making use of the fact that
competing aural inputs to the two ears tend to induce right-left
perceptual differences that reflect asymmetries in cerebral perfor-
mance. Interpretations of these experiments are based on assumptions
that the contralateral ear-to-cortex pathway is dominant. Therefore,
when verbal tasks show asymmetry in favor of the right ear, it is
concluded that the left hemisphere is superior for those tasks(14,15).
Conversely, when verbal stimuli are used, ear dominance is found to
switch to the left ear indicating a right hemisphere superiority(16).
This technique has become an important tool for determining left~
right cortical spescialities of particular verbal and non=verbal
stimuli.,
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The transient state of hemispheric depression in patients
with intracarotid amytal and the presence of transcallosal communi-
cation in normal subjects often limits the types of investigations
that may be performed., The availability of a small population of
human subjects in whom the cross=communicating fibers have been
surgically divided for control of intractible epilepsy provides an
opportunity to avoid these problems. Dichotic listening studies,
which had previously depended on a statistical analysis to establish
ear asymmetries, now demonstrate a striking difference between the
ears in which there is a cemplete extinctioh of the non=dominant
ear(17,18). Consequently, one can assume under normmal dichotic
listening conditions that an essentially direct auditory channel
from the left ear to the right hemisphere and from the right ear to
the left hemisphere could be attained. In addition, these patients
provide. an opportunity to study ipsilateral and contralateral
auditory pathways when the responses to ear stimuli are analyzed
from only one hemisphere.

The present series of works use the above-described auditory
techniques as tools to investigate the expressive and receptive
auditory abilities that are specialized in one or the other cerebral

hemisphere of man.
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I. HEMISPHERIC ASYMMETRIES IN THE PERCEPTION OF MUSICAL CHORDS
Introduction

Interest in cerebral organization of auditory stimuli has led
to human studies on the perception and production of music and other
non=-spoken sounds. Left-right hemispheric asymmetries for verbal and
non-verbal stimuli have been found in audition just as in the visual
and tactual modalities. In general, the left hemisphere has been
concerned with verbal mediation while the right with more spatially-
oriented forms of perception. For example, visually presented non-
sense figure recognition and spatial relation tasks are performed
better by right-handed patients with unilateral left compared with
unilateral right cerebral lesions (1,2,3,4,5). Similarly, the intact
right hemisphere excels in certain tactual form and pattern recog-
nition tasks (6,7,8,9,10). In addition, demonstration of dyscopia
for forms with the right hand and dysgraphia with the left in cerebrum-
sectioned humans amplifies the left-right dichotomy of the cerebral
hemispheres for verbal and non-verbal functions (11). However, the
left hemisphere in addition to its major role in speech (12) may also
dominate in perceptual situations where verbal analysis can play a
part in the stimulus processing (13, 14).

Although participation of both hemispheres cannot be ruled out
in dealing with any non-verbal task including audition, the non-
dominant hemisphere is presently implicated as the more instrumental
for musical functions. Early conclusions of cerebral lateralization

for music had been drawn exclusively from clinical case reports.
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Some patients who suffered illnesses which resulted in severe aphasia,
one to the extent of complete speechlessness, could nevertheless
sing familiar songs or reproduce known melodies (15,16,17). Other
patients, however, whose musicilanship was known before illness
selectively lost their musical talents with little or no aphasie
disturbances (18,19,20). It must be pointed out that not all agree
on lateralization of musical functions to the right hemisphere. A
possible source for confusion, however, is the several different
aspects of music that are discussed by different authors as can be
seen in a brief review of amusia by Bogen(2l). Systematic investi-
gation for right hemisphere superiority for some musical functions
was tested by Milner(22). She found patients with left temporal
lobectomies to have significantly greater scores than those with
right temporal lobectomies on some subtests of the Seashore Test of
Musical Abilities (23), notably the Timbre and Tonal Memory. Her
work was among the first to provide a start toward the systematic
determination of particular non=verbal auditory information that is
better handled by the non-dominant hemisphere.

Further studies issuing additional insights for musical
functions were made by Kimura using the technique of dichotic
listening (24). Brief portions of Baroque melodies were played to
normal volunteers so as to set one ear against the other in a melody
recognition taske It was found that more selections were correctly
chosen from those that had been played to the left ear. The con-
clusion supports a superiority of the right hemisrthere for melody

recognition since binaural stimulus rivalry causes the contralateral
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auditory pathways en route to the higher brain centers to dominate,
thereby suppressing information in the ipsilateral ear=to=cortex
projection(25,26)s The hemispheric asymmetry has been substantiated
with orchestrated melodies in patients with unilateral temporal
lobectomies by Shankweiler(27). In his study, patients with their
right temporal lobes removed were significantly inferior in dichotic
melody recognition to those with left lobectomies. However, for
verbal material (digits) also presented dichotically, the absence
of the left temporal lobe produced the greatest deficit.

The present study focuses on the more elemental aspects of
orchestral melodies that might have caused the lateralization effect
in previous dichotic listening work. Accordingly, two tests of
musical functions were devised so that melody and rhythm were sep=-
arated from timbre and chordal qualities. The first test consisted
of melodies played on a recorder-—an instrument with a whistle=like
tone largely devoid of timbre and chordal variation. These latter
aspects were diverted to the second test where the dichotic stimuli
consisted entirely of chords prepared from an elaectric organ rich
in overtones for timbre quality. It was hypothesized that dividing
the notable characteristics of orchestral melodies into separate
tests, a more precise statement of musical lateralization could be

madee.
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Material and Methods

Subjects

The subjects were 20 male college students with an average age
of 19 years and I.Q. estimated to be above 120, They were members
of performing musical organizations but were told initially that
they must be right-handed and have no known hearing defects in spite
of their musical abilities. Beyond these clues they had no previous

knowledge of the purpose of the studye.

Testing Procedures

The testing session consisted of three auditory tests and the
Harris Tests of lLateral Dominance (28), all of which were administered
to‘the subjects on an individual basis. Each subject received the
auditory tests in a single one hour session that included several
brief rest periods. They knew they were to receive a monetary com-
pensation based on their test performance. The tests for lateral
dominance were administered after the auditory test session in most
cases.

Digits Test

Using the techniques of Broadbent(29) with Kimura's modifications
(30), two sets of digits were presented dichotically--one set to each
ear through stereo headphones. Each set contained three of the num-
bers, 1 through 9, played in succession but separated by O,S second
intervals (Pig. I-=la). The two sets competed such that the first
digit heard by one ear occurred simultaneously with the first digit

heard by the other ear, and so on for each of the digits. A total
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of 6 digits (or 3 simultaneous pairs) were presented in any one
triale. After each trial sufficient time was allowed for the subject
to write down, in any order, as many of the digits as he could remem-
ber. There were a total of 30 trials and the same digit did not
appear more than once during a single trial. Half of the subjects
started with the left stereo headphone on the left ear and the right
headphame on the right ear; the other half started in the opposite
positions. After the 15th trial the headphones were reversed in
all subjects.
Melodies Test

Eighty melodies were chosen from Baroque literature or obscure
dances and were taped with a Sony Model 350 stereo tape deck using
a soprano or alto recorder. The melodies were four-bar motifs with
the tempos arranged so that each melody would be 4 seconds in duration.
After a warning signal of two binaural tones, two of the melodies
matched for rhythm and pitch range, were then played binaurally in
succession after the dichotic melodies, but were separated by
3-second intervals (Fig. I-1b). The subject was to select the
original two melodies from the four choices and indicate them by
checking two corresponding boxes on an answer sheet. There was a
total of 20 trials preceded by 2 praetice trials., The starting
positions of the headphones were the same for the subjects as in the
Digits Test. The headphones were reversed after the 10th trial.
Chords Test

This test was administered exactly like the Melodies Test but

with four exceptions. These were: 1) chords instead of melodies,
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2) no warning signals, 3) four (rather than 2) practice trials, and
L) 2-second (rather than 4-second) stimulus durations. Also, there
was a total of 40 trials divided into 4 sets of 10. Each chord
was recorded from an electric organ and consisted of four tones:
the tonic, 3rd, 5th, and either the octave or the 7th.s The tones
were not played as an arpeggio but all four sounded at once. The
toniéé for the four chords in any one trial were chosen so that any
two had the smallest possible interval, but also that the two dichotic
chords followed these criteria. Set I: Only major chords were used
but none of the four tones in one chord matched any of the four tones
in the other; Set II: None of the four tones of either chord
matched, but both major and minor chords were used; Set III: Two
of the tones of the dichotic chords were the same; Set IV: The
dichotic chords were made up of two of the following four forms of
the same chord: 1) major, 2) minor, 3) major 7th or 4) minor 7th.
The pattern of recognition and selection followed the form of the
Melodies Test where the two correct chords were selected from four
choices and indicated on an answer sheet(Fig. I-lc). The subjects
started with the headphones as they had in the previbus two tests,
reversing them after Set II.

The three auditory tests were given in two sequences: Digits-
Melodies=Chords or Melodies-Digits-Chords, with half of the subjects
taking the sequence in the first order and half in the second. The
tests were scored at the end of the auditory test session and pay-

ments were made at that time.



a.Digits

b. Melodies

¢.Chords s

Figure I-1: Diagrammatic description of auditory tests. a. Digits:
Three simultaneous pairs of numbers; b. Melodies: First,
warning tones; then, a pair of melodies played simultaneously;
finally, four binaural melodies; c¢. Chords: First, a pair of

chords played simultaneously; then four binaural chords.
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Results

Each of the subjects was found to be right-=handed, footed, and

eyed by the Harris Test of Lateral Dominance. The scores of the
group who took the Digits Test before the Melodies Test were indis-
tinguishable statistically from those of the group who took the tests
in the reverse order (p > 0.10). Thus all subjects are considered
together in the comparisons that follow.

TABLE I-1

Left-Right Mean Differences for the Auditory Tests

Means (% correct)

(Prob. of obtaining this score or more) t*
Test Left Ear Right Ear (df = 19) P
Digits  85.0 (94e5%) 86.35 (96%) ~1.59 Ng*¥
(p <0.001) (p <0.001)
Melodies  15.5 (77.5%) 1447 (73.5%) 1.01 NS*H*
(p <0.01) (p <0.03)
Chords 28.35 (71%) 25,05 (63%) 2.738 <0.02
(p <0.01) (p <0.05)

*A negative t indicates a larger mean score for the right ear.

**NS = not significant (p> 0.10)

The mean scores for the left and right ears were compared for
each auditory test with the Student's t Test for correlated means.
The results are presented in Table I. It is clearly seen that the

Digits Test shows a higher mean score for the right ear, but fails
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to be statistically significant. Although the left ear was slightly
favored, the mean scores for the two ears in the Melodies Test were
nearly the same, highlighting a statistical lack of superiority for
either ear. The Chords Test, on the other hand, reveals a significant
left=right difference between the mean ear scores. Comparisons of
the two means by Student's t Test allows us to conclude with less
than 2% uncertainty that the left ear is better than the right.
Actually the scores for the right ear for this test do not sig-
nificantly differ from a chance level (p >0.05), while the left
ear scores do (p <0.01). Indeed, not only do the left-right scores
differ significantly from each other but only one ear, the left, is
able to perform the task at all.

The superiority of the left ear in the Chords Test is even
more striking when considering the number of subjects who demonstrated
the effect. Seventeen out of 20 subjects had higher scores for chords
presented to their left ear while only three preferred chords in
their right ear. This distribution of subjects could occur by chance
less than 3 of 1% of the time. In contrast for the Melodies Test,
10 subjects showed a right ear preference, 9 preferred the left ear
and one showed no difference. This result is exactly what one would
expect from a chance distribution. For the Digits Test, the distri-
bution was 13 subjects with a right ear preference, 5 with a left
ear preference, and 2 subjects showed no difference. This distri-
bution was only significant at the 10% level. These comparisons are

summarized in Table I=2.
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TABLE I=2

Ear Preferences for the Auditory Tests

Subjects better in:

Jest Left BEar Right Far Neither Ear P
Digits 5 13 2 < 0.10

Melodies 10 9 1 NS
Chords 17 3 0 <0.005

It was observed that the subjects generally improved their

scores during the second half of each test.

Although this was attri-

buted in part to differential test difficulties, practice effect was

also suspectede.

An interesting aspect of the score changes, however,

would be an asymmetrical increase (or decrease) in performance of

one ear versus the other,

Using the Student's t Test, the means for

the first and second parts of each test were compared for each ear

separately.

The results are presented in Table I=3.

The left ear

shows significant improvement in the Chords Test only, and little

change in the other tests.

are evident for the right ear.

Only non-significant improvement trends

It appears that on the one test where

a statistically significant left-right difference occurred, a sig-

nificant improvement was also shown for the superior ear.
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TABLE I=-3

Mean Score Comparisons of Part 2 to Part 1 for Each Ear

Test Left Ear Right Far
Digits # = 1.48 t = =1,82
Part 1 vs. Part 2 (p > 0.10) (0,08 > p > 0.07)
Melodies t = =1.53 t = =2,03
Part 1 vs. Part 2 (p > 0.10) (0,06 > p > 0.05)
Chords t = "'20[&8 t = "1098

Sets I+II vs. Sets III+IV  (0.04 > p > 0.03)  (0.07 > p> 0.06)

#A positive t indicates Part 1 to have a higher mean score than Part 2,

Discussion

Only the Chords Test resulted in any significant left-right
differences in ear performance. As had been shown for melodies in
earlier work, the left ear exceeded the right in recognizing chords
that had been played dichotically. Surprisingly, however, the present
Melodies Test failed to follow this pattern. Neither ear exhibited a
superior performance which is a result that not only conflicts with
the Chords Test but also with previous conclusions that the left ear,
and thus the right hemisphere, is superior for melody recognition.
It is apparent that caution must now govern assignment of musical
functions to the right hemisphere.

These tests were constructed with the idea that each would pro-

vide unique musical characteristics to serve as cues for subjects
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to select the dichotic stimuli from a group of multiple choice
possibilities. The characteristics were chosen to be common sub-
divisions of musical function. To the extent that these are natural
with respect to distinct musical brain functions is an open question.
The following analysis will help shed light on asymmetrical hemi-
spheric function for musical and other non=verbal auditory stimuli.

The Melodies Test contained two musical qualities: Rhythm
patterns and pitch variations. Either or both of these could have
been used as cues to distinguish the individual melodies. Timbre
was virtually excluded by the whistle=like sound of the recorder;
and other musical features, such as loudness were controlled.

On the other hand, the Chords Test excluded all temporal aspects
of music. The unique qualities of the chords were simply the pitch
differences of one chord compared to another, or perhaps more properly,
the pattern of pitches peculiar to a given chord contrasted with the
pitch pattern of another. Also present wére rich tonal qualities and
timbre although it was hard to determine whether these provided
unique cues for each chord,.

These test analyses propose two distinct cues for the Melodies:
rhythm, and pitch--temporal, and non-temporal qualities, respectively;
and essentially one cue, pitch or pitch patterns, for distinguishing
the Chords. If we assume for the moment that pitch is the determining
factor in the Melodies Test, then it must be qualitatively different
from the pitch discrimination in the Chords Test to explain the con-

flicting results of the two tests. The most likely source of this
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difference is the contrast between the simple tone-to=tone pitch
variations of the melodic line and the "pattern" of pitches produced
by the chords. If this be the case, it follows that hemispheric
asymmetry could be demonstrated for the latter but not the former
typé of pitch discriminations This argument is weakened considerably
by the superior ability of the subjects with intact right hemispheres
making tone-to-tone comparisons in Milner's lobectany studies with
the Tonal Memory Subtest of the Seashore Tests of Musical Ability.
Milner's evidence strongly suggests that the present subjects should
have demonstrated a cerebral asymmetry if they had used pitch vari-
ations to discriminate the melodies.

Since there was no asymmetry, it seems likely that non-superior=
ity of either ear in the Melodies Test is due primarily to the
rhythmic aspect rather than any qualitative pitch differences. That
is, the subjects were able to select the correct melodies by noting
the rhythmic patterns unique to each of the dichotic pair rather
than the variations in pitch. The equal performance of the two ears
suggests the bilaterality of rhythmic function.

Bilaterality of rhythm is supported by the temporal lobecto-
mized patients' performance on the Seashore Test(22). Contrary to
superiority of the left lobectomized patients (right hemispheres
intact) in the Tonal Memory Subtest, the Rhythm Subtest showed no
difference between the left and right lobectomized groups. More
recent work by C. Darwin(31) further substantiates cerebral asymmetry

for perception of tonal differences. He obtains a left ear superiority
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for discrimination of the successive tones that formed ''shapes"
such as ascending or descending lines, or-'Vees'.

In still another study, patients were injected with sodium
amobarbital such that their right hemispheres were momentarily
depressed for clinical tests(32, and Section II). Under this con=-
dition, attempts at singing revealed gross melodic disturbances with
little loss in rhythmic sense. This emphasized the important presence
of rhythmic function in the left hemisphere.

It was suggested (33) that lateralization of rhythm to the
left hemisphere might also account for the results on the Melodies
Test. That is, a predominance of rhythmic function in the left
hemisphere could produce the observed results and confound the con-
clusions. The subjects would recognize unique rhythms in some trials
and unique melodic changes in others so that the overall performance
would show no asymmetry. This scheme would have to be followed ran-
domly since no specific trials consistently favored one ear. That is,
selection of the rhythm aspect or pitch was a random choice of the
subject and not a function of particular trial melodies. Further
investigation of this question is needed=-perhaps using variable
rhythm with constant pitch variation, and variable pitches with con-
stant rhythms. At this point, however, the bilateral rhythm hypothesis
seems the most attractive.

We conclude that the present subjects chose to use the rhythmic
cues in the melodies and not the pitch changes to perform the dis-

crimination task. The reason for this is not clear. Subjectively,
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it might be expected that the use of the recorder rather than tone-
rich orchestral instruments produced sounds in which rhythms were
more striking and the pitch changes more subtle, A comment by one
of the subjects supports this notion. The subject was one of the
few who complained that the dichotic melodies were very difficult
compared to the chords. His remark is significant in that he is a
percussionist who is particularly attentive to rhythms and auto-
matically used these as the important cues. The proposed bilaterality
of rhythm caused both hemispheres to be in conflict, making the task
particularly difficult and confusing for this subject. Other sub-
jects probably experienced this conflict but were normally less con-
cerned with rhythm and therefore less disturbed.

When in a single trial, the rivalry between the melodies
resulted in only a single correct response, the chosen melody could
equally well have come from either the left or right ear. In contrast,
rivalry in the dichotic chords resulted in correct answers most often
from the left ear implicating right hemispheric superiority.

Although ease.of the Digits Test for these subjects resulted in
scores that were too high to show a statistically significant deficit
for the left ear, the strong right ear trend supports previous reports
of right ear superiority for verbal material. On the other hand, the
scores for the Melodies Test were not remarkably high, so the non-
significance of the mean differences, in spite of a small left ear
bias, must be attributed to factors other than bilaterally good per-
formance. Attention primarily to rhythmic cues with either ear serves

as the hypothesis in this Section to illustrate the point. The Chords
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Test was the most difficult for the subjects and yet distinguished
most clearly a superior left ear. Indeed, comparison of performances
between the first and last halves of the test indicated the left ear
improved more readily than the right. This may reflect a greater
ability for the right hemisphere to learn, in addition to perceive
and recognize, chordal stimuli. The dichotic listening technique
cannot be expected to separate the functioning of the cerebral hemi-
spheres in normal subjects as completely as in patients in whom the
neo-commissures have been surgically divided(34), but demanding tests
such as the present Chords Test results in statistical differences
in ear performance of auditory tasks from which implications of
functional lateralization and organization of the cerebral hemispheres

are drawne.



-20-
II. CEREBRAL LATERALIZATION OF SINGING

AFTER INTRACAROTID SODIUM AMOBARBITAL
(in collaboration with Dr. J.E. Bogen)

Introduction

Musical expression in patients with cortical lesions has been
discussed in a number of clinical reports. The accounts are largely
anecdotal since they are presented primarily as a contrast to con=-
comitant disturbances of language and speechs One of the earliest
examples, published in 1745(1), is a description of a 33-year-old
man who, after a sudden right hemiplegia, found himself unable to
utter any word except, "yes'. Nevertheless, it was stated that he could

".eesing certain hymns which he had learned before he became
ill, as clearly and distinctly as any healthy person.™

This account typifies many such cases subsequently published where
left hemisphere damage produced deficits in speech, not accompanied
by disturbances of singing, instrument playing, or other musical
abilities(2,3)

Lesions in the right hemisphere have conversely produced ma jor
deficits in music skills while speech was largely unaffected(4,5,6,7).
One recent case(4) was a musically talented man who was operated for
a tumor in the right hemisphere. Subsequent to surgery he not only
failed consistently to sing songs that he had previously known quite
well, but also lost his ability to correctly imitate single intervals
or short tunes. In contrast, speech disturbances were mild and
temporarye.

Not all cases of aphasia without amusia, or of amusia without
aphasia were sufficiently clear=cut to characterize music ability as

a functional capacity of either the left or right hemisphere alone(3,8).
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Speech disturbances were noted along with musical dysfunction in some
patients; lesions were often diffuse or poorly defined. Also, the
question of functional compensation or cerebral reorganization in
non-damaged cortex was an undeterminable factore.

The lateralization of musical functions was first studied
systematically by Milner(9). She found deficits in tonal memory and
timbre in patients who had had right but not left temporal lobectomies.
Other studies including dichotic listening on normals(10,1)as well as
on brain-damaged patients(12,13) have also demonstrated right hemisphere
lateralization of musical perception.

Systematic studies of musical expression rarely have been
reporteds A renowned camposer continued to produce musical master-
pieces after a vascular accident in the left hemisphere which had
rendered him severly aphasic(14). Singing was observed in another
case of a 4b-year-old man whose left (dominant for speech) hemisphere
was surgically removed because of a recurrent tumor(15,16,17). In
this patient, good melodic quality and articulation were described
in spite of greatly impaired speech. Two other hemispherectomy
cases are supportive of these observations. (See Section III-A) The
first is a young adolescent female whose excised dominant hemisphere
produced moderately impaired speech which at the same time did not
apparently affect her singing ability. The second patient is a young
adolescent male who had a non=-dominant hemispherectomy. He spoke very
well but could not carry a tune except in simple songs with which he

was most familiar (e.g. "Happy Birthday"). The notion that the right

hemisphere is dominant for certain musical functions is supported by
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the observations on these patients but not conclusive since pre-
operative investigations were not carried out.

Some of the uncertainties surrounding the data from surgical
hemispherectomies, or lateralized ablation in general, can be
eliminated by a systematic study of patients with transient, re-
versible inactivation of one cerebral hemisphere. This condition
is induced by intracarotid injections of sodium amobarbital(amytal)
in order to determine hemispheric lateralization of speech where
left-right contributions are in doubt(18). The amytal acts almost
instantaneously to depress most, if not all, hemispheric functions
on one side for a period of 3=5 minutes, during which time the non-
injected hemisphere operates on its own--seeing, hearing, feeling,
and controlling the muscles on the contralateral side of the body=-
not unlike the usual behavior after a surgical hemispherectomy.
Speech lateralization can be confirmed if, after injection into one
artery, the patient continues to speak, whereas injection into the
other artery produces speech arrest.

Once speech lateralization is established, there is usually
some time remaining before recovery during which one can examine
other functions including singing(19). If the observations from the
surgical hemispherectomy cases are indicative, one would expect to
observe ma jor disturbances in singing and mild disturbances in speech
after right hemisphere depression and the reverse after left depressim.

Our results followed this model but with some unexpected qualifications.
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Subjects and Procedure

The subjects were eight epileptic patients who were candidates
for major brain surgery and in whom it was necessary to determine the
contribution of the cerebral hemispheres to speech. All patients had
right carotid artery injections which maximally depressed the right
hemisphere but not the left. Five were also injected in the left
carotid artery. at least two days after the right-sided injection. *

The examination period commenced with injection of sodium amo=-
barbital and terminated minutes later with patient's recovery from
hemiplegia. Hemispheric dysfunction was indicated by contralateral
flacecidity and lack of response to verbal command in the paralyzed
limbs. Unilateral depression was also accompanied by eye deviation
to the injected side and by general drowsiness,

Throughout the session speech samples were recorded in which the
patients repeated words and phrases or answered questions. Compre-
hension was also tested by requesting performance of simple motor acts
(e.ge. clenching and unclenching the fist, extending a finger, etc.)
with the non-paralyzed limbs. The same protocol was not followed in
each case since testing material depended on the specific responses
of the patient.

Singing was induced by verbal request of the title of songs
familiar to the patient. Usually, the examiner would also start to
sing the first few bars to facilitate the response. The patient was
encouraged to sing the song without worry about his vocal performahce
and with assurance that his best try would be sufficient.

#A11 injections were performed by Dr. J.E. Bogen and staffs of the White
Memorial Medical Center, Los Angeles, and Rancho Los Amigos Hospital.
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A pre-examination session commenced just prior to introduction
of sodium amobarbital but subsequent to insertion of the needle into
the carotid artery. During this period, the patient became acquainted
with the test material. He was asked to state his name, the date, and
to repeat several words and sentences. These were recorded on audio
tape and used as baseline speech samples to which the future test
material, to be presented during hemispheric depression, could be
compared. The patient then sang songs with which he was familiar;
these were also recorded for later comparison. The pre-—examination
terminated when the patient was comfortable with the test situation
and acquainted with the test material.

In preparation for amytal injection the patient was positioned
on his back with his knees drawn up and arms raised straight above
his chest. He started to count aloud slowly (1,2,3,...) and, at
the same time, to clench and unclench his fists. The sodium amobar=
bital (usually 200 mg in 10% solution) was injected in a period of
1-2 seconds; almost immediately the contralateral arm and leg relaxed
to a flaccid state while the ipsilateral limbs remained strong and
active.

The behavioral testing procedure described for the pre-exami-
nation session was now repeated during the depressed state of one hemi-
sphere. The patient was asked to state his name, the date, and to
repeat a few words and phrases. Commands such as "Make a fist,"
"Wiggle your toes,™ or "Stick out your thumb,® were requested verbally
or by demonstration and were designed to test comprehension and motor

control through use of limb movements. Finally, the examiner stated
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the title or sang a few bars of the songs that were practiced during
the pre-=injection period until the patient started singing. The
patient was usually encouraged to complete the song using only
"la, la, la,e.." instead of words, concentrating mainly on the melody.

Repeated checking of the responsiveness of the flaccid limbs
provided an indication of the level of hemispheric dysfunction. As
long as unilateral depression was observed, the motor, speech, and
singing responses were primarily controlled by the non-injected hemi-
sphere. Once the previously paralyzed limbs could move, either spon-
taneously or to cammand, the final examples of speaking and singing
were recorded and the examination was terminated. The time course

of events during the session was transcribed and analyzed.

Results

General: Right-Left Contrasts

Singing was more impaired than speech after amytal depression of
the right hemisphere. Melodic deficits were characterized by striking
absence of tonal control resulting in monotonic renderings of the
songs. Appropriately timed changes of pitch were present as singing
improved, but these were grossly inaccurate. Presumably the patients
had a mental concept of the proper pitch modulations but could not
properly control the necessary singing muscles. Rhythm, on the other
hand, was much less affected and songs could be recognized on the
basis of their musical cadence. The patients were also able to
recognize the songs sung by the examiner and, in addition, hear the

results of their own poor efforts. One patient, when asked how his
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singing sounded, replied, '"Very groggy.'" Another complained after
her performance that her "...throat feels like a watermelon."

Notwithstanding the impairment to melodic singing, speech pro=-
duction and language comprehension were preserved. The patients
could recite the days of the week, make up novel sentences when given
a key word, or answer questions such as '"What day is today?" and
"What is three plus five?" The patients spoke not only with clarity
but also with correct phonetic pitch and stress. The only consistent
deficit was a slurring of words and thickening of speech as would be
seen with an intravenous dosage of amobarbital.

After left carotid injection, speech was considerably more
affected than singing. At a time when only single words could be
spoken, songs could be sung with clearly recognizable pitch and
rhythm qualities. Although not perfect, these samples were noticeably
better than singing at comparable times after right carotid in-
Jection. The relatively small loss in singing compared to major ime
pairments of speech after left carotid injection stands in marked
contrast to a great loss of singing and mild disturbances of speech
after right injection. This dichotomy indicates that the cortical
effect of sodium amobarbital is not simply a paralysis of the vocal
apparatus or its neural control.

An unexpected observation was that no recognizable singing
samples could be obtained before at least one word was elicited.
Since the patients were mute after left carotid amobarbital injection,
neither épeech nor singing were heard for several minutes. However,

as soon as a single word was spoken, singing rapidly improved. In
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contrast, speech recovery was slow, sometimes taking an additional
few minutes before any more words were uttered.

Transcriptions of the testing sessions which depict protocols
of the examinations following intracarotid injectian are presented
in Figures II-l - IJ-6., The first appearances and relative rates of
recovery for both singing and speech can be observed directly from
fhe time scale. Since the sodium amobarbital had different effects

on each patient, care must be taken with inter=patient comparisons.

Detailed Observations: Right Carotid Injection

Right carotid injection of sodium amobarbital produced severely
deficient singing in seven of the eight patients considered in this
report. Three of these, M.K., C.B., and D.sM., 8ang upon request
within the first 90 seconds of hemispheric depression, but their
performances were characteristically monotonic. C.B. was allowed to
use words instead of "la, la, la,es." with the result that she sang
without melody but said every word correctly. It was apparent,
however, that the patients had some general idea of how the melody
of the songs should sound. Some would try to change the pitch of
their voice at appropriate times, but would not succeed in giving a
correct rendering of successive tone intervals. Rhythm, on the other
hand seemed unaffected though samewhat slowed. Verbal comprehension
in these three patients was excellent. Each could follow spoken
instructions or answer questions with relative ease. Speech was
generally intelligible and well-articulated except for socme presence

of dysarthria. Prosody and phonetic stress were within normal limits.
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Four patients, N.Fe., PeEs, LeHs, and BeK., did not sing at all
for several minutes following right amytal injection in spite of
examiner's repeated requests and singing demonstrations. Two of
these, No.F. and P.E., were talking and answering questions, but when
asked to sing: P.E. said she could not, inappropriately remarking
how nervous she had been all day; N.F. also ignored the request.
(See Figures II-1 and II-3.) It was not until 2% to 3 minutes after
onset of hemiparesis before any singing could be elicited from either
patient. By this time the melody was fairly good but, at the same
time, voluntary movement in the paralyzed limbs was observed indi-
cating recovery of the depressed right hemisphere.

L.He. and B.K. were neither responsive to singing nor to verbal
command for several minutes. B.K. spoke her first word five minutes
after amytal injection but would not sing in spite of repeated requests
to do so, until an additional five minutes had passed. (See Figure
II-5.) Her renditions of "Happy Birthday" and '"Merry Widow Waltz]' at
this time, were completely devoid of melodic quality. There was little
or no variation in pitch although she produced generally correct
rhythmic patterns. Speech, on the other hand, had pretty well re-
turned to normal such that B.K. was capable of maintaining a meaning-
ful conversation, easily answering questions, and carrying out verbal
commands with the non-paralyzed limbs. After another two minutes,
singing fully returned to normal along with recovery from left
herniparalysis o

LeHes performed correct limb movements to verbal command but

did not say her first word until four minutes after injection. Once
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she started to speak, however, she was able to carry on a conver-
sation quite well., Singing was amelodic at first but slowly improved
until 63 minutes after injection when she sang fairly well in spite
of a flaccid left arm. (See Figure II-4)

The one patient, P.D., whose singing was not impaired after
right carotid injection was strongly left-handed. Also, the usual
dosage of amobarbital failed to produce complete depression of the
right hemisphere as evidence by persisting movements of the left limbs,
Therefore, it was difficult to draw conclusions from this session.

(See Figure I1I-6.)

Left Carotid Injection:

Speech could not be obtained for several minutes in four of the
five patients injected with amytal in the left carotid artery. It
was also true that singing did not occur during the entire period
of speech arrest. However in one case, P.E., concentrated attempts
were being made to sing at least two minutes before similar attempts
to speak. (See Figure.II-B.) She made vocal attempts to mimic the
examiner's demonstration of singing. This was remarkable since she
exhibited no visible or audible reaction to repeated requests to say,
"res" or '"hello" during the same period of time. Her "singing" im-
proved to a level that could be vaguely recognized as a specific song,
just before she was able to say her name. But it was not before she
could repeat another word or two before a clearly recognizable melody
was produced. Speech continued to return slowly while singing

recovered more rapidly. It was not until well after her singing
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returned to pre-injection levels that P.E. was able to converse
comfortably.

B.K. was unresponsive for an unusually long time, showing
little behavior beyond wincing and withdrawing from painful stimuli,
(See Figure 11-5.) The first sign of recovery was reﬁetition,upon
request, of the word, "yes," 8% minutes after amytal injection.
Almost immediately she sang two songs with clearly recognizable melody.
Additional speech could not be elicited. When asked the date after
singing the second song she could only mumble. In answer to another
question, she said something that sounded like "seven-dovey" or per-
haps, "seventy-three.” She still could repeat the word, 'yes," but
it was a full two minutes after singing the second song before she
repeated additional words on request. In fact, word repetition was
all she could do for two minutes. When asked a question, she would
repeat part of the question rather than answer it. It was not until
14 minutes after amytal injection or more than 5 minutes after she
spoke her first word that speech approached normalcy.

It should be emphasized that speech in this patient started to
return only 5 minutes after right carotid injection while attempts
at singing did not appear until 10 minutes. In contrast, she sang
less than 9 minutes after left carotid injection but did not speak
‘a word besides, '"yes,'" until 12 minutes after injection. Detectable
signs of voluntary movement of the right limbs occurred about the
time of the first signs of speech (10-12 minutes) but good control
did not occur until much later. It is notable that general recovery

including speech was longer after left-sided injection than after
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right in this patient, but recovery of singing was strikingly shorter.

No singing or speech was elicited from Le.H. although her right
1imbs seemed strong and able to move in a coordinated manner. (See
Figure II-4.) The movements were not performed either to verbal com-
mand or to demonstration even though the patient was looking at the
examiner's hand. She said her first word 63 minutes after injection
and did not sing until just after that time. Her first attempt to

sing was as good as her pre-examination sample which was essentially

errorless. The melody was far superior to her first attempt to sing
after right carotid injection and slightly better than her last
attempt; the latter occurred about 64=7 minutes after injectione=
the same time as the singing sample from the left-sided injection.
The one patient who continued talking after left-sided injection
was P.De, the left=hander. His singing ability was hard to assess
because base-line performances were quite poor to begin withe. The
only evidence of asymmetry of musical performance was a lesser degree
of confusion after right-sided injection, although it should be re-
membered that hemispheric depression had not been complete. Obser-
vations of singing in this patient hint at a reversed dominance al-
though amobarbital testing failed to lateralize speech conclusively.
Post-operative evidence confirmed that speech was controlled from the

right hemisphereit,

#Cthers have observed the language reversal in this patient including
PeJo Vogel, J«E. Bogen, ReE. Saul and myself,



M.K. (LEFT) 18 OCTOBER 1967

N.F. (LEFT) 7 JANUARY 1969

CeBe (LEFT) 7 SEPTEMBER 1969

Gio0  ONE W:o " . 0:00 ONE TWO' 0:00 ONE TWO
- FOR  (INJECTION OF SODIUM AMYTAL) = . - T
- X -~ IHREE FOUR  (|NJECTION OF SODIUM AMYTAL) __ THREE  FOUR  (INJECTION OF SODIUM AMYTHAL)
- EIGHT --  FLVE SIX Sl T
0:10 L) 0:10 Keep counting. 0nno ENR EIGAT
= __ Can you count? ——  NINE RN
- --  Can you count? o ide i i
- de retty 1i) now.
— _-  Can you make fist with your left hand? LS e i S s AR
- - To. - 5
0:20  SEVENTEEN 0:20 Can you make a fist with your right hand? 5550 .\ls.kf a f].;;Nwltl; your right hend.
o NINETEEN  Keep counting.  ihat day is today? 27 me m A e i e fist with your left hand?
=4 TWENTY You can stop counting. Tell us vhat day todayis. — Can you stop counting? - 000 .. . How, 1 ' going to say I was born in Ohio.
- What day is it todey? Cen you tell us whet day it is? --  Heke a fist with your right hend. -~ Can, you Say Ohio?
g --  Hancy. Can you meke fist - “OHIO
0:30  Mersha?. 0:30 with your right hand? 0:30 Yean, say Ohio again.
-~ MONDAY, OCTOBER SEVENTEEN How about tomorrow? -- ,With this hand here. -~  0...HI...O
. —- Make a fist. -- hat's . . . uh
-=  TUESDAY, OCTOBER EIGHT... What will tomorrow be? --  It's not going to do it, hun? -- What's eight times seven?
Let me ask you a q\:\est1on. i (FLFTY)-SIX (OR THIRTY=S1X)
0:40  TUESDAY, OCTOBER EIGHT... (COUGHD Can you stop counting. Fieht times

That's right. Very good.
okey T

TUESDAY, OCTOBER...TOBER EIGHTEENTH
Yeah, that's right. OK. Let's try this.

We're going to have the singing.

Tell me your name.

Stop counting now.

Tell me your name lancy.

- Can you tell me your name?

0:50 - Make a fist with your right hand.

--" Can_you meke a fist with your right hand?

0:40 iignt times seven is what?

- (FIFTY)-SIX (OR THIRTY-SIX)

ol Yeah, that's right.

—- . llow let me hear you sing "Jingle Bells".
0:50fJINGLE BELLS, JINGLE BELLS,(ETC.)

T (couerd - (s STILL COUNTING) . (s SINGS)
- ey --  Let's try singing a song (E STARTS TO SING ™ INGLE BELLS™ - | (VERY MONOTONE - MARKEDLY DIFFERENT FROM PRE-INJECTION ABILITY) i
1:00 Okay, see if you remember the song that you sang. 1:00 Try that - sing. 1:00
o : W
el Do you remember the song that you La-La'd first? = - Uh, lift up your right han
- YEAL - (E SINGS: "JINGLE BELLS", ETC.) SR o s 4 o (SUBJECT RESPONDED CORRECTLY TQ, ALL THREE COMMANDS) N
. La-La for me, OK? - : @ BB Stick out your thumb. Can you sbick your thumb. §
= > OK? Teah, thfat's rignt. Can you do that with your left hand?
10 - 1:10 : e a fist w1th vour. left hand. Doesn't work, does it?
. TleyA end La-La for us. - 7 Let's try . . .
- Tt - g What is the day that comes after Tuesday?
- was -, . , when the saints, when the saints 2 (.\mmn,g) WEDNESDAY
T comraivmy _ (SPOKEN) SRS T (SPOKER) ey o ) " Yean, that's rignt.
s ant - 1
1:200 Le, La, La . . . “ISUNG) (5 CONTINUES "WHEN THE SAINTS") o 64 :;ﬁ:ezil;‘ufl:ejg}“ 1:20_imat's somibhmg,hafﬂ?
- L Fourteen plus seven.
CEBIALA L . . (suNg) . . — g 1 (SUBJECT DID SO WITH RIGHT HAND) CHREEE
N (NO PITCH CHANGES BUT RHYTHiICALLY RECOGNIZABLE) ~ (E HELPS]. - 8 & ghils 5
La, La, La . . . (ELSING) x . Can you make a fist with your left hend?
Trsof (S conTinUes) ;_1‘30 Do you know what seven plus fourteen is?
ol BV S TS {MBLE) i )
- 2 Say it out loud.
Let me try and'go .U,
-- LA, LA, 1A ., ., (SWNG) Well, let's try something else. . .
1:40™" Letis try the continuation now, OK? 110 Uhat is five times . .um. . six? Can you say what five times six is?
- Listen, and you finish the song. CAN YOU TELL ME ONE THING? --  THIRTY o
== (E WHISTLING "MERRY WIDOW WALTZ") = Teem --  Yesh, that's right.
- (STCONTINUES SONG) = L ST Bry mciSENE €S0,
== LA, LA, LA __ (SWG) . == How say "Methodist Lpiscopal”. 1150 pu2n you sing "Yankee “Doodle"?
1:50 (E WHISTLING "MERRY WIDOW WALTZ) y +5¢
o METHODIST EPISCOPAL —-  [YANKEE DOODLE WENT TO_TOWN, (ETC.)
Say "liquid el ] - - -
(S CONTINUES) = Ligum Srecrazcrry Y - | ssmesy, o
LA, 1A, LA . (SUNG) Tt 2o S —
== e S Liquid - . S }
2:00 _ OK, let's try one more. T,.;'“it :;:f:““ty' o (FAIRLY GOOD MELODY) F gure Lle.

. '('E_wmsﬂme LA CUCU RACHA")

LIQUID ELECTRICITY

Can you say "Seventh Day Adventist"
I TOLD I WOULDN'T . . .,

=3 That's pretty good. e —

- ke a fist with your le

A:‘Zw ::: iz:e: thd (S RESPONDED WITH RIGHT, HAND)
o b :

Hot doing it yet, eh?

LA, LA, LA . . .,

o5 (S_FINISHES PHRASE

LA, LA, LA . .
“Try the tapping.

Say "Seventh Day Adventist", -
e * Can you straighten out your left leg?
Straighten out the right leg.
(S RESPONDED CORRECTLY)




How about the othér one?

2:20 Let's try the tapping now. 2:20 Say "Seventh Day Adventist". 2:20 .
oRF Cen you straighten the other one out?

- E Can you wiggle your toes?
.TAKE IT OUT.

I1GHT _FOOT ONLY)
S =~  Wiggle them all--all your toes. (S RESPONDED WITH R
- You repest after me. Can you make 4 fist vith your left hend? Wit Jour Tirnt oaés are vigeling all Tigit, but not thé left ones.
o (E TAPPING RHYTHMS) 4nge§,gg ?‘éu&z’e’ehem‘“h vour left hand. 2:30¢ el do you remember vhere I said I vas born?
(S TAPPING) : = before. (IN PRELIMINARY SESSION BEFORE INJECTION OF AMYTAL)
- (E TAPPING) Let's hea.r you say the song now. , No, that vas 5 % aid I say Just now?
) Let's try the song. —=- ¥ Tnat's not rignt. Wnat di
NOTE: (S TAPPED ALL RHYTHMS CORRECTLY.) [La, La, La . . . ("HAPPY BIRTHOAY") -- I said wherebI was'born and you said after me.
N ) 3 9 2:40 Do you remember?
(S TAPPING) E:" Jetdo e eli— Lo
== (E TAPPING) an you squéeze my fingers? -- oy it vas Ohio.
= Squeeze. Squeeze. = ) o
it Make a fist with your left hand.
5 You're squeezing with the right han = i
= (S TAPPING) S DUt yourTre moL squezing it the Seft hend: 2:50 Cen you make a fist with your left hand? time £ WITH RIGHT HAND ONLY)
2:50 Do that one 2:50 |Squeeze with the left hand. *”" Make a fist with both hands at the same 5 (s RESPOND
i = & i UL 1T o (OR PUT 1T UP?) - ell, you did it with the right one very wel.
TTAPPING) - SnIt our, (GG et B your hewdl == that's very good.
(S TAPPING) — 0K ¥hat do you -=  Can.you say "Ohio" now?
R i . Let me hear you sing a song. = iy OHIO'
Let me vhistle one, then you tap it. - H h;nhdey to you - cen you do that?
; 300 2P ing the song end will be sble to do it. 3:00 Yeah, that's the answer.
- (E WHISTLING "I'VE BEEN WORKING ON THE RAILROAD"). - [uappy brRiDAY T YOU, . . .« EYC; I'm going to ask you that tomorrow.
- 0K, now tap it. =
3:10 (S TAPPING) 3:10 (600D MELODY) .
- OK, now hum thet . . . La-La. - Can you move your left arm yet?
(S HUMMING SONG), e |
L&, LA g =S s (NO RESPONSE)
> - How squeeze my fingers with your left hand. Can you squeeze them?
3:20 ‘Squeeze my fingers.
= You are moving your left arm but you aren't squeezing my fingers.
== Now can you say very clearly S Squeeze the fingers hard.
vhat the day . . . the day after T~ Squeeze them with your right. (S RESPONDED) (FIRST ARM AND LEG MOVEMENT AT 4:30 - 4:50)
tomorrow is going to be? ey That a girl. That's good
e s 3:30 Now can you squeeze with the left?
--  DOCTOR
~=  WHY DON'T YOU LET M PUT IT IN?
s Do what?
WHY DON'T YOU LET ME PUT IT IN?
THE DAY AFTER AFIER TOMORROW WILL BE. . Put vhat in?
THE REEDLE
TUESDAY, OCTOBER EIGHTEENTH T Tts aiag
NINETEEN SDXv-sEvE T < [o's 2L done, it's all done. KEY:
2 Y
Today is Monday, what will the day after tommorow be? p:uﬂdg; :thav;t?: ;;;Irﬁ :bout that
Today is Monday. The day after tomorrow? one . )
Can you tell me what a knife and a fork are alike?
TUESDAY, OCTOBER EIGHTEENTH How are they alike?
NINETEEN SIXTY-SEVEN
What is this? How are a knife and fork alike? 1] 1 3
MIRE A KNIFE AND FORK Examiner's Dla:logue
Hhes, s thatt YOU CAN EAT WITH THEM. (MUMBLE)
. T
What did I ask you to remember? Thet's #ignt. i
GLASSES AND A TIE CLIP . . Hewr y
Let's try the original thing--the waltzes again. S:ze:g:eze m hand with your fingers.
. e Squeeze me with the right hand. S[IBJECT DII \IJOGUE
(E WHISTLING "MERRY WIDOW WALTZ") _  Squeeze!
Grip hard.
;_ ¥:20 How about the other one?
220 . . "7 Can you squeeze me with the left one?
S Finish. (S FINISHES PHRASE) Yeeh, you can squeeze me with the left one.
- [ 1, Th, T .. . That s girl. That's fine. (S RESPONDED)
o Very good.
:30 i . : )
o [ (E WHISTLING "MERRY WIDOW WALTZ") CCWENTS
== Lo, LA, 1A . . .

U:40  gell, that's g lot better then three minutes ago.

= Figure II-1 (cont.)

How sbout this hand?” _ (LEFT)

- Can you do anything with this hand now?
== Lift it up.

Yes, you cr
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DeM. (LEFT) 14 JUNE 1968

ONE
FOUR
SEVEN

(INJECTION)

EIGHT
TEN
TWELVE
FOURTEEN

ELEVEN
THIRTEERN
FIFIEEN

5
T —
TWENTY~THREE
—_—
TWENTY-SIX
Hold on to my hand.
Say hello.
T
UELLO.
Uh huh.
Sunday .
SUSDAY,
I

TUENTY-THO
(MUMBLE)

Can you say the days of the week?
TONDAY...
TUESDAY .
‘WEDNESDAY .
THURSDAY .
FRIDAY .,
SATURDAY .

What day of the week is it toda‘w?‘
WEDNESDAY, "
(REALLY FRIDAY)

Meke up a sentence that has the word "baby" in it
MY WIFE JUST HAD A BABY
==-2X% JUST HAD A BABY.

Very good. *.
Can you sing La, La, La . . Sing with me.
La, La, La . , LA, LA .

v s LA

(S MONOTONIC Ao

S NIC - LITTLE VARIATION

(BOTH E AND S SING) La, La, La . . . L."\N, FL,:XT,C}& .
(S SINGS) -

(AGAIN MONOTONIC - SLIGHTLY HIGHER PIT(.?H THAN BEFORE) |

LA, LA, LA

La, La, La .
Try again.
La, La, La .
(E HELPS) LA, LA, LA
OK now. Try something v

Stick out your thumb. This thumb heTe.
( E DEMONSTRATES - RIGHT THUMB)

(SUBJECT RESPONDS (RIGHT HAND)) you did it. Very good.
Cen"you stick out the thumb on the other hand?. (NO)
Let's try naming these gadgets’,

Can you look up here? Del.

What's this thing?

What is this?

Want to feel it?.

AN ERA . . .

That's right an eraser.”

Can you tell what it is by looking at it?
A KK

A XEY.

Yeeh!

How about this?

What's that?

It's something people wear.
(MUMBLE) (TIE?)
Yeah, you put it on your tie.'
That's right.

What's it called?

o

A TIE CLIP.
What's this?

Yesh, very good.

A PAPER CLIP.

0K,

Now let's see you make a fist with your left hand.
Can you mske a fist there?

Can't do it huh?’

Can you fneke your left hand move at all?
No.

Can you wiggle your toes?

Wiggle your toes.

(SUBJECT RESPONDED WITH BOTH FEE‘T)

Yeah, you wiggle them.

DoM. (RIGHT) 12 JUNE 1968

g, O
EE Ol

FIVE SIX (INJECTION)
SEVEN - EIGAT,

NINE, AN

ELEVEN

Keep making a fist.

Can you keep counting?

Can you say hello?,

Say hello. N

Can you tell me vhat today is?
What is today?.

What is the name of this?

Can you stick out your tongue?
Stick out your tongue. .
La, La, La . . . ("JINGLE BELLS™)
Can you do that?
La, La, La . . .
Can you do that?’
La, La, La . . .
Can you hum?

Can you stick out your tongue?

Let me see you meke a fist with your left hand..
Stick up the fist.

Can you do that?

Stick out your thumb.

Can you stick out your thumb?

Can you stick out your thumb? X

On this hend?  (LEFT HAND TOUCHED BY E)

Huh?

This thumb  (E DEMONSTRATES GESTURE),

Can you stick out .this thumb. (LEFT THUMB)
Stick out the thumb (S RESPONDS CORRECTLY
Yeah WITH LEFT THUMB)
Say hello.

Can you say hello?

How make a fist. (S RESPONDS?)
How stick out your thumb., .
Stick out the thumb . . . like that.
That-a-babe!, (S RESPONDS)

(E SINGS)
(E SINGS "JINGLE BELLS™)

(£ DEMONSTRATES)

Can you sey "hello" now?

Can you tell me your name?l
DELBERT .

DELBERT MARQUEZ'

Can you say La, La, La . . .
Try that.

La, La, La . . .

Say your name again

Can you say your name ga.[;ain?
Del?

Say your name.

Hmmm Open up your hand

Open it up. Wide open.

Like this--see!

(E DEMONSTRATES)

Open it up.

Can you open it up?

Open up.

Open up.

Open up.

(S REACHES FOR HEAD WITH LEFT HAND)
You're not supposed to do that, remember?

Now _can you say heilo?

HELLO.

it

Yeah! Very good.

What is today?
WEDNESDAY .

Wednesday--yesh! Exactly right.

Now can you meke a fist with your right hand.
Hold up your right hand.

Can you hold it up?

You aren't holding it up, huh?

Hold up your left hand.

(S RESPONDED CORRECTLY)

Yeah. That's it, hold this one up here.
Stick out your thumb.

? .
Cen you put your thunb out? (S RESPONDED CORRECTLY
Very good.

s i WITH LEFT THuvg)
, huh?

Now can you say'the days of the week?
Try this . . . tell me what this is.
(E HOLDS UP OBJECT WHICH S DOES NOT NAME)

Figure II=2



Let's see you wiggle the fingers on your left hend.
" Can .you left up your arms?

(SUBJECT RAISED RIGHT BUT NOT LEFT)

Let's see, un . . .

Try to sing with me.
Try it again.

("JINGLE BELLS") La, La, La . . .
5 5 . s 8] s LA, LA, LA . . .
(MORE PITCH VARIATION THAN BEFORE) —=r—=t—mitt

La, Las La & «
LA, LA, LA . i
(MELODY NEARLY RECOGNIZABLE AS "JINGLE BELLS")
LA, LA, LA .

How does that sound to you?

TO ME?

Yeal;.'

VERY GROGGY ..

Ha, Ha, very groggy is rigfl:

oK.
" How about making a fist with your left hand now.
Can you do that?

(SUBJECT RESPONDED SLIGHTLY)

’ Yea;h.

Can you stick out your thumb?

Stick out the thumb.

No. Well meke a fist.

“Can you make a £ist?

‘Jell it moves, but you didn't make a fist yet.
There's some movement there now.

Let's see you stick out the little finger

on your ri
SUBJECI RESPONDED) FLERt hand,
Yeah, that's I‘lp‘,h’t.

Now can you xnake a fist with the left hand? X

No. That's with. the right hand.
Make a fist with the left hand,
Not doing it yet.

Can you say "liquid electr1c1tv for Dr. Saul?
Liquid electrlc:Lty

Let's see you w1,gple vour toes.
Can you wiggle your toes?
MULCH ONES?
The ones on the left.
The left.
TiE BIG ¢
Wiggle the toes.
WHICH ONL DO YOU . . .

(E CHECKS BABINSKY REFLEX - POSITIVE ON LEFT FOOT)
(SUBJECT WIGGLES ONE ON LEFI)

Can you wiggle them k)ot-‘h'.’"

Wiggle both toes--toes on both feet.
(SUBJECT WIGGLED ONLY ON RIGHT ?)

ow let's see you make a fist with the left hand.
Make fist with the left hand.

T'11 tell you what . . -

(SUBJECT MAKES A FIST) there it is.

dlow, stick out your thumb on that hand.
dJot quite yet.

" Yeah.

(LA, LA, LA . .

How sbout that. What's that? (KEY)

A KEY .

Yeah, good.
And that one?
ERASER. .
Eraser, yeah.
(HOLDS UP TIE CLIP)
(MUMBLE)

(ERASER)

:Vhat's that?
(MUMBLE)
(CLI

) @

T A tie clip?

YEAH .,

. Yeah, that's what it is. It's a tie clip.
Trythls\ Cup of . . .~

COFFEE.

Salt and . . .
SEA.

Yeah, knife and . . .
QUMBLE)

Heaven and . .

HELL.

Yesh, that's right.
(MUMBLE)

HELL .

Knife and what?

What's this? (PAPER CLIP)
PAPER . . PAPER CLIP (MUMBLE)

Let's try singing.
La, La, La . .
(""JUNGLE BELLS')

(S SINGS WITH GOOD MELOUY ONLY SLIGHTLY SLURRED
VOMPAREJ To PRE-INJECTION ABILITY)

b
Very good.

Can you make a fist with your right hand?
Lift up your right hand--over there.

HMake a fist.

Can you make a fist?
Yeah.

Stick out your thumb.
Stick the thumb out.
How stick out the little finger.
Stick it up.

Stick up your little finger.
It's going up. fThere it is.
Very good. You did it.

OK

(SU3JECT RESPONDED)

Well, I guess the test is over.

Figure II-2 (cont.)

(E POINTS TO RIGHT HAND)
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PeEe (LEFT) 4 NOVEHEER 1970 P.E. (RIGHT) 2 NOVEMBER 1970

OFE 0:00 ONE * TWO
TWO THREE - g ;
== = THREE FOUR  (|NJECTION OF SODIUM AMYTAL)
CINJECTION OF SODIUM AMYTAL) FOUR  FIVE ‘FIVE

Your left arm dropped down and your left leg, buf your . . . W_. . . (CRY)
Count out loud, keep meking a fist.

I HAVE A STING IN MY EYE.
Yean, it‘ll go away in sbout 3 seconds.

Could you say, uh &

Yesh, your eye dropped closed. °
1% b your eye doesn't it?
YEAY

Keeu counting. Keep counting.
The rignt arm dropped.
You're not counting out loud.
But the left hand continues to intermittently . . .(MOVE AROUND)
That's it. 6, T
That a girl very good.
Right arm . .. . can you
- “You' rF mﬂklnk e fist nicely with the left hand.
A CRY - ALMOST A WAIL FROM S)

Uh, huh, well that's true.

Un huh
Meke o fist with your rignt hand, .~
Can you meke a fii == ) .\
(S DOES MAKE A FIST WITH RIGHT HAND)  Yean . thag-acpirl. 0:30 |, Lg (E SINGING "WHEN THE SAINTS . . .")

All right now, tell me what day is today. —-

Can you say what day is today? __
Can you say "today is Vednesday"? __
1 KNOW IT'S WEDNES WEDNESDAY __

(S MUMBLES® (E CONTINUES "SAINTS™):
Can you sae{ "yes"? (NO RESPONSE)

BUI OT THE D-D-DAT ety
un, . "lE SINGING "HERE CovES THE DRIDE . . .
(s wussLesy 7T fheslesla ...
Let me look at your eyes a minute
(s HuriaLs)

Well, you're scratchlng vour face with your
left hend, but you're not singing.
Can you smg7
(E CONTINUES "8RIDE")
an ‘you say "yes"? (NO RESPONSE)

Big pupil on that side
Really big pupxl on the right side. __
Say, un. -~
Can you say fifteen? --
FLFTE]

N -

ycah' that's right. dow can you say Can you « « «
ing wlth me. Try this.
(E SINGS "WHEN THE SAINTS") La, S& i
(S MUMBLES) I_COULD (N'T) SING, T ’mu A Fa, iy IEE SINGS "HAPPY BIRTHDAY")

Let's hear you sing.

Can you sing?

(E CONTINUES "8IRTHDAY")
Can you do this? Can you do that?
Make a fist. dake a fist.
Can you make a fist with the left hand?
Here, see. (SHOWS FIST AGAIN)
1:20 Peggy make a fist. |(NO RESPONSE FROM S)

1:10
HERVOUS, A CIGARETTE -
A what? A cigarette? --
Well, we can fix you up with that later on.
Try this: ==
Uh, huh,

” e
(S MUMBLES SOMETHING) (E MAKES A FIST WITH HIS RIGHT
HAND AND SHOWS S)

(S HUIM3LES)

(S MUMBLES) Hold my hand a minute. Squeeze hard., ~~

How what I'd like to do is have you sing with me.

‘Big left pupil

Bigger than the right

Can you sing with me? ~-- Can you meke . . .

(E SINGS "WAPPY BIRTHOAY") 'La, La. La . 5o o0 vou make a fist?

- Iry that. ] 1:30 Well, you're moving your left d

(MUIBLE) 1'VE BEEN NERVOUS AND SHAKING ALL NOKNING. - . ik Ly S aroun
HORNING purposefully all right. Ho problem about that.

Uh huh - sing! -- But, vh . . . you're moving the IV stand with i
(E CONTINUES "HAPPY BIRTHDAY") - But you're nOt S&Vinﬁ anything. av STAND ON LEFT SIDE OF BED ABOVE HEAD)
-~ Can you say "yes"

l 40 Can you meke a flst vith your rigat hand?

do, flaccid
- Can you say?
== T fa T (E SINGS "HERE COMES THE BRIDE™)

(S MUMBLES) _ - L'%» L% £ VB

50 2 ? 2

T, Tils; Tlere, & ] 1:50 Making a little effort, huh? (S OPENED HER J]

Go ehesd. == (E CONTINUES "SRIDE"™)
(NO RESPONSE FROM S) ot
Big right pupil ell right. -- I*fg" TN
s La,

Left arm still completely flaccid. --
o Vell, you're wiping your forehead well with your arm
e but you're not saying anything.
L, [ Can you say hello?
-- Oryes? Say "yes",
ngt - @AEKIRG your head "mely o)\ec wiappy BiRTHOAY™
2:10 [La, La, La . . . iry taat,
OO LA LA L L L (s TRYS TO SING)
Un huh.
(s CONTINUES SINGING)
5 NO RECOGN | ZABLE MELODY BUT RECOGNIZABLE AS SINGING)
(€ HELPS smcme)
(S CONTINUES SINGING)
(E HELPS)
S CONTINUES SINGING - OR MAYBE TO SPEAK, HERE)

130 TV (E SINGS "HERE COMES THE BRIDE . . .")
La, La, La . . .

Can you do that?

(S MUM3LES SOMETHING ABOUT) DRINK OF WATER
I'11 tell you what we'll do: we'll give you a little something to smoke
i L) and eat right after you get done but you can sing first.

(€ SINGS "HAPPY BIRTHDAY")

(E SINGS "HAPPY BIRTHDAY")

" Ty this:
(€ SINGS "MARY HAU A LITTLE LAMB™) La, La LB . p

DR,

Can you

Can you sing, Peggy?

<. Le, e, la. .

(£ SINGS "HIARY

Sing.

Would you sing?-

(S TRIES A LITTLE) 3

(€ HELPS) (S HUMBLES)

You said my name.

Would you say your name?

PEGGY..

That's Tight.

ALl right, now try that.

(E SINGS "HERE COWES THE URIDE")'La, La, La . . .
(S SINGS "HERE COMES THE BRIDE") LA LA, ta, i L o

(E CONTINUES "SRIDE")
Keep going.
(FAIRLY GOOD MELODY)

iow about,
(E SINGS "HAPPY BIRTHDAY")
La, La, La . . .

o Cen you do that?
VHAT I DON'T LIKE ABOUT WIEN YOUR THROAY'S . . .

What's thé matter with your throat? IT DOES:
THE SOUNDS DO} uun' I WANT
WitiN_YOUR TiROAT

(S MAY BE TRYING TO SAY SOMETHING)

Can you make a fist? (WITH YOUR RIGHT HAND?)
(S GROANING)
o Lt's flaccid. (RE: RIGHT HAND)
Squeeze my lett hand.
You're squeezing nicely with the left hand.
Can you say "yes"? (S MADE NO EFFORT)

(E SINGS "HAPPY BIRTHDAY")
0 S IMMEDIATELY TRIES TO SING)

Is that right?
Your throat feels like a wutermelon.

(LEFT HAND HAVES N THE AIR) 15 THIS . -
Pirewes wosehenh £u $ie Make a fist with your left hand. __

you meke a fist with both hands.
left arm but no fist. There's a great ﬁ.st all tig,ht Give me
a squeeze with your other hand. Can y give a sque: left hand? 1A, Ths 1A & - &
II-‘ PU‘J(,ll ANYBOI)Y All[ll THAT l‘Lbl 1'LL e fy e
& I\' MY PALH. (S RENDITION SEEMS MORE MELODIC THAN TALKING
(REF. TO RIGHT HAND FIST) E_LL&‘ML’-S R = BUT THE TUNE WAS BARELY RECOGNIZABLE)
. see.
You better not do that, you'll cut vourself. == Uh huh.

Figure II=3



(E SINGS "HAPPY BIRTHDAW

(S SINGS "HAPPY BIRTHDAY")
LA

-(GOOD MELODY)

Now would you say "Today is ‘Wednesday"?

TODAY IS WEDNESDAY .

Yeeh, it's clearing up pretty well isn't it?

Can you Squeeze with this hand now? -

(LEFT) (S NOT ABLE)

Can you raise your hands up in the sir? ~
Both of them. —

Yes, she uld.
(SLIGHTLY LESS WELL THAN THE RIGHT) Yes, you are raising th £

OH YES, I RAISLD THEM A WHILE AGO AND COUNTED FOR YA.
Hmm?
I RAISED THEM A WHILE AGO AND COUNTED FOR YA.

Yeah, you did it all right.
0K

I temember
COULD I PERHAPS HAVE A A TISSUE?

"Happy Birthday".
) La, La, La . . .}

the left one. -

3:20

(S CONTINUES - MORE RECOGN | ZABLE AS "HAPPY BIRTHDAY'")
. (E HELPS)
3:30 ?ow abou

(E SINGS "WHEN THE SAINTS')
La, La, La . . .
(S TRIES TO SING AGAIN - BARELY RECOGN | ZABLE)
LA, LA, LA . . .

(TRIES TO USE SOME WORDS)

5 (S SEEMS TO BE TRYING TO SAY SOMETHING HERE)

Can.you say your name now?
Tell us your name.
PEGGY
4:00 Pezgy ; can you say yes?
YES  (WEAKLY)
‘Ten you make a fist with your :r‘1 ght hend'
Squeeze my fingers.Yes, you cdn do it.
You can squeeze nicely with that hand.
4:10 ~That a girl. OK
Can you wiggle the toes on your feet?
Can you wiggle your toes? Wiggle them on both feet.
Well, there's not much wiggle on the right.
You're wiggling the left foot nicely,
‘out you're not wiggling the right foot.
Wiggle the rigat foot.
Can you left your right hand up in the air?
Lift this one up in the air. (E TOUCHES RIGHT ARM) (S RAISLS LEFT AR;I)
o, that's your left hand. You're not doing . .
The right arm is flaccid.
Can you squeeze my fingers now?
Squeeze my fingers with the right hand.
Seems to me you're not doing it. You're not doing
(S MAY BE TRYING TO TALK)
b bO There was a little squeeze at one time.
Let me hear you say yes again.

(S MUMBLES SOMETHING)
Can you tell me what day it is today?

(R IGHT HAND)

4:20
4:30

(S MUMBLES)

Can you say Monday?
. Say Monday .
5:00 MONDAY
OK. That's right. It is lMonday. Very good.
WHAT DID YOU . . .? (S MUMBLES)
OK, let's try singing again.
(S MUMBLES™
Ho, that's ell right.
Now, I'1l tell you what you do.
You try and sing "Monday"
Uh, try and sing aga.m
OK, try and sing "Happy
it "
»La Lia, Le (E SINGS HAPPY BIRTHUAY )

LA, LA, LA . . (S SINGS "HAPPY BIRTHDAY" RECOGNIZABLY WELL)

5:10

5:20

L

Good .

Let's try.
La "

La, La,
B (S SH\GS "HERE COMES THE BRIDE")
LA, LA, LA

(E SINGS "{ERE COMES THE BRIDE")

-
All right.

Can you say "Today is Monday"?
Try on that.
Today is Monday.

(S MUMBLES)

6:00

Can you say "My name is Peggy "?

My name is Peggy.
MY NAME IS EEGGY
Very good.

6:20 OK.

(S TALKING WELL AT 6:45)

-3 (eonte)

.

Figure
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L.H. CLEFTY 4 MAY 1972

ONE  0:00

™ -
CINJECTION) THREE __
Uh huh, keep going., --

FOUR - 0:10

. BIVE ; we
Keep going. --
SIX SEVEN —
Uh huh.
C(RIGHT HAND RAISED
LEFT HAND DROPPED)
Can you make a fist with your right hand?
Meke a fist. Can you make a fist?
You' re not doing it.
Make & fist. Uh huh.
Cen you say, "hello"? Sey, "hello."
‘Hello, hello.
Say, "yes." Cen'you say, "yes"?
Hmm, can you say what day today is? Mot yet.

TEELN
W
S

o

_ (RIGHT HAND STILL RAISED) —
Make a fist with your right hand.
Loretta, make a fist.
Well, you're not doing it with the right hand. ?_;50
CLEFT HAND IS LIMP.) __
Can you say, "yes," Loretta? __
Can you say, "yes"? __
(SLIGHT TONE IN THE RIGHT LEG AND .00

THE LEFT LEG IS FLACCID. )
Can you sey, "yes"?

Say, "yes."

Say, "yes," Loretta.
Loretta, say, "yes." 1:10

R

Say, "yes." -—=
(OKAY, RIGHT TOES DOWN ~~
LEFT TOES VERY UP =~
LEFT HAND STILL FLACCID 1320
RIGHT HAND UP IN THE AIR.) ~~
Meke a fist with your right hand.
Can you sing?
La, la, la....] e
Try thet. 1:30

(HAPPY BIRTHDAY)| - .

Can you meke a fist with your right hand?
) ) (CORRECT RESPONSE) w-
Thata girl, you did it very good. w~-
Meke a fist with your left hand., --
‘That's pretty limp isn't it? o=
Meke a fist again with your right hand, that's good. 1:5C
Now, can you say, "yes"? -~
Can you sey, "yes"? Say, "yes," loud. —
That's it. Say, "yes," out loud.
I see you keep meking fists over and over
agein with your right hand. ~
Say, say, "yes."
"yesy Hunh?
If I pinch you will you }v:rz‘l:esa\;.vp’a. )S,L?::t?le blt?
Huh? OW Ow, yeah. 2:10
Say, yes ——
Can you say, "yes"? =
Can you say, "yes"? -
Open your hend up wide, open it all the way up. .
(CORRECT RESPONSE) That's right, you did it. p:20
Now, make & fist. Make a fist. -
Meke a fist with your right hand. —
Well, you're not doing it now. =
Make a fist, 7
Can you meke a... 2330
Now stick out just your thumb
(CORRECT RESPONSE) 'That's good, very good. T
Say, "yes." ' Can you say, "yes"?
Try sznging now, okay? =
(JINGLE BELLS) La, la, la..T

Cen you do thaf? _
(UINGLE BELLS) Ile, la, la... ] __
(HAPPY'BIRTHDAY) Le, la, la..] 2:50
an you sing that?
(HAPPY BIRTHDAY)\g/ le, la... -
Well, you have your thumb out, huh?
Jingle Bells try that, :00
J:mgle Bells, Jingle Bells, ’J;mgle el =
(E. SINGING) the way. ..
Can you do that? —
. (JINGLE BELLS) Le, la, 1a... ] —
Can you say, "yes"? Huh? Can you say, "ves"? say, "yes.' ' 3:10
- Meke a fist. Mgke a fist, Loretta. —-
Make a fist, pull your thumb in Make a fist. __
Now, open your hand. Now, open it up, open. —-
Open the hand. That's the way. —

L.H. (RIGHT) 6 MAY 1972

ONE, CIYO, (INJECTION)

THREE = FOUR
Keep going.

(THE RIGHT ARM FELL DOWN
THE LEFT HAND IS IN A TIGHT FIST.)

Can you meke a fist with this hand...
the right one?

How about opening this hand.

Can you open this hand?

I see you're looking right at me.

Open this hand, can you open it? (S..RESPONDS.)

That a girl. :

Make a fist.

Can you make a fist?

Can you say, "yes"?

Say, "yes." (NO RESPONSE)

Can you open your hand up?

Open it up wide.

Now, I showed you how and you did it.

Okay.

Open it up. See!

Here, look right at me.

Can you say, "yes"?

say, "yes," Loretta.

Can you meke a fist?

You didn't do it when I showed you how,
maybe you can do it when I ask you.

Can you meke a fist?

You're not doing it. (RIGHT ARM SLIGHTLY LIMP.)

Can you meke a fist?

Mske a fist, Loretta, see?

(EYES ARE I‘MRkEDLY DEVIATED TO THE LEFT
THE HEAD IS TURNED TO THE LEFT, THE
THUMB ON THE LEFT HAND IS MOVING IN
AND OUT, BUT SHE'S NOT MAKING A FIST.)

Can you make a fist?

(THE RIGHT SIDE IS STILL COMPLETELY
FLACCID.)

Can you say, "yes," Loretta?

(THE LEFT HAND IS PURPOSEFUL:

PULLING AT THE SHEETS BUT NOT
FOLLOWING ANY INSTRUCTIONS.)

Make a fist, can you make a fist?

(HEAD TURNED TO LEFT.)

Hello.

Can you say, "yes," Loretta? Say, "yes."

(THE RIGHT LEG WITHDRAWS WHEN STIMULATED.)
(S. VOIDED.)
(DEFINITE RIGHT TOE SIGN, BUT THE

LEFT LEG -DOES NOT HAVE A TOE

SIGN, IT WITHDRAWS.)

Can you, ah, make a fist?
Meke a fist.
Hello.
Can you look at me'z (S. MAY HAVE HAD SEIZURE.) .
Look right at me .
o i1
Can you seed (vseﬁAPsL?fﬁéE;s >
See my finger'I NO.)
(THE RIGHT SIDE OF THE FACE IS LIMP,
THE RIGHT ARM IS CERTAINLY FLACCID.)

Cen you meke a fist?
la, la, la... CHAPPY BIRTHDAY)
Try singing.

, la, la... (HAPPY BIRTHDAY)

Or, how about Jingle Bells?
e, la, la... (JINGLE BELLS)

Hello Ioretté,, open your eyes.
Can you say, "yes"? Say, "yes."
(THE HEAD TURNED TOWARD E.)

There you are, you're a little more awake.
Can you meke a fist with this hand? CLEFT)
Uh, meke a fist.

Can you meke & fist?

Squeeze my fingers. .

Squeeze hard. (WEAK FIST.)

Squeeze hard. )

CLITTLE VERBAL COMPREHENSION, ALTHOUGH
THE HANDS ARE MOVING IN A COORDINATED
WAY.)

Can you open it?
Oh, & big yawn.
Squeeze my hand, again. (NO.)

(SING HAPPY BIRTHDAY.) F‘igur@ II‘“’L@
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Make & fist, good, hold it.3:20
fist with this hand. ¢ gFT) —
It's compléetely limp, ——
Stick your thumb out. ==
(LEFT HAND IS COMPLETELY FLACCID) ==
Can you stick out your thumb, your right thumb? 3:30
Stick out your thumb, —
Well, you' re not doing it now, huh? ==
you say, "yes," now? =
There's the thumb. That e girl, ==
Can you say, "yes"? Huh? 3:40
Waeke up, va.ke ug s
Say. "yes."
I'm going to scratch your foot again, =
you tell me if you can feel it, if —
you feel me scratch your foot, you 3% 50
say, "ow," will ya? OW T
(RIGHT TOES “DOWN'™) —
(LEFT TOES ABOUT VERY POSITIVE) ==
How about saying uh, "yes." ==
Can you sey,_ "uh huh"? l‘ 00
UH HUH. Good girl, very good. ™~
"yeg." Just like that, "yes."™
YEE S.™

SAY 4310
YETH. _

_ Uh huh.—
YETH, THIR.--
How sbout singing? 4320
(JINGLE BELLS) La, la, la..3 ™
Try that, ™~
(UINGLE BELLS) La, la, la..d
Can you do that? 7
Can you tell me what today is? “ 30
What dey is today? __
TODAY IS MONDAY. __
That is correct, now try la, la, la..
(HAPPY BIRTHDAYQY 4:40
It's my birthdey, sing me Happy Birthday. --
Can you do that? =-—
(HAPPY BIRTHDAY) La, la, la..q ——

4250

WHAT'S THE DATE OF YOUR BIRTH? __
Mey Tth. It's really Thursday, my birthdey. —_
Well, that wouldn't hurt. 7~

Try thet, try saying 5:00
(HAPPY BIRTHDAY) Le, la, la..§ ™~

Now, make a fist azain.
Meke &

Okay, say,

Can you do that? =

(HAPPY BIRTHDAY) La, la, la_...] ;—10
. Can you do that? —=
Or sing Heppy Birthday with words, ——
(SINGS) Heppy Birthday to you.j..

(SOME MELODY) HAPPY BIRTHDAY TO YOU -
Oke.y.
I FORGET HIS NAVE. —

120

Doctor Gordon - yeah, Gordon. —..

Happy Birthday to yo
Happy Birthday Doctor Gordon

that, okey? Here you go® ...

(SPOKEN) HAPPY BIRTHDAY DOCTOR GORDON. —-
And, what's the end of it? 5:L0

(END OF HAPPY BIRTHDAY) La, la, la...] =
Sing that. (SINGS) Happy Birthday to you.
Can you do that?
(SPOKEN) HAPPY BIRTHDAY TO YOU.

Tell me again what day is tods.y?
TODAY IS ALMOST THE DATE THAT = -+
MY HUSBAND DIED.

Is that right?
Can you meke a fist with this hand?
This left hand which is absolutely,
completely flaccid.
Let's see you open the right hand. .
Open it up. That's very good. You're doing it. 6:10
Make a fist, make a fist. ™~
Uh huh, now stick out your thumb.
Stick out your thumb.
All right. New, let's try the toes again.
oW
Oh, that was I scratched your foot,
I won't do that again.
MUMBLE HA, HA.
(THE TOE 1S VERY POSITIVE.)
Yeah, your talking pretty well, huh?
If today is Monday, what is tomorrow
going to be?, TUESDAY
That's absolutely right.

b

IX)
o

W

IIISZ‘IHXSZ‘I

[La la, la...

"La, le, le.. (HAPPY BIRTHDAY)

Can you sing?

Huh? -
Ia, la, la... CHAPPY BIRTHDAY)

(S. APPEARS TO BE SOMEWHAT ALERT.):

you say, "Le, La, La." CHAPPY BIRTHDAY)
Let's try it now, I'll give you a reward,

remember the candy. - -
' i (S. SMILES EITHER TO WORD, ''CANDY'
gersz:n:i:f,:‘:;igq OR TO E'S FACE WHICH IS CLOSE
3 ) TO HERS AT THIS POINT)

Try it.
s la, la... (HAPPY B_lRTHDAY)

You're starting that's it.

‘[Le, e, la... CHAPPY BIRTHDAY)

H
=
(THE RIGHT ARM IS STILL FLACCID.)
Give me a squeeze.

Huh, can you squeeze it.
Can you do this?

Huh, open the hand up.
Can you sing?
La, la, la...

(NO RESPONSE.)

C(JINGLE BELLS)
Remember the candy?

Thet's a girl, look at the candy now.
La, la, la... CJINGLE BELLS)

Can you do that?

QCH. ..

ile, la, la... C(JINGLE BELLS)

Okay.

[Hm, hm, hm... (HAPPY BIRTHDAY)

ﬂ...

En, hm, hm... (HAPPY BIRTHDAY)

SHA

A, SHA, SHA...
(SINGS) Happy Birthdey to yoq 5:30

‘Can you make a fist?

Meke a fist with both hands.
Make a fist with both hands.
(RIGHT HAND STILL FLACCID.)

Loretta, can you tell me your neme?
Loretta, say, "Loretta.”

(PROBABLY RESPONDING TO E.'S VOICE

Loi‘etta, it's a nice smile.
AND EXPRESSION.)

Loretta, can you say, "yes"?
Can you say;y "yes' 2

Can you say,
Can you say,
Say, "yes."
Well, you patted my cheek very nicely,
but you're certainly not saying yes.

"yes"'?
"yes," Loretta?

“_Iou%d you like, like to be nice to me,
Would you like to be nice to me?

Sure you would, let me hear you sing.
CUINGLE BELLS)

If you wanne be nice to me, that's the way.

[La la, le... CHAPPY BIRTHDAY)

(RIGHT ARM IS NOW MOVING SPONTANEOUSLY.)

o OWH (YELP.) (E. SCRATCHES BOTTOM OF FOOT. D)
CLEFT FOOT NOW WITHDRAWS AND. THE

RIGHT TOE IS NOW DOWN.)

Figure II=4 (conte)
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We got a minute left for some singing.
Nothing wrong with that. All right now let's try.

CHAPPY BIRTHDAY) L, 1a, Ia..]
Can you do that? You haven't done it yet.
(HAPPY BIRTHDAY) LA, LA, IA..

(FAIR MELODY, BUT NOT GOOD|

HAPPY BIRTHDAY DOCTOR GORDON.
Well, thank you very much.

Okay, well your right hand is.

I'LL EVEN BUY YOU A PRESENT.

The left hand is quite

. You're going to buy him a present.
YEAH. You can sing Happy Birthday to me
on Wednesday, that'll meke my present,

the best present he ever had if you

sing Happy Birthday to him on Wednesday."

That's right. Okay, well, now then um.

Can you wriggle your toes9 —

Thet's fine.

Can you wiggle the left ones?
Wiggle the left ones.

No, wiggle on the left.

6:40

Can you maeke & fist with both hands?
While I'm showing ya, make a fist.
Both hands.

You opened your left hand up wide.

I LOVE YOU.

Oh, but you didn't sing.

You can't love me very much.

" Can you sing now?

Sing.

Ii,a, la, la... CHAPPY BIRTHDAY)
Go, ahead.

6:5C

!53@2 EZgo;FﬁEIggg gF HAPPY BIRTHDAY.)
You

10 YU

1

LOVE

You

1o you

I

LOVE

You
K11 right.

7:10

7:20

7130

7:40

Wiggle the right ones again. —-—

Wiggle your right toes.

You're not doing it.

" Wiggle your toes.

Wiggle your toes.

Left ones, she's doing it.

Can you see something there?
Wiggle your toes, Loretta.

There goes the left ones.
Okay, now then, can you make a fist

with this hand? :

(RIGHT) Squeeze my hand.

]

8:00

Make a fist with both hands as hard ~——

as you can.
Make a fist.

8:10

OH, I'D LOVE TO SQUEEZE YOUR HAND., —-

Oh, give it a squeeze then. —

Here, squeeze this. (LEFT HAND) —=

That a gixl.

Okay, now squeeze it with the other £:20
You're not doing it yet. (RIGHT HAND) .-
Well, uh... How about Jingle Bells? -~

CJINGLE BELLS) La, la, la..J=™

JINGLE 8:30

JINGLE BELLSE™—
JINGLE ALL THE WAY

OH WHAT FUN IT IS TO RIDE

IN A ONE HORSE OPEN SLEIGH™

Great. __
That's the best I ever heard you singlng e

I think we are about done aren't we? —

one.

(FAIRLY GOOD MELODY) ——_— — —

£:40

Figure II=4 (eont o)
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B.K. (LEFT) 15 SEPTEMBER, 1972 B. K. (RIGHT) 18 SEPTEMBER, 1972
CINJECTION) ONE TWO o:00 ONE TWO: 1\ ecriony
THREE FOR — 1 -
FOR THREE FOUR
FIVE SIX — ———
SEVEN piGHT -- EDE SIX.
Nine Ten ; o Keep counbing;
SR i, Moy g 10 (BoTH HANDS DROPPED DOWN AND BOTH
&o ==
(RIGHT Hanpy Your hand is going, ato1 -  FEET DROPPED nowy) (SIGH)

Can fou count any?

Cen you say anything?

Have you stopped breathing Mrs. K --7
Are you breathing?

don't hear you talking,

SIGH 'CHEAVY BREATHING)

Keep moving your hand That's very good.
Keep making fists with both hands.

The right hand is meking a fist

" but not’ the left hand.

o
Q

(MOMENTARY RESPIRATORY ARREST.)

W
o

Now, you're breathing.
Can you say, "yes"?

Can you say, :'yea"?

Can you stick out your tongue?

_ Stick out your tongue, Mrs. K --
CLEFT LEG FALLS, RIGHT REMAINS STRONG)-

) UH)

Can you stick out your tongue Mrs. K --7
Stick out your tongue.

(E_YES DEVIATED TO THE RIGHT)"

Hello, Mrs. K -~ Hello

Can you say, "yes"?

Can you say, "yes"?

. Stick out your tongue.
Well your right hand is still

going back and forth.

Can you oi:en your right hand?

Open up your hand Mrs. K --

Open your hand

Open it up
No, you're still making.a fist = -

back and forth. ==

Can you' wiggle ygur toes?

Wiggle your toes.
Hello. Can you open your eyes?
Would a little pinch help you to, wgke up

(FLACCID ALL OV_ER)

How about a little painful stimulation?
Are you going to respond to that at all?
NO.D

r
o

v
o

(BOTH PUPILS ARE EQUAL AND THE EYES
ARE DEVIATED MARKEDLY TO THE LEFT)

8

How about a little pinch in the traye;ius?
‘(SLIGHT QUIVER IN THE LEFT SIDE OF THE
FACE.D

[
o

[ T o O T O T I T O - O T I

How ‘sbout rubbing the sternum?

Hello there.

Are you starting to wake up a little?
No.)

Can you move your left arm uf in the air?
How about this?

Can you do something with this left arm?
(BOTH ARMS FLACCTD.)

& little bit?
(RIGHT SIDE OF ‘THE FACE WINCED) *
“'Stick out your tongue.
(A TRAPEZIUS PINCH ON THE LEFT SIDE
PRODUCES A LITTLE BIT OF WINCE ON
THE RIGHT) .«
A1l right, well let's see you stick out_
your tongue, Mrs. K -
Can you stick out your tongue?
Huh, stick out your tongue.

(THE EYES ARE STILL DEVIATED TO THE RIGHTD

1:

L

0

(PINCHING THE LEFT TRAPEZIUS GIVES
WINCING ON THE LEFT SIDE OF THE FACE
BUT NOT ON THE RIGHT SIDE.)

How ebout in the toes here?

(POSITIVE TOE SIGN ON THE RIGHT.D

(NOTHING ON THE LEFT.)

Prisii
o

What have you got squeezed there with
the right hatid?
Boy, you got a good grip on the right hand. .
“Cen you let go? Let go.
You just keep on squeezing, --
You're not cooperating here.
Could you let go with this hand?
(POSSIBLE TRACTION RESPONSE)

N
Q
o

(SLIGHT TOE SIGN ON THE LEFT.)

(THE LEFT THUMB MOVED SLIGHTLY.)

There now you let go.

Now if you put & little traction

’ it closes right up again.

_g_R_IGHT LEG NOT FLOPPED OVER. RIGHT
HAND IS WELL COORDINATED, HOLDING ONTO
THE SIDE OF THE BED. THE EYES ARE NO

(NO TOE SIGN ON THE LEFT AND A LITTLE
BIT OF ONE ON THE RIGHT MOSTLY
FLACCID ALL OVER THERE.Y

Can you move this hand? (LEFT)

Give us a squeeze over here with

the left hand. (FLACCID)

LONGER DEVIATED.) |
Can you stick out your tongue Mrs. K --7
C(COORDINATED MOTIONS OF THE RIGHT HAND,
BUT NO SPEECH.)

(THE RIGHT LEG HAS GOT SOME TONE,
THE LEFT LEG HAS NONE.)
. (THE RIGHT ARM IS MOVING WELL.) ~~
Can you do enything with this arm? CLEFT) -
(N0, IT'S COMPLETELY FLACCID ON THE LEFT.) ..
How about a’"Happy Birthday"?

Can you say, "Happy Birthday"?
(SINGS) Happy Birthday to you,
= - La, la, 19...]

Mrs. K--, how about that?

« la, la, la...]
Moving your mouth.- __

(HAPPY BIRTHDAY) la, la, la..:

(MAY HAVE BEEN A LITTLE MOTION.)

(THE LEFT HAND MOVES WHEN THE TRAPEZIUS
1S PINCHED.)

CLEFT HAND MAKES PINCHING MOTION.)
Squeeze my hand. .

(PINCHED THE TRAPEZIUS.)

CLEFT HAND MAKES A PINCH.)

(LITTLE TONE -IN THE LEFT ARM.)

Now I'm going to rub your sternum.

Well, you're making a fist in the
left hend.,

Now, what if I pinched the trapezius?
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(SAINTS) La, le; la...

Let's try it a little slower tempo.
(HAPPY BIRTHDAY) ‘la, la, la..||

(RIGHT HAND CONTINUALLY MOVING. )

L
I think I have the wrong melody now mygeif.
How ebout Happy Birthday?

CHAPPY BIRTHPAY) L&, le, la..]]

o
Happy Birthdey.
Vake up and say, "hello".
Cen you say something Mrs. K--?
Bernice Sey, "yes."
yeg"?
Huh?
Can you.say, "yes"?
Can you say, "ha"?

‘Say, "eh..
Ah. ..
Cen you say, "ah"?
That's & little eesier than saying yes.
Can you open your eyes?
Open your eyes.
Make a fist over here with your right hand.

Cen you sey,

Now open it up, open it up.

" Keept it open, keep it open,

(KEEPS MAK!N(; FISTS AND OPENING. )

Keep it open.

Well, you got a good fist there, but you
aren’t keepins it open.

Can you keep it closed?

Keep your fist closed.

Keep it closed.

Now, no, no, keep it closed.

How about the left one?

Can you make a fist over here with the left one?
(COMPLETELY LIMP)

How about saying, "yes"? "Yes‘l"

Can you say, "yes"? Huh? Say, "

"yes,"

There's & "yes.

Sey it .agein, say, "yes."
YEAH Thet a girl.

Cen you stick out your tongue?
CTRYING UNSUCCESSFULLY)'

Cen you say, "today"?

Can you say, "la, la, la"?

(=S

ALl right now try
_ (HAPPY BIRTHDAY) la, la, la.
(HEAVY BREATHING)
(HAPPY BIRTHDAY) Ie, le, la.

Can you open your eyes?

. - Open your eyes.
(SHE SEEMS TO BE GOING TO SLEER,).
Can you raise up your hand?
Raise up your ha.né GROAN

Keep it open.

Keep your hand open.

5 GROAN

Now squeeze my fingers.

Give it a good squeeze, squeeze it.
Hold it, hold it.

GROAN

You're squeezing rhythmically, but you’re
not holding, hold it, hold it. GROAN
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Can y'Ou meke & fist with your other hand? ~~

Maybe she's singing.

Oka.y let's try that
(HAPPY BIRTHDAY) La, la, la...
000H
la...
O00H
la...

000H

(SODIUM AMYTAL SEEMED TO PUT HER TO 'SLEEP.).
Cen she Bay her neme?

Bernice

Say, "Bernice,"

Say, "Bernice."

Can you say, "Bernice"?
Bernice ‘Weke up Bernice.v

(HAPPY BIRTHDAY) Le, la,

(HAPPY BIRTHDAY) Le, la,

W
[s]

=
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_La, la, la...

Can you meke & pinch for us?
g““:f CLEFT HAND MAKES PINCH MOTION.)
Now, you re starting to move a little.

(THE EYES ARE STILL MARKEDLY DEVIATED

_ TO THE. LEFT.)

Cah you move this leg?

How about moving this one? .

Can you move it? (NOTHING:)

How about giving me a squeeze with
this hand?

Can you squeeze it?

Can you do anything?

Can you say, "hello"?*

Can you stick out your tongue?

Stick your tongue out

(EYES ARE. STARTING TO SWING OVER TO
THE RIGHT.)

(THE WINCE 1S STILL MARKEDLY ASYMMETRICAL,
BUT IT IS PRESENT ON THE RIGHT SIDE. D
Can you do something this (LEFT HANDD

Mrs. K --7 )

Give me a squeeze.

How ebout this one.’

Can you squeeze it?

Yesh, now you're squeezing with
the left hend.

Okay, now that's it..

Let go with the left hand.

Let go with it.

Can you let go?

Let go.

No, she's domg rhythmic movements.

Now squeeze —- hard.

(NO RESPONSE TO VERBAL COMMAND.)

Let's see what hafzpens if we rub the sternum.

(GROAN) CHEAVY eREATHlNG)
(MAKES A FIST ON THE LEFT.)

Can you move your feet?
Let's see you wiggle your toes.
oD

(POSITIVE RIGHT TOE SIGN NOTHING
ON THE LEFT.D

(WITHDRAWAL OF THE LEFT LEG.)

Cen you move a little bit of something?
What can you move? |

Can you stick out your tongue?

La, la, la... (MERRY WIDOW WALTZ)

Come on, wake up.

Wake up, Bernice.

Stick out your tongue.

Say, "yes. "

Cen you say, "yes"?

Can you say, "yes"?

Can you lift your arm up?

CRIGHT ARM VERY FLACCID)

How about this one?

Cen you lift this one up?

Can you do anything with your left side?

CLEFT ARM NOT RESPONDING.)
(BILATERAL WINCE IN THE FACE AND
WRIGGLE IN THE LEFT FOOT AND
MOVING THE LEFT HAND.)

Give me a squeeze.

. Here, I'1l hold on here.

Now, you squeeze my fingers.
You're not doing it.

You were doing it before.
Can you squeeze that?

" (MERRY WIDOW WALTZ)

How about Jennifer, can you sing
about Jennifer?

La, la, la... (HAPPY BIRTHDAY)
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CE
There you go, very good.
Now, can you say, "yes"?

YES
Uh huh, wake up & little bit now.
Thet & girl, don't go to sleep \dth the

|||1f1'||1°||n

Say, "today." TODAY

Say, "today is Friday."
TODAY IS FRL

Say it u.gﬁ.in & 1little louderf
"Poday is Friday.

5

Bernice, can you stick out your tongue?

Open your eyes Bernice.
Open 'em up.

e
°

0. (EYES ARE DEVIATED TO THE LEFT.)

(PUPILS ARE NORMAL.. D)

TODAY IS FRIDAY: 7:30 (THE FACE IS NOW WINCING
That's good now make a fist with both hands. —  SYMMETRICALLY.)
Make & fist. Ilgke & good tist. — Cul{ﬂ you move your right arm Bernice?
Make a good fist mow. T (VERY FLACCID.)
You're not doing it with either ome. ;.0 3
That's & good one, with the right one make ..  (BOTH LEGS F'-ACCII&-)
8 fist. Hold the fist with the right ome. . ~ You really are limp.
How ebout the left onme, can you make a fist —
over here with this completely flaccid aym?=- You're not even doins anything with
YES DOCTOR. 7:50  the left hand n
Okay, make o fist now. Hold my fimgers. —  Can you do myxhing with this left
Don't let go. Don't let go. Hold it. .~ Gi*‘““
AL RIGHT SIR, = ve me & squeeze.
No, you're doing very week. o.n, Can you say, "yes"?
Hold on tight. Now open it up. __° La, le, la... (MERRY WIDOW WALTZ)
MIMBLE __
Open your hand, open it Up. - (FACE IS SYMMETRICAL ARMS NOW
Open it up. That & E1rl. . “Ape SYMMETRICALLY LIMP.)
Very good, open it all the way. 8:10
MIMBLE —
Open it up ell the vay, that's fine. —
Can you open the other one? Open the other ome. —
How about viggling your toes? =~
Viggle your toés. Just the right omes. 320 CPOSITIVE LEFT TOE SIGN.)
Can you, wiggle /the left ones? "~ (WINCES WHEN RIGHT FOOT IS SCRATCHED.)
Wiggle all your toes.
; MIMBLE — p
That's pretty good though, you wiggled more, n.qq CWITHORAWS LEFT FOOT A BIT.)
- 8:30
Can you stick your thumb out on this hand? oo (SLIGHT WITHDRAWAL.D
Stick out your right thumb. Nope, ..
Doesn't seem to work very well, does it? _
Now, why is it you're sble to follow & —  Thefe you are.
__ verbal request to wiggle your toes g:40 Can you say; 'ves," now?
when you can't do the left side at all? —  ypo
Why is thet? 'STUPID — —— .
Can you viggle your left toes? = ’11:"“1“ zirl, J?r:ém:vlk; that,
3 (HEAVY BREATHING) — By LG LR 100W WALTZ)
No, that's the right toes. 8:50
Let's see you make a fist. — o
Meke a fist. ‘You' ing to sleep. == ol <
Tou're going e u§, — LA, LA, LA.... (MERRY WIDOW WALTZ)
That's it make a fist. —
Mske & fist on both hands. 9:00 ) .
Cen you make & fist on the other hand? —  (RECOGNIZABLE MELODY.)
I'LL TRY. You can try. —
- MMBLE  —
Cen you tell us what three plus four is? ..
SEVEN ‘Thet's right. 9:10
How sbout five plus twol [ yoy apout Happy Birthday?
What's five plus two? __  la, la, la... CHAPPY BIRTHDAY)
S5 ° SEVEN —  mry that.
Thet's right. 9:20
Now wake up & little bit. — 14 [a
I've got & hard one for you. == — — LA... (HapPY BIRTHDAY)
How much is five plus eight? —
EE Un'huh. (7. (RECOGNIZABLE MELODY.)
THIRTEEN (OR) (FIFTEEN) (7) .~
How meny? THIRTEEN —
. Thirteen is correct.
fow, cen you sing Happy Birthday?.g. , What day is today?
Sing, "la, la, la..." ..~ What day is today?
(HAPPY BIRTHDAY) __
O00H Go ahead. YOU —
YOUR MAKING YOURSELF SUFFER. ——  Whet.day of the week?
~ We'll suffer, just sing. 9:50 2 LOVAVOVEY?
. _Go shead. T “ypat's two plus two?
CHAPPY BIRTHDAY) Le, le, la... T oo’ " \ro
WELL I'LL DO IT FOR FOR A HAPPY BIRTHDAY. _ S
TFor Jennifer. FOR MY DOLL 10:00 ity oo 1ug tuot
Yesh. HAPPY BIRTHDAY ~~ :
HAPPY BIRTHDAY — _
(MORE SPOKEN THAN SUNG) ——— ————— __ SEVEN - DOVEY
HAPPY BIRTHDAY 15,1 No, it's not seventy-three, no.
DEAR JENNIFER -~  Cen you g2y, "yes"?
HAPPY BIRTHDAY TO PRINCESS == 50>
HAPPY BIRTHDAY = 125
How about Wh... 1q.p0 Whet month is it?
Would Jennifer like to hear you sing the __ THE SEVENTH
saints? She might. — Ko, ‘Beptember. s
(SAINTS) Ia, la, la... - | Cs‘:“ Y‘,"‘;::Ve;b:-’l’te“"
1 HARDLY THINK SO DOCTOR. == o 8 s IZVIN
How avout... How about the "Merry Widow Walvz,v 10:30 SEVEN - .S Ynrad™
Let's try that. — Cen you say, "one, two, three
- L == SEVEN
la, la, la... Go shead.
LA, 1A, IA... muAR Yo, no, no.
(SINGS MERRY WIDOW WALTZ.) 10:40 Say, "one, two, three."
CPOOR MELODY) __
(MELODY DETERIORATES) —
Le, le, la... 1A, LA... —
2 10:50
Le, 14, le... A, LA, - How 'bout the Saints?
— La, la, la.’. (SAINTS),
Le, le, la... LA, LA, LA... —  (AVEY)
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Can you say, "Today is September the fifteenth’?

Fridey, September the fifteenth"? —
'LL TRY IT. Uh kuh., —

'IUDAY IS FRIDAY, "

SEPI'EEER THE FIFTEENTH,

You're sbsolutely right.

What day will tomorrow be?”

FIFIERN IT WILL EE.

IT WILL BE UH AUGUST?

It's still going to be September ~ tommorrow.

SEPTRMRER
I'M SORRY,

What day is 1t tomorrow? 1

What day of the week?
SATURDAY,
SEPTEMBER THE SIXTEENTH.
You're absolutely right.”
Fow, can you make & fist with both handa?
Meke o 1ot vith both nandp..
Yés, Jou are moving the left ome now very wel
Make a real tight fist over here. Fair.
Now, let's see you move the toes on both feet.
Wiggle 'em. There they go.
(BOTH WIGGLE.)
Would you like to have us teke the needle
out and heve a little something to drink?
DOESN'T MATTER DOCTOR.
I'M JUST FINE.
Okay, sing Heppy Birthday end then we're
ne.
I'M JUST VERY THIRSI‘Y
“We're going to give you & ‘e arink of water here
in ebout three minutes.
You sing Heppy Birthday.
QOH

IIIHSIIIIRHII|51I|IE|II|EII‘II

@HY DO YOU PUNISH YOURSELF DOCTOR?
Because we 1iKe, the pain.

Now,

(SINGS)

PY BIRTHDAY TO YOU]

HAPPY
HAPPY BIRTHDAY TO YOU|

to you.

(SINGS) T ——

HAPPY BIRTHDAY DEAR J'ENNIFER

HAPPY Blm‘{ T0 Y()\J

™ Gooa. 10 YOU]

Jle éré now going to pull out the needle

and I have to press on your neck so it

won't bleed and that hurts a little bit

Ve're going to press on there.
I don't'think you'il like the pressing,’
body does.

Happy Birthday

11:10‘

L‘I

II\IKSIHHG!I.'!S

O
8

13

Yes ma'em, you're & super, super patient.
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11:00 How &bout that?
, 1la, la... (SAINTS)
ot
Give me e squeeze.
Can you squeeze here?
The right arm is still kind of limp,
ien't 1t?
How about this one?

Let me see you. wiggle your toes Bernice.

Wiggle.
You \dggle in the left ones.

I
S

Oh, there's a ljttle wigsle on the right . one.

Yedh, not. nearly as good as the left.
Let me see you make a fist.

Make & fist.

No, that's just the left hand.
Meke a fist with both hands.
Make a fist with both hands.
Now, open your hand up. Open up.
Open, open, open, open.

You're not opening.

Make & fist, tight fist.

Make & fist.

IS
o

You're sticking your thumb out in the left hand there.
I don't think you got your instructions straight.

Give me & squeeze.
That's a good squeeze with the left hand.
Now, you have to let go.
Squeeze with the right hand.
CSLIGHT emp ‘ON THE RIGHT HAND FOR THE
- GIRSE THE D e gt
Let me see you wiggle your toes sgain.
Wake up-and wiggle your toes.
Viggle your toes.

el
3

8

Say, "yes." YES A
10 ay, igeptenber.” SEPTRMBER

That's quite good.

Vhet ye:x' is 1t? SEPTEMBER
at's vhat month 1t ds.
What year? NOVEMBER

No, whet year is it

19997 No.

It's 197_7

What?

197_2 I - - DON'T KNOW
Can you say, "two"?

.Say, "two."

-Yeah. " "

Now say, "1972."

ke 9T

72

Well, that's pretty good.
What's two plus two

San vou tell us what two plus tvo is?

3

o)
S

PLUS
TWO ~ Yes, whet is that?

I'M SORRY - -

- -THAT I DIDN'T - - MUMBLE?
If you add two and two, o, what do you get?

THO AND TWO Yeeh.

Two and two?
THO AND TWO

8

Two and two equals what?
THO AND WO Yeah-
S- e

ARE
What's the name of this town we're in?
Where are we?

g

That's the state, what's the city?
OH, I'M SORRY,
U UH
What city. UH
Do you know the neme of the hospitel?
YES.
UM MM MEMORIAL?
That's pretty good.
W¥hat's my neme? DOCTOR BOGEN.
Thet's pretty goo
Wnet's your name? BERNICE K--
Whet month is it?
SEPTEMBER SIXTEENTH.
Yesh, vhat, uh, whet year?

S
=3
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Can you tell me what year it is?
1 WILL.

I
3

say, "1972"7

it with the right k
8.

=
S

go.
Open up both hands.

Open up both hands all the wvay,
that's good.

Now meke a fist with both hands.

Make a fist.

Now stick out the thumb on both hends.
Can you stick out the thumb?

ey
]

S
3

Ah, there 1
Not g0 good
Well, you haven't recovered there
Do the Saints there.
» la, la... (SAINTS)
1A, LA, LA... CSAINTS)

i
°

O0H, MY VOICE.
That's great.

8

Figure

Can you tell us where we are? CALTFORNTA

yet, have you?

give me'a grip now w:ltH this hand? (RIGHT.)

You're not snckmg out the thumb on the right hand yet.

g (conte)



PoDe (LEFT) 23 OCTOBER 1969

TWO

FLVE SIX
SEVEN ELGIT
NINE

ONE

(INJECTION OF SODIUM AMYTAL)

Can you make fist?

Meke a fist. _

Can you make a fist?

Neither leg went down and the _

arms both lack some tone.
‘Can you make a fist with this?
(E SHOWS HAND) an you'make a fist?

Watch my hand.
Can you say 'yes'"?
YES

(E SHOWS FIST)
Phillip!

Meke & fist with this hand. Make a fist. .
Can you meke a fist? i

(NO) . Make a fist.
Can you do what I'm doing?
(E CONTINUES TO SHOW FIST) See what I'm doing.
Make a fist. Make a I‘lst
(s RESPONDS)
That's it, good.
Can you do this? See.
Look right at my hend.
Can you do this?
Can you look at my hand? Here it is do that.
a Can you sing La, La.TLa {:h't
LONDON BRIDGE") oyr The
LA, LA,

(S CONTINUES SONG WITH FAIRLY GOOD MELODY)'

What dsy is today Phillip? _

Can you say what day today is?
It is , o
Can you say yes""
YES
Can you say "No"?.
NO.

Can you say what today is? -

TODAY IS FRIDAY.

Where was Dr. Gordon born?

ILLINOIS.

L
.1:20 La, La, La .

P.D. (RIGHT) 17 OCTOBER 1969

ONE
THREE  FOUR
FIVE |

(INJECTION OF SODIUM AMYTAL)

Keep counting.

Can you count?

Can you count?

Sey six, seven.

No! He is just breathing deeply.

The right leg went down all right.

Can you make a fist with this hand?

Make a fist with your left hand.

You're holding it up in the air nicely.

Can you make a fist with it?

Can you meke a fist with your . (S RESPONDED WITH LEFT HAND)
That's the idea. Let's see you stick out your little finger.
Stick out your little finger.

No. 'Can you say yes?

¥ES

Very good.

Can you tell me what day today is?
FRIDAY

OCTOBER

0:5C SEVENTEENTH

0K Let's try "London Bridge".

La, La, La . (E STARTS TO SING)

TA; BA; 1A &

(S SINGS)

(MELODY ALMOST AS GOOD AS BEFORE INJECT ION)

That's all right

1:10 La, La,-La . . . (E SINGS AGAIN "LONDON BR|DGE")
Like that.

e
LA, LA, LA

(S CONTINUES AS BEFORE)

LA, LA, 1A .

o HOW_DOES IT 60?7
Well, you did pretty well.

Can you meke a fist with your right hand?
Your left leg just fell down.

Can you meke a fist with the left hand?
Stick out your left little finger.

Can you stick out your left little finger?
NO, I DON T . (MUMBLE

13

1:40

Very good.
Let's see you make a fist in each hand.

Can vou meke fist?
(S RESPONDED)
Now stick out your thumbs.

Stick out your thumbs.

You are moving your left fist very well —~

but not sticking out the thumb.
- Can you stick out your thumb?

Let's see you put both hands down.,-

You did. You put both of them down.

" 0K

E)

Yry it. Stick out your left llttle finger.
Open up your left IMand.
Can you open it up?
l ’O Open it up all of the way.
-~ " Now meke a fist again.
Make a fist.
Make a fist w1th your left hand.
DR. BOX — HOW'S THAT

(MUMBLE)

Open it up. (S RESPONDED)

2:00
-- Can you remember vhere Dr. Gordon was born?

Figure 1I=-6
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(NOTE: NEVER A DEFINITE 2:10 Where was I born? (DR. 6.)

PARALYS|S ON LEFT SIDE) -- PHILADELPHIA

PENNSYLVANIA
T wasn't born in Philadelphia
Pennsylvania (DR. é. ).
Where was I born? (DR, G.)
=~ Come on, I told you where I was born. (pR. G.)
~"  Wnere was I born? (DR. GORDON MOVES INTO S'S VIEW)
La, La, La . . . -- OH, IN ILLINOIS
(E STARTS "LONDON BRIDG'E") 2:30 That's good.

I'm going to tell you where I was born.

(S'S BIRTHPLACE)

Can you sing again Phillfp" 2 2C

LA, LA, LA . . | -

_— = See if you can remember it tomorrow.
3 =~ I was born in Ohio.
L4 = ?
(S SINGS "LONDON BRIDGE") S Cad Fou sy Ohlol
’ __  ouio
« OK. Thank you. __ Yeah very good.

Now, can you make a fist with this hand?

With your right hand?

2. 50 Make a fist with your right hand. (S RESPONDED CORRECTLY)
Yes, you made a fist with your right hand.

. Make fist with this hand. (LEFT)

Can you make a fist with both hands?

_ Make a fist with both hands.

3:00 Can you meke a fist with this hand?

i You've got good tone in that arm all right.

Make a fist.

Make a fist with this hand.(RIGHT) (S RESPONDS CORRECTLY)

Can you stick out your little finger?

3 10 Like this. Stick out both little fingers. (£ DEMONSTRATES)

Can you stick out your little finger?

You stuck it out on the left one.

And now on the right.

Very good - OK

3:20

3:40

-- Can you say . . .

-~ Say "yes'" again.

- YES

;50 Yesh. You ‘dén't have any trowble with that.
~'77 Let's try "London Bridee" again.

— 1A, LA, LA(S STARTS TO SING)

-- La, ‘La, La . . . '(E HELPS)

" COULD YOU TELL ME HOW IT GOES?

4:00

-~ Yeah, La, La, La .

__  Try that.

T JLA, LA, LA . . .

b1 (S SINGS ALONE WITH GOOD MELODY)

- Try "Happy Birthday".
- Ja, La, La . . . (E STARTS "HAPPY BIRTHDAY")

(S CONTINUES "HAPPY BIRTHDAY'")

- L (s sTOPS)

La, La, La . . . (E HELPS)
L:30 can you do that?
e BTl Lk, T . » &

(S CONTINUES "HAPPY BIRTHDAY")

4:30% yoy got the rhytlim-pretty good I'd say.




-l T
Discussion

The most notable finding was that singing was more impaired
than speech when the right hemisphere was depressed but less impaired
than speech after left hemisphere depression. A similar left-right
dissociation between the two functions has been implied in previous
case studies but none have been able to exclude the possibility of
functional compensation by the intact hemisphere between the time
of injury and the time of tests. Furthermore, only a few accounts
have canpared musical ability before and after cerebral injury. The
present study avoids both of these weaknesses. The singing dys-
function is measured in the present patients before, during,‘and
after a "reversible hemispherectomy" where typical symrtoms of uni-
lateral hemispheric ablation are temporarily induced only to fully
disappear same minutes later. Consequently, direct comparisons of
the performance of one hemisphere can be compared to the normal
functioning of both, in the same individual. Not only does the rapid
reversal of symptomatic hemispherectomy render the question of
functional transfer to be meaningless, but also provides critical
"pre-injury" data.

Therefore, we can confidently assert from our observations
that these patients normally depend more upon their right hemisphere
for the tonal qualities of singing than upon their left hemisphere.
This is particularly meaningful because these individuals (except P.D.)
have a well-established left hemispheric dominance for speech, not
only on the basis of the amytal studies, but also on the basis of

testing following cerebral commissurotomy.
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It must be emphasized that the major deficit in singing after
right carotid injection was the production of the correct pitch.
Rhythm was hardly affected at a time when singing was either mono-
tonic or markedly off-key., Rhythm was also not affected after left
hemispheric depression which, in this case, was in accord with the
relatively good quality of singimg. It is apparent, therefore, that
the ability to produce rhythm for singing is a function that can be
equally well mediated by functions in either the left or right hemi-
sphere alone, whether or not there exists the ability to sing on
pitche This finding is supportive of an hypothesis put forth in
Section I that the reason there were no ear differences in melody
recognition in the dichotic listening task was that the distinctive
cues may have been rhythmic rather than tonal. It was the chords
stimuli, devoid of rhythmic or temporal quality, which showed the
left ear dominance, thereby indicating a supsrior performance by the
right hemisphere. Milner also found perception of rhythm was not
affected by either a left or a right temporal lobectomy( 9 ).

Whereas tonal control was the characteristic deficiency of
singing after right carotid amobarbital injection, there was no evi-
dence of similar tonal defects in speech. Patients did not speak in
a monotone but rather maintained natural voice inflections in spite
of some disturbance from dysarthria associated with the systemic
distribution of the barbituate. It is concluded that pitch control
for singing is not only a function separate from the control of speech-
pitch, but that ié\is represented in the right hemisphere while tone

control of language is represented in the left. This conclusion is
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consistent with the view that dysprosody of speech is a variant of
aphasia typically associated with left hemisphere lesions(20,21).

The present findings are contrary to the general belief of
early reviewers(22,23) who thought speech and singing were both
lateralized to the left hemisphere. This view followed from the con-
cept that the left hemisphere was dominant overall while the right
was only an extra or reserve organ. The modern idea is that each
hemisphere is differentially dominant for complimentary capacities(24,
25,26,27,28).

We can now add pitch control for singing and recognition of
chords to the list of cognitive abilities for which the right hemi-
sphere is dominante. It is difficult to see how these musical aspects
can be called, "spatial," in the same sense that an object or pattern
has length and breadths Yet these general facets are better perceived
by the right hemisphere. However, if the word, "spatial," can be
understood as "having no time dimension," then a direct parallel
between auditory and visual or tactual modalities can be made. The
change in terminology simply shifts the emphasis from the right hemi-
sphere's analyzing objects in space to analyzing them as whole, non-
temporal entities. Conversely, the left hemisphere's analysis of
objects has been shown to require a sequencing or ordering as has been
demonstrated for some auditory(29), visual(30,31) and tactual(32)
stimuli. The simultaneous-sequential idea is not new(33) but it
has not yet been associated with auditory stimuli. Our data indicate
that time may be of the essence in describing asymmetries of cerebral

function=-the left hemisphere being marked with its presence and the

right hemisphere characterized by its absence.
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III. VERBAL AND NON-VERBAL AUDITCRY INVESTIGATIONS
IN PATIENTS WITH MAJOR BRAIN SURGERY
A. Musical Abilities after Hemispherectomy.
Introduction

It is well=known that cerebral damage incurred in childhood
is far less incapacitating than comparable damage acquired by adults.
The usual explanation is that the brain is still plastic at an early
age and apparently capable of functional reorganizatim(l). Severe
trauma and disease to one hemisphere in children causes normally
lateralized functions, such as speech or spatial orientation, to be
transferred from the damaged brain to be squeezed together with the
functions of the intact hemisphere. This is demonstrated when the
specialized functions of a diseased hemisphere are retained even if
the hemisphere must later be surgically removed(2,3). Had the functions
not transferred or had they only partially transferred, they would have
been lost or severely impaired after surgery. The age at which
cerebral plasticity becomes minimally active or non-operable has not
been establishede A common idea is that the critical stage cannot be
fixed decisively and is a chronological continuum, the upper limit of
which is puberty(l).

Adult patients have a far worse prognosis for recovery fram
behavioral deficits caused by severe trauma and brain damage incurred
after age 18, The question of plasticity in this regard is still open.
"Spontaneous" recovery within the first few months after trauma may

well reflect a subsidence of diaschisis; long term recovery, due to

relearning by other cortical areas or to transfer of function to the
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opposite side, is probably less frequent(4). With regard to aphasia,
handedness and degree of language lateralization may be a significant
factor(5). Adult cases of complete hemispherectomy so far reported
have been documented to have some symptomatic recovery in functions
usually lateralized to their excised hemisphere. Dominant (left)
hemispherectomy cases will have minimal recovery of speech(6,7,8)
and non-dominant cases will have limited ability in visuval ideational,
spatial, and other non-verbal tests(9). Conversely, cases of non-
dominant hemispherectomy are generally unimpaired in verbal skills,
while in one case of a left hemispherectomy, spatial and musical
functions were much less affected than verbal functions(10). It is clear
that strict lateralization to the left hemisphere for language or to the
right for spatial qualities and music is not an acceptable model. The
problem is a matter of degree where a cognitive ability may be laterally
specialized in one hemisphere and not in the other, but is never com-
pletely absent in the less dominant side.

A grey area of uncertainty encompasses the degree of lateral
specialization in a partially mature brain. With reference to aphasia,
the relatively few reports of childhood trauma do not have clear con-
clusions regarding recovery(l). In these cases, the reasons for and
the mechanisms behind functional recompensation or interhemispheric
transfer simply cannot be determined. Very few reports exist on
hemispherectomies in children whose cerebral damage occurred later
than infancy. Two cases were reported by Gardner @b al.(11): One
was a 9=year-old right=handed female who could talk without evidence

of impairment. Learning took place after her operation; attention
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and mental ingtegration improved. The other patient was left-handed
and had a left hemispherectomy at age 10. Aphasia had accompanied
initial seizure activity that occurred one year before the operation,
but speech was relatively intact posteoperatively exeept for per-
sistent evidence of anomia and alexia. The only other case report is
of a boy who showed first neurological signs at age 14(12). A
malignant glioma was removed but its recurrence resulted in a left
hemispherectomy. The patient regained excellent language compre-
hension contrasting to a relatively slow speech recovery. He was
cheerful and alert and reportedly enjoyed music immensely. Language
expression seemed to have reached a plateau of recovery.

The present study is a report of observations on two young
hemispherectomy cases, one left and one right. These patients
are extensively studied by a number of investigators in the areas
of language, memory, and other cognitive functions(13,14,15,16).
The present study was limited to observations of music and singing
which has been shown in the previous Section of this Thesis to have

special representation in the non-dominant cerebral hemisphere.



Observations

Right Hemispherectomy
The first subject, D.W.(seen through the courtesy of I.G. Gill of
San Marino, is an adolescent male(age 15) who had undergone removal of

the right hemisphere by Dr. J. Green of Phoenix at age 7 because of

acute encephalitis. The surgical excision included all of the cortex
but spared the basal ganglia. Prior to the operation the patient was
left=handed; but intracarotid injection of sodium amobarbital before
surgery indicated speech lateralization in the left hemisphere.
At present, the patient is ambulatory, talks well, and goes to school.
He cannot voluntarily move his left arm but has use of his left leg;
he can walk rapidly and manage stairs with relative ease.

The Seashore Test of Musical Abilites(17) was administered
to this patient in one session. The test battery consists of 6 sub-
tests of musical aspects such as Tonal Memory, Timbre, and Rhythm.
The results revealed a severe deficit in each section of the test.
The patient not only scored poorer than average, canpared with a
standard of normal school children of grades 6-8, but actually failed
to reach a level higher than could have been attained by chance
guessing. Two exceptions were the subtests measuring Timbre and
Loudness where scores were still subnormal but above chance level.
The patient's performance on this test can be compared to a group
of patients with temporal lobe excisions(18). Those who had left
temporal removal showed little impairment but those with right
lobectomies were significantly deficient on most of the subtests,
especially Timbre and Tonal Memory. Nevertheless, they were consis-

tently better than the present patient and considerably above a level



of chance guessing.

The hemispherectomy patient returned for three additional
sessions in which only the Pitch and Loudness subtests were repeated.
The test method was changed so that the stimuli could be channeled
through stereo headphones instead of a loudspeaker. The third test
session differed from the first two in that the test stimuli were
reconstructed so that they would be easier to discriminate. Results
shewed that performance on the Pitch Test still remained at chance
level in each session including the one with simplified discriminanda.
In fact, further informal testing showed that this patient could not
‘consistently distinguish the difference between two tones that differed
by as much as one full musical step. This evidence supports the
hypothesis that the left hemisphere is a poor discriminator of pitch
and that the right is needed for this task.

Pitch was tested more directly by use of a toy xylophone,

Only four tone-bars (C,E,G,B) in the same octave were used; all others
were removed. The examiner struck one of the bars with a plastic mal-
let out of view of the patient. The response was simply to find and
play the same tone. De.W.'s performance on this task was variable.
Most of the time he would hit the wrong bar but claim it was the same
as the one he had heards When guestioned, he would usually insist

his choice was correct while smiling as if the examiner were trying
to talk him out of a correct decision. Surprisingly, the patient
cquld perform the same task with only a few errors in a minority of
trial runs, only to fail in a second try. Apparently, there are cues

which provide the patient with enough information to perform the task,
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but at a threshold level so that performance may deteriorate with
any distraction or drop in motivation.

Singing in this patient was poor. When he would try to hum
along with familiar songs on the radio, the melody would have only
a vague resemblance to the correct version., Solo renditions of songs
that he knew or with which he was more familiar were also sung quite
poorly although they were not unrecognizeable. A better performance
was elicited when he was allowed to sing the simplest of songs such
as "Happy Birthday" or '"Jingle Bells."

The specific ability to hear and sing pitches was tested in
two wvays. In the first, the patient was required to listen to two
successive pure tones taken from the Pitch subtest of the Seashore
battery. The pitches cemprised an interval of approximately one-
quarter tone and it was the patient's task to sing the two tones
exactly as he heard theme The result was a failure, While occasionally
he was close to the correct pitches, most of the time the interval
was far from accurate or he sung the low pitch first when he should
have sung the high, or the high pitch when he should have sung the
lows The test was repeated in a second session but instead of the
Seashore stimuli the experimenter sang the demonstration tones which
were comprised of intervals greater than one=quarter of a musical step.
In this version, the patient sang much better, always reproducing the
high and low tones in the correct order, and more closely approxi-
mating the proper pitches.

Rhythm, in contrast to melody, was generally well-reproduced.

At a time when D.W. was singing songs with his usual poor melody,
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the rhythm of the song was sung essentially without error. He could
also tap his hand in rhythm to well-know songs, but was more im-
precise with songs of which he was less familiar. He could imitate
short, simple rhythms tapped by the examiner as long as they were
relatively slow. Fast songs and fast rhythms resulted in failure,
but it was unclear whether this was a musical defect or purely a

motor one.

DeW.'s deficits in singing are in sharp contrast to speech.
The patient is very verbal, talks freely, and seems to have no
trouble expressing himself. There are no obvious aphasic deficits.
Perhaps the best way to characterize this patient is that he is a
poor singer. He exhibits all the symptoms of being "tone deaf"
since he can hear only the large pitch differences and sing only
the most well=known songs. Of course, it is true that one could not
predict how this patient would perform had he not had cerebral
difficulties although the patient claims that he never could sing
very well. But it is clear that singing and musical ability are
far inferior to speech and language ability, and that he is

functioning with only the left, dominant hemisphere.
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Left Hemispherectomy

R.S.(seen through the courtesy of Dr. J.E. Bogen of Los Angeles)
is a 12-year-old female who had undergone surgical removal of a malig-
nancy in the left cerebral hemisphere at age 8. A recurrence of the
tumor required subsequent excision of the complete left hemisphere
two years later by Prof. P.J. Vogel of Los Angeles. The second
operation reportedly had little effect on the patient's speech al-
though the evidence is anecdotal and was not tested directly. She
has since had subsequent opsrations to install and adjust a
ventricular-jugular shunt to aid fluid evacuation of the surgical
cavity which has had retarding effects on her ability to speak well.

Her general health is good except that she is severely handi-
capped with hemiplegia and homonymous hemianopia. She is alert and
active and particularly likes to swim. Her disposition is warm and
friendly and she seems to love canpany. However, she tends to act
silly at times and her teacher has reported that she can be a
behavioral problem in class.

Speech comprehension has improved since her last operation
and is presently quite good, more than two years after hemispherectomys
She appears to understand most ef all that is said to her including
complicated syntactic instructions such as "Put an X on the picture
which shows what we sleep in," or '"Draw a cat under the table™(1L).
However, verbal expression is still severely impaired. She can miniw
mally read and write and has a mediocre ability to name objects or
colors although she can recognize the correct names when spoken to her,

In contrast to speech, R.3. exhibits excellent singing ability.

Her parents report that she has always enjoyed singing and that her
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ability apparently has not changed as a result of any of her surgical
ordeals. A tape recording was made of several songs sung by the
patient three weeks after her dominant hemispherectomy(19). She sang
songs such as "Yankee Doodle," "Jingle Bells,™ and a complicated
Hawaiian song with excellent melody and remarkable clarity. In
addition, Re.S. sang each song camplete with the lyrics while speech
at this time was limited to single words and short phrases.

Recent testing reveals no significant changes in her singing
ability. Her parents have reported that she has learned new songs
from the radio or from activities with her peer groups. Several songs
are among the patient's repertoire which are sung melodically and
rhythmically correct and, as before, complete with words. In contrast,
when she is asked to repeat tﬁe words of a song without singing the
melody, she has a difficult time and typically fails after a phrase
or two. If she is coaxed to try again, she can often repeat one or
two lines and then have to repeat the song silently to herself in or-
der to be able to continue where she had left off. There are some
exceptions when she can manage to recite the whole text of a song
at ohe time,

The Seashore Test of Musical Abilities could not be admin-
istered to the patient in a normal way because she could not seem to
grasp the instructions. Instead, only the Pitch Test was presented.
The test consisted of two pure tones which were played in succession.
Rather than decide whether the second of the toges is higher or lower
as dictatéd by the normal method of presentation, she was simply asked

to sing the two pitches. Not surprisingly, she performed the task with
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remarkable ability even though the interval between the pitches was
only one-quarter of a musical tone.

In a similar test where the stimulus pitches were sung by the
examiner but with intervals greater than one-quarter tone, the patient
again responded with an excellent performance. However, when three
individual pitches were sung as stimuli, the patient had difficulty
in remembering each of them even when the intervals were as great as
a musical third. Her memory impairment was not specific to music,

however, as it was evident throughout all testing.

The xylophone test was presented in the same manner as with
DeWe The examiner played one of four tone=bars with a plastic mallet
out of the patient's sight. The required response was to find the
same tone. During the first part of the test, the patient obtained
excellent scores, hitting each tone accurately or, if she made a mis=
take, finding the correct tone on the second try. But as the test
progressed she became steadily worse. It was still apparent that
after each wrong tone she knew her mistake, but she would hesitate
before making a second choice, and then would play the same tone she
had just decided was wronge Other times she would choose the wrong
tone altogether, It is possible that she was confusing her own wrong
response with the stimulus or that the summation of tone stimuli
from trial upon trial was interfering with her performance. Another
factor was her memory problem. In the xylophone test, it was found
that if she were required to wait 10-15 seconds before she tried to

find the correct tone=bar, her performance would drop.
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In contrast to the previous patient, it is known that R.S.
could sing prier to the first appearance of malignancy. But it is
notable that with the lack of development of good speech, singing has
remained as excellent as ever. Again, the hypothesis that the right
hemisphere is critical for certain musical function is supported.
Just as language needs an intact left hemisphere for expression so

do certain aspects of music need a good right hemisphere.
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Be Functional Deficits following Partial Surgical Division of the
Forebrain Commissures in Man as Determined by an Auditory Test.

Introduction
Extensive testing has been carried out on two patients in
whom a partial surgical division of the forebrain commissures has been
made leaving intact the posterior-most part of the corpus callosum.
The surgery, undertaken for relief of intractible epilepsy, was less
extensive than in previously reported patients by Sperry and others

(20,21,22,23) in the hope that the therapeutic benefits would be sus-

tained but that the severe cerebral disconnectim symptoms would be
avoideds Up to now the worthwhile analeptic effects have persisted
and, as expected, these ratients show a remarkable paueity of the
typtcal behavioral deficits found in the usual, more complete split-
brain cases(24). In particular, these patients can easily cross-
match objects felt in one hand and retrieved with the other; they
can pair pictures between the left and right visual half-fields; and
they can match pictures or written word-names with objects in any
visudl field=retrieval hand cambination--all in striking contrast to
the previous brain-bisected cases who have had the more complete fore-
brain commissurotemy. Subtle shapes and forms such as jigsaw puzzle
pieces and bent wire forms were also found to be transmitted from one
side of the brain to the other through the splenial portion of the
callosum.

The same high level of interhemispheric communication was
found to prevail also in the auditory modality. That is, these

patients responded more like normal controls than like the patients
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with complete commissure section, exhibiting no more unusual left-
right asymmetry than normals in routine auditory testing. However,
an abnormal oddity did appear in these auditory tests. When separate
verbal messages were preéented to left and right ears, they seemed
to get mixed together in a peculiar way: Instead of being reported
successively as in normal subjects, a brief message presented to one
ear together with another message in the other ear were instead re-
porbed as a jumbled mixture. Typically a word or two would be re-
ported fram one ear, then some words from the other ear, and then
back again to the first. The normmal way is report from one ear and
then the other. It was hypothesized that some filtering or inhibiting
system through the callosum had been severed by the partial commissure
surgery in these patients, thereby preventing the more normal,
separate, and successive processing of the two inputs. Both inputs
became combined inte a single jumbled piece of information. The present
study sought to accentuate this odd jumbling effect and to assess the
possible changes in the auditory system caused by the partial surgical
division.

Verbal information from the left ear most likely gets to the
left speech hemisphere from the right side via the corpus callosum.
The ipsilateral route is generally found to be the weaker(25) and
less important in dichotic listening studies(26,27). The hypothesis
that prompted the present study predicts the existence of some path-
way that would normally pass through the anterior callosum and have
the effect of separating, attenuating, or even briefly blocking

interhemispheric transmission of information. (See Figure III-1.)
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The hypothesis was tested by introeducing meaningful stimuli
into one ear and then noting the amount of disturbance that is caused
by a distraction to the other. In other words, we were simply
testing the subject's ability to ignore irrelevant and distracting
stimuli arriving in one ear, and to attend to meaningful and task-
dependent stimuli in the other ear. The prediction was that the two
patients with partial commissure section would be poor at this task
compared to normal controls.

Methods

The stimulus information was a long list of simple words

which was presented to one ear. The subject was required to repeat
each word of the list as he heard it. That is, the subject had to
listen to the first word, and then quickly repeat it before he heard
the second word, and so on, until the end of the word list. If he
left out words or mispronounced them, he simply went on to the next
word rather than lag behind. The rate of presentation increased until
the subject simply could not keep up with the words,.

The distraction stimulus in the other ear was a delayed
feedback of the subject's own voice as he repeated the words of the
liste As each word was spoken, it was recorded on audio tape and
then played back about 200 milliseconds later. This voice delay has
been shown to be quite disconcerting for most people(28) as evidenced
by several obvious speech defects. In this test, only gross mis-
pronunciations and substituted or omitted words were counted as in-

correct, while minor distortions were accepted.
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The experimental design was relatively simple. The word list
input goes into one ear and, as the subject repeats each word, a de-
lay is introduced and the result is heard in the opposite ear. The
test was presented with the stimulus words in the left ear with the
delayed feedback in the right ear, and then presented again in the
reversed situation. The lefte-right order of ear presentation was
changed from session to session and from subject to subject.

The set—=up so far described allows measurement of the subject's
ability to concentrate on one ear while the other is being distracted.
In order to measure maximal confusion that delayed feedback is capable
of producing in these subjects, another experimembal condition was
designed as a controle In this situation, both the word list amd the
delay went into both ears. In contrast to the test situation, the
control condition provided both ears with the word list and also with
the delayed feedback so that the effect of the distraction could not
be avoided by attentional shifts from ear to ear.

Results

The results reflect a basic difference between the patterns
of performance for the two patients with partial commissurotomy as
compared with performance patterns for a normal control group. The
difference was that the partial section patients made maximal per-
centages of errors not only when the delayed feedback was presented
to both ears together but also when presented to only one ear alone.
In contrast, the normal controls had the greatest percentage of errors

only when the delayed feedback was in both ears but not when in
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either one alone. It also appears that the disturbance for the left

ear was not equivalent to that of the right in either of these two
subject groups. There were more errors in the condition where the
stimulus words were presented to the left ear and delayed feedback

was heard in the right, than the other way around. In other words,

the subjects were better able to repeat words presented to their

right ear than presented to their left. The right ear dominance

effect is just what one would expect based on similar findings with

ear competition in dichotic listening tasks.

A second control group consisted of four unoperated epileptics

whose seizure activity was controlled by medication. No brain damage

has been found for any subjects in this group, although at least two(S.N.
and JoB.) had more than the usual level of sedation as measured by blood
levels. The dosages of medication were: K.L., 400 mgm diphenylhydantoin
(DPH) and 225 mgm phenobarbitone(@B); S.N., 250 mgm DPH, 195 mgm @B, and
1800 mgm tridione; J.B. 260 mgm @#B; R.L. 200 mgm DPH, and 1 gm Peganone.
The performance for this group fell somewhere between the patients with
partial commissurotomy and normal controls. The group performed faster,
in general, than thé operated subjects, but slower than normals. Whereas
there is some evidence that epileptics with leés severe, diffuse brain
damage will have decreased response times(43), these comtrol patients have
increased responsé times which is attributed to their medication.

The maximal effect of delayed feedback was found for binaural

presentation but not significantly worse than monaural feedback to either

ear. It can be seen from Figure III-2 that the epileptic control group
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compared more favorably to the surgical group than to normal controls in
spite of the slight trend towards a greater binaural disturbance as
was present in the normal group. The results suggest that the effects
opserved for the partial commissurotomy cases may be due to the epi-
leptic condition or to the medication but net to the surgery. If
this should be so, then audition can be included in the already
exhaustive list of non-symptomatic findings for partial disconnection
of the corpus callosume.

It appears that these data fail to support the hypothesis
set forthin the introduction to this study=-namely, partial surgical
division of the cerebral commissures causes a jumbling effect for the
two ears. One would first have to discount the confounding results
from the epileptic controls. While it is recognized thaﬁ an attempt
to do so requires undue caution, some unusual raw data provides some
impetus for at least a further look.

Scores for the delayed feedback tests were compared against
other scores obtained for tests in which there was no delayed feed-
back. For the partials, the non=delayed feedback tests were always
easier to perform, whatever the presentation rate of the word list.
For both control groups, hbwever, a surprising phenomenon occurrad.
At the fastest presentation rates--faster than the partials were
capable of attaining--and when bilateral feedback was present, some
subjects actually performed as well a3, and insame cases, better than
when there was no feedback at all! In other words, these subjects
performed best in the one task that should have been the most diffi-

culte It is most likely that this observation is explained by an
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artifact of the test technique and, more particularly, of the scoring

method. One subject claimed that he was staggering his responses so
that he could arrange to have the feedback be heard at times that
would have the least effect for him. If he is correct in his self-
evaluation, and if the reduction of errors in bilateral delay con=
ditions is due to a conscious or unconscious effort to control the
speed of the responses, the results for these subjects may not reflect

the intended effect of the delayed feedback phénomenon, but rather
a sophisticated response scheme. Although members of both control

groups showed this effect, the critical presentatien rates were
different; the epileptics showed the effects earlier because their
overall reaction times were slower. The fact that a better score is
obtained for the binaural delay condition at the faster presentation
rates is precisely the opposite of what we had expected to happen.
It is possible to test in future experiments the validity of these
confounding results by presenting the stimulus list at a variable
rate 8o that the subject could not easily space his responses and
thereby minimize the delayed feedback effect. Also, reaction times,
instead of accuracy scores, could be used to measure the degree of
distractibility.

If the control data for the epileptics can be discounted,
then comparison of the data for the partial commissurotomies with
those for the normal controls supports the hypothesized model. That
is, the surgical patients are distracted with delayed feedback in
only one ear because there is some lack of interhemispheric inhibition
that normally acts to keep separate the information initially arriving

in each of the two hemispheres.
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C. Verbal Processes in thes Right Hemisphere of Cerebrum-separated
Patients as Determined by Tests of Dichotic Listening.

Introduction
Two groups of neurological patients are most ideal for
investigating the right hemisphere language capabilities since direct

influence of the left hemisphere can be avoided. The first are those

who have had severe damage to the dominant hemisphere as adults which
has subsequently led to surgical removal of the entire brain half.
Several such cases have been reported(3,6,8,9) in which the general
finding is that relatively small but not zero speech recovery is
observed, while language comprehension is much less affected. The
best example of language development after dominant hemispherectomy
is a case reported by Smith and others(7,10). In this patient, a
tumor was first observed and then removed at age 45. The left hemi-
sphere was removed two years later when the malignancy recurred.
Speech recovery was slow, but after a few months the patient was able
to repeat simple words and utter common expletives such as "ouch" or
"damn", and automatic one- and two-word phrases like, "Well, I..."
After a year he improved to the point where he could initiate complete
sentences of his own creation. Comprehension appeared to be markedly
better than speech. The right hemisphere apparently has some restora-
tive power for language.

The second group of patients in whom language studies can be
made are those whose left hemisphere has been surgically separated
from their right as a last-resort treatment for intractible epilepsy

(29). These patients are unique in that each hemisphere is
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independently capable of its ewn data processing and characteristic
behavior. Separate observation of the non-dominant hemisphere allows
direct study of its language capacity.

As a rule, speech could not be elicited(30), although there
have been some claims to the contrary(31,32). In contrast, compre-
hension has been confirmed in the right hemisphere although the limits
are still being determined. Concrete nouns were the most readily
understood as evidence by correct object matching to the corresponding
word-names or even to complex definitions(33). Another study showed
that in a tactual object-to-word matching technique, adjectives could
also be recognized(34). However, a visual test could not demonstrate
comprehension of verbs(35). This task required the subject to panto-
mime an action indicated by a printed verb flashed at 0.1l second to
the left visual field (and therefore to the right hemisphere) or to
point to an appropriate picture depicting the particular action. The
conclusion from failures on these tests was that verbs were beyond
the language capacity of the minor hemisphere. The present obser-
vations indicate this conclusion may have been premature and that the
right hemisphere can at least comprehend verbs presented vocally.

The auditory pathway from one ear projects to both the contra-
lateral and ipsilateral hemisphere. Of the two, the contralateral
route has been shown to be the more dominant by a number of reports
with both physiological(25,36,37) and behavioral(26,38,39) evidence.
The superiority of the contralateral pathway is also reflected in

the ear competition arrangement of dichotic listening where asymmetri-

cal performance of stimulus recognition is found favoring the ear
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opposite the dominating hemisphere. For example, if verbal stimuli
are presented simultaneously to each ear, the right ear out-performs
the left; if musical chords are the stimuli, the left ear out-performs
the right. In each case the hemisphere opposite to the superior ear
was specialized for that task. (See Sectim I)

In studies with cerebrum-sectioned patients, the contra=
lateral pathway is not only dominant but appears to block information
arriving from the ipsilateral route during dichotic listening tasks.
Consequently, the behavioral effect is that the right ear almost ex-
clusively projects to the left hemisphere, and the left ear projects
exclusively to the right. Therefore, if it can be shown with
simultaneous presentation of verbal commands that these cerebrum-
separated patients can carry out instructions arriving in the left ear
but report only those from the right, it can be inferred that the
right hemisphere not only understands the commands but is capable of
controlling the motor output, independent and unknown to the language-

dominant, left hemisphere,
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Experiment I: Dichotic Verbal Commands

Several commands were constructed and recorded in pairs on
the left and right channels of a stereo recording tape. The commands
were recorded so that natural stresses in the sentences would coincide,
word for word, during the dichotic presentatioen. Unstressed words
(e.gs ™a,"™ "the," etc.) in one ear would not necessarily be paired
with unstressed words in the other ear. BEach stimulus command was
recorded by a female voice at a normal speaking rate such that the
stresses were separated about one=half second apart.

Most of the cammands required actions to be performed on
simple pieces of apparatus such as a small knob, a bar, a disk, etce.
Examples of the cemmands that were to be performed are "Turn the knob,"
"5]1ide the bar’' and "Pull out the metal knob." The pieces of apraratus
were constructed from wood, plastic, or metal and mounted on a response
panel located in front of the subject. Vision was excluded during
testing, so that each response to the cormand pairs was performed by
reaching out and blindly selecting the correct object on the dispiay
panel, and then performing the required action. Each piece of appar-
atus was capable of being manipulated in several different ways (e.g.
by pushing, pulling, turning, etc.) so that no associatims could be
made between the specific actions and the individual response objects.
Familiarization of the apparatus was aécomplished in a pre=test for
that purpose which was performed both in free vision and blindly.

A typical trial commenced with a warning word, 'Ready,"
presented binaurally. Approximately one second later, the two dichotic

commands were heard simultaneously, one in each ear. The subject was
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allowed as much time as he needed to search for the appropriate pieces
of apparatus and perform the required actions. When he had finished,
or when he seemed unreasonably confused, the trial was terminated.

As a rule, the subject was then required to verbally relate which two
commands he had heard. The subjects were arbitrarily scored for
correctness of the action and ability to repeat the commands. In
instances where the correct astion was performed on the wrong piece
of apparatus or viee-versa, a premium was given for the correct actione.
A point system was used to rate the responses, only in order to give
a general basis for comparison. A video tape was used to aid in analyis.
Observations indicated that the right hemisphere has a capacity
for understanding and carrying out verbal cammands. The best evidence
of this is in cases where the left hand performed the cammands that
had been heard in the left ear while, at the same time, the verbal
report was only of the command from the right ear. This indicated
that the left hemisphere was either not aware of the left ear stimulus
or had forgotten it. Presumably, it was the right hemisphere that had
understood the command subsequently carried out the action by manual
performance.
The best example was found in one of the adult subjects(R.Y.).
He was permitted to use either or both hands with the instructions to
perf;rm the commands he heard in each ear. In the left ear, he had
heard '"Wave your hand in the air'" and in the right ear he had heard
"Scratch the top of the table." Immediately after hearing the stimulus,
his left hand jumped in the air and the right started to scratch the

table top. He verbally reported only the right ear command. It should
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be noted, however, that most responses from this subject were to the
right ear commands and performed by the right hand.

Another interesting example of a case where the command from
the left ear was performed and not verbally reported was seen in one
of the younger patients (L.B.). In this series the subject was again
allowed to use either his right or his left hand to perform the com-
mands he heard in each ear. The right ear command was "Say your first
and last name" and the cammand from the left ear was "Point a finger
to the ceiling." The subject's first response after hearing the pair
of stimuli was to hold out his right hand and say "Stop it!", meaning
the tape recorder. The reason for this was that the recorder had been
inadvertently left running after the previous trial and the subject
took it upon himself to remind the examiner to turn it off this time.
After his warning, the subject proceeded to raise his right arm and
point straight up in the air with his index finger (i.e., the left
ear command). At the same time he stated his full name (i.e. the
right ear command). He then correctly reported what he heard in his
right ear ("Say your first and last name") and after thinking a moment
longer, he pointed with his raised finger to the left ear and stated
that he had not heard what had been said in that ear.

Clearly, the left hemisphere was able to report and carry out
the right ear command but was either verbally unaware or had entirely
forgotten the canmand in the left ear. Meanwhile, the left ear commamrd
had been correctly performed, albeit with his right hand. Trials were
generally not as clear as this. The key in this second case may have

been the subject's preoccupation with properly turning off the tape
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recorder at the proper time. If his concern occupied the verbal
thought processes of the left hemisphere, then it is conceivable that
the verbal circuits were overloaded to the point where the information
from the ipsilateral left ear was ignored. The right hemisphere, on
the other hand, was free to attend to the left ear stimulus and con-
sequently perform the appropriate action unﬁnpedéd and unnoticed by
the left hemisphere. The only confusing aspect is the use of the
right hand rather than the left to perform the left ear command. It
is possible, however, for the motor system to gain control over the
ipsilateral limbs, particularly in the younger cerebrum-sectioned
patients(40,41). Of course, one cannot compietely rule out the alter-
native possibility where performance of the left ear command was
accomplished by the left hemisphere. If this should be the case,
then it must further be hypothesized that the same verbal command
that had initiated the manual response from the left hemisphere was
immediately forgotten or was unretrievable by the speech apparatus.

Examples such as those just described occurred only a small
number of times compared to responses where thé right ear command was
performed and reported, or that both the left and the right ear com-
mand were porformed as well as reported. Better performance of the
left ear commands is consistently observed in the cerebirum-separated
patients when only the left hand is allowed to perform the commands
and the right hand is occupied with some other '"irrelevant" task.
Examples of "irrelevant" tasks are palpating objects or putting pegs
in a pegboards In these cases the plan was to overload the left

hemisphere in an effort to free the right for performance. Results
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showed the number of commands performed frem the left ear increased
while the number of times there were verbal reports from that wear
were decreased. In several of these instances when commands from
both ears were performed, the one from the left ear was usually per-
formed first. In contrast, verbal report came first fram the right
ear, and then from the left. Many times verbal report came only
fram the right ear, but it never came only from the left.

The observation that more commands were performed from the
left ear when the left hemisphere was kep occupied with an irrelevant
task supports the idea that the right hemisphere can carry out verbal
commands. However, it is still the case in most situations that the
left hemisphere dominates in carrying out verbal commands from either
ear. The hypothesis of right hemisphere comprehension of verbs is
supported only by qualitative, and not quantitative, evidence. But
the fact that in some instances the commands are performed from the
left ear and not reported clearly demonstrates the dissociation be-
tween the hemispheres. The case was never observed where the right
ear command was performed and the verbal report came from the left
ear. More information is needed from these cerebrum=separated
patients to judge the interaction between the ear pathways, dis-

connected left and right hemispheres, and the motor responses,
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Experiment II: The Effect of Shadowing on Menaural
Commands to the Left Ear.

A test was specifically designed to ebserve the execution
of commands presented to the left ear while the subject was busily
engaged in a difficult verbal activity, which presumably will occupy
the left hemisphere more than the manual task of the previeus
experiment. The activity involved presentation of a list of commen
words to the right ear in such a way that the subject would have to
repeat (shadow) each word aloud. At the same time, commands would be
delivered to the left ear. These were made up of single action words
(e.gs pull, turn, spin,etc.) that could be carried out on one simple
piece of apparatus (a small knob). There was about one action word
to every 5-10 shadow words and it was expected that the subject would
continue repeating words throughout the entire test session. For
baseline comparison each of the command words was presented in one
trial run before the accompanying shadowing task.

The results show a more frequent performance of commands with
the left hand during verbal aetivity. The effect appears as a shift
towards greater use of the left hand which is reversed when verbal
activity is discontinued. This was particularly striking in a cerebrum-
separated‘patient who had undergone a right temporal lobectomy. The
left hand was used almost twice as often during the shadowing than
during the control task. The interpretation of these observations is
that the left hemisphere is occupied with on=going verbal activity so
that the right hemisphere is more likely to be free to carry out

commands .
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However, there were also many times when these same subjects
performed the whole test with their right hand while the left remained
idlés In other words, not only was there no shift to the left hand
during verbal activity, but the left hand failed to perform any of the
commands-=the right hand performed them all. When the test was changed
so that subjects were required to use the left hand alone, they per-
formed no better than when they were required to use only the right
hand. If the right hemisphere were controlling the left hand, one
would expect the commands arriving in the left ear to have a special
advantage for the left hand in most #rials., Since they did not, it
is presumed that the left hemisphere was doing all the work in these
cases. This was supported by evidence in the reverse case where the
command words arriving in the right ear with shadow words in the left,
resulted in an improvement by both hands. Therefore, it is concluded
that the left hemisphere maintained control in spite of its occupation
by verbal activity; expression of the right hemisphere could not be
determined. Evidence exists in this test to indicate that verbs can
be comprehended and expressed manually by the right hemisphere.
However, overwhelming data also point to the considerable dominance

by the left hemisphere even when it is kept occupied by verbal activity.
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Experiment III: The Effect of Verbal Memory on Monaural
Commands to the Left Ear.

The experiment just described was a dichotic test in the
sense that separate stimuli were played to each ear. However, no
attempt was made to pair the command with the shadow words. Consequently,
the two stimuli did not necessarily sound at the same time. Therefore,
another test was constructed in which simultaneous left-right
presentation was instituted. The verbal activity intended for
occupying the left hemisphere was changed from a shadowing task to
a memory test. In the right ear, the subject heard a list of four
common words in succession. In the left ear a single command word
was presented so that it was heard at the same time as the third word
of the list. The task was to perform the action designated by the
command and then recite the four right ear words.

The results were unexpected. When the subject was allowed
to perform the action with either the left or the right hand, only the
right actually responded. When responses were restricted to per-
formance by the left hand alone, the commands could be carried out
but at a level inferior to that of the right hand. Presentation of
the commands to the right ear, instead of the left, improved the
results for esach hand although the right still maintained a clear
superiority. These observations provide strong evidence that neither
the verbal memory task nor the dichotic presentation of the command
word was sufficient to block left hemisphere control. What is even
more surprising is that verbal recall of the four words in the right

ear was greatly affected. This finding is contrary to the normal
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result for dichotically-presented commands where the right ear was
nearly always reported correctly(27,42). In this test, the subjects
could typically recall the first or second word of the list but would
fail on the third and often the fourth. Considering only the third
word since it was the one that had been paired with the command word
from the left ear, it is seen that more than half of the errors were
total omissions; the subject claimed he did not hear the words at all.
In the remaining cases, the subjects substituted the command words frem
the left ear as if they had belonged to the list. In many of these
cases, the subjects acted as if there was no stimulus command in the
left ear at all and accordingly performed no response action.

These observations seem contradictory to the general belief
in previous dichotic studies where it was supposed that ipsilateral
pathways to the left hemisphere are strongly dominated by contra-
lateral routes. On the contrary, it is seen in the present experiment
that the left hemisphere is in fact capable of separately attending
to either of the two pathways, and that information in the ipsilateral
pathway appears to suppress the information in the contralateral ear

in about 20Z of these cases.
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Summary and Conclusions

Three conclusions may be drawn from these experiments. First,
the right hemisphere can comprehend and perform spoken commands which
are dependent upon the undsrstanding of verbs and the performance of
actions, Previcus studies have hinted at the comprehension of spoken
commands but direct evidence was lacking. For example in the past,
auditory commands were presented so that both hemispheres could hear,
and as the left hand reached out to perform the task, the left
hemisphere could well have guided it along. In the present study,
commands that involved manual actions could be carried out by the
left hand without verbal awareness of the left hemisphere. It was
concluded that this was a result of right hemisphere comprehension.
This left-right field separation has already been found for the visual,
tactual, and olfactory modalities and now cam be obtained under certain
conditions for the auditory modality.

A second observation is that in spite of the right hemisphere's
capability, the left hemisphere is strongly dominant during most of
the verbal task performances. More of the right ear commands were
carried out and the right hand was used more often. Even when the
left hand was forced to be used alone, it was the right ear command

that was most often performed, whereas the left ear command was either

ignored or performed along with the right. The interesting cases
which lead to the conclusion of comprehension of the right hemisphere
are the few where the left hemisphere was verbally unaware of the
left ear commands that were being performed. In the other cases left
hemisphere dominance is not unexpected since verbal comprehension is

what the left hemisphere does best. This conclusion supports findings
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of Levy et al.(4O) where they indicate that the hemisphere which is
dominant for a particular task will normally seize control of the
ipsilateral as well as the contralateral motor system.

The final observation is that the left hemisphere can appar-
ently monitor the ipsilateral auditory pathway from the left ear.
This was hinted by consistent performances by the right hand of the
commands from the left ear. The actual suppression of the right ear
by the left ear stimuli in dichotic listening task of Experiment III.
confirmed the observation t6 be valide This finding is contrary to
the general belief that the ipsilateral pathway is completely sup-
pressed by the contralateral in tests with competitive stimuli in
each ear. Apparently the left hemisphere (and presumably the right)
can separately attend to either the ipsilateral or the contralateral
auditory pathways depending, perhaps, on the meaningfulness of the
stimulus. This suggests separate mechanisms exist within each hemi-
sphere for analyzing information from each pathway. Further study

of this problem is described in the next Section.
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IV. COMPARISON OF IPSILATERAL AND CONTRALATERAL AUDITORY PATHWAYS IN
CALLOSUM=SECTIONED PATIENTS BY USE OF A RESPONSE TIME TECHNIQUE.

Introduction

Left-right ear asymmetries arising from dichotic listening ex-
periments are ultimately explained by perceptual differences in
cerebral processing. Howsver, these differences depend, in the first
place, upon evidence which demonstrates that the contralateral
auditory pathways have stronger cortical representations. Part of
this evidence is derived from electrophysiological work in animals
where greater amplitudes were recorded for evoked potentials in the
auditory cortex eontralateral rather than ipsilateral to the stimu-
lated ear(1,2,3). Additional support for cdntralateral superiority
is provided by human patients with unilateral temporal lobe lesions
where a greater degree of hearing deficit is measured in the ear
contralateral to the damaged hemisphere(4,5). It is predicted, there-
fore, that information reaching the cortex from the contralateral ear
has greater functional potential in the brain than information from
the ipsilateral ear. Consequently, the first step toward explaining
asymmetry in dichotic listening experiments is to eliminate ipsilateral
pathways from consideration based on their relative insignificancs.
This leaves the two contralateral pathways transmitting primary audi-
tory information from each ear to the opposite cerebral cortex. If
one hemisphere is specialized for certain types of stimuli, one would
predict that a superior score for the contralateral ear will reflect
this superiority. Accordingly, right ear dominance has been shown

for verbal material such as words, letters, and digits(6,7,8),
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whereas melodies, chords, and other non-verbal sounds have been
favored by the left(9,10,11).

It is of interest to reconsider the functional capabilities of
the so=called "weak" ipsilateral pathway. Patients with camplete
surgical division of the corpus callosum have demonstréted a dramatic
suppression of the left ear when asked to recall words presented to
both ears simultaneously(12,13). Presumably, without the callosal
contribution, the pathway from the left ear to the ipsilateral (speech)
hemisphere becomes behaviorly non-functional under conditions of
dichotic listening. In contrast, virtually every word presented in
the left ear alone, without right ear stimulation, was recalled easily
and without hesitation. The conclusion is that the ipsilateral path-
way possesses the same facility to transmit verbal information as does
the contralateral pathway, but that it is inhibited or suppressed when
both ears are presented with similar but different stimuli at the same
time.

Conclusions from the last Section indicate that even this idea
bears examination. ﬁhile it is true that under most conditions the
contralateral pathway inhibits the ipsilateral, indications were that
certain factors of attention may cause the ipsilateral pathway to
inhibit the contralateral. The indication is that these are separate,
and in some sense, independent systems functioning in each hemisphere.

It is not clear how these systems might be organized and what,
if any, are their differences. The present study provides data on
this problem by comparing differences in response time to stimuli

presented in each of the ears. A model is presented which chases
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the auditory engram through the cortex and outlines cognitive processes
that account for the different response times obtained for various
tasks.
Method

Sub jects

The main group of subjects were 6 epileptic patients who had
each undergone complete surgical division of the corpus callosum and
anterior commissure in one operation by P.Je. Vogele Three of the
patients were young adults under 20 and three were middle-aged in
their 40's. Typical commissurotomy symptoms observed on" these
patients have been reported previously(14,15,16,17).

The control population consisted of two groups of subjects.
The first were two patients with complete surgical transection of the
anterior commissure and partial division of the corpus callosum
sparing only the splenium. Both patients were in their late twenties
and were operated more recently than any of the patients with complete
section, but not with two years of testing. These patients are
characterized by their remarkable lack of commissurotomy symptoms(18),
but with sane exceptions in motor control(19).

The second control group includes 7 unoperated subjects.
Five are healthy, right-handed individuals; the other two are medi-
cation-controlled epileptics seen through the courtesy of Dr. J.E. Bogen.
Procedure

General: The test battery consisted of lists of words which
were pre-recorded on one channel of an audio recording tape. For

testing, the words were played to each subject through a set of stereo
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headphones which were connected through a silent switch so that the
examiner could direct each of the stimuli to either the left or right
ears The subject was told that speed of response was the most impor-
tant part of the test, and that he was to react as quickly as possible
as soon as he heard each worde The response mode was either vocal

or manual, differing from test set to test set as described below.
A digital interval timer located in front of the subject displayed

each response time in milliseconds and provided continuous reinforce-
ment in an effort to induce high motivation.

The entire test battery was presented twice to each subjecte=
once with the stereo headphones wora in the normal position and once
with them reversed. Therefore, systematic errors that might favor
one ear over the other could be excludeds The length of one test
session varied according to the fatigue of each subject but never
exceeded l% hours. The subjects returned as many days as necessary
to complete the entire test battery.

Each subject's response was recorded on the second channel of
the recording tape.‘ The reaction times could be determined by
playing back the tape and measuring the time between the stimulus and
the response with the interval timer. The data was automatically

printed on a paper tape for a permanent record.

Tests and Specific Procedures: The test sets for this experiment
were divided into two groups each of which were made up of several
lists of words. Group I was a reaction time test in which each word

was to be repeated (shadowed) immediately upon presentation. Group II
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was a vigilance task which required an immediate response only when
a key word was heard.

Group I, Set I: The stimuli in this set were 18 common one-
syllable words arranged in an arbitrary order. The initial phoneme
of each word was voiced or unvoiced consonant stops (p,b,d,t,k,g) so
that the uttered onset of a word would be sudden. A total of 36
words, constructed from two successive presentations of the same
18-word list, comprised the test set. The 36 words were presented
one at a time to the left or to the right ear on a pre-determined
pseudo-random sequence, but with the constraint that no ear was
stimulated more than three times in a row. The subject's task was to
repeat (shadow) each word as quickly as he was able. The left-right
presentation schedule was arranged such that a word directed to one
ear in the first half of the test would be directed to the other ear
in the second half. This method insured that each of the 18 words
would be presented once to each ear, so that a reaction time compari;
son of left-right differences could be made for each word in the same
test presentation. The words of the list were separated by silent
intervals that varied in length in a 1=2 second range so that the
sub jects could notlanticiﬁate the arrival of each neﬁ word.

Set I-B: The same words used in Set I were repeated but with
a different left-right ear presentation schedule. Instead of a pseudo=-
random sequence, the first 9 words of the list were presented as a
block to one ear, then the next 18 words were presented to the other
ear, and finally, the last 9 were presented to the original ear. This

scheme prevented a constant changing of attention from ear to ear but
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at the same time preserved the arrangement where a word presented to
one ear in the first part of the test was presented to the other ear
in the second part.

Set II: A copy of the word list used in Set I including the
same silent intervals and the same pseudo-random left-right presen-
tation comprised the stimuli of Set II. However, the method of
response was changed so that the subject was no longer required to
repeat each word but rather signify its arrival by immediately saying,
"Now." The purpose of this set was to obtain a verbal response time
where word discrimination or comprehension was not necessary.

Set II-B: The stimuli of Set II were repeated but presented
in the block form as described in Set I-B.

Set III: The methodology of this set is the same as Set I
except that a different list of 18 words was used to comprise the
total list of 36. The same pseudo-random presentation schedule was
useds The main difference was that the silert intervals between words
were reduced to a 3=1 second range in order to encourage faster
response times. It was possible at these new presentation rates for
a slow response by the subject to coincide with the onset of the next
word in the list which is an effective‘'hegative' reinforcement prodding
the subject to respond faster.

Set III-B: This test is the same as Set III in the block forme.

Set IV: Set IV has the same methodology as Set II where the
subject's response was the word, "Now." The word list and rate of
presentation was copied from Set III.

Set IV=B: This test is the same as Set IV in block form.
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Group II, Part I (Vocal), Set V: A list of 36 words was
constructed from 18 common one-syllable words plus 18 repetitions of
the word, "talk." Each of the 18 talk's was interspersed among the
other 18 words in a pseudo=random order with the constraint that there
were no more than three repetitions in succession. The silent intere
vals between each of the words was 3-1 second, similar to Set III.

The subject was requested to listen to each word of the list and as
soon as he heard the word, "talk,' he was to repeat it. Fér the other
words, he was to remain silent. The words of the list were directed
to the left or right ear on a pre-determined pseudo=random schedule;
the block versions were not used.

Set VI: A copy of the list of words in Set V was used for the
stimuli, The subject was agaiﬁ instructed to listen to each word of
the list responding only to the word, 'talk." However, in this test
he was to say, "now,'" instead of the word, "talk."

Part II (Manual), Set V=M: Set V was repeated but instead of
a vocal response, the subject was asked to push a button with the
index finger on his right hand whenever he heard the word, "talk."

Set VI=M: Set ¥I was repeated and the push=button response

was to be performed by the index finger of the left hand.

Results
The first question to be answered is whether response times
to words presented to one ear are faster than response times to words
presented to the other. Secondly, it is of interest to obtain same

idea of the absolute differences in response times for each of the
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tasks. The first question is examined as follows:
Sets I-IV:

In the test list for each set, every stimulus word was pre=-
sented twice in one trial run-—once to the right ear and once to the
left. Therefore, it was convenient to pair the response times such
that the left ear presentation was compared to the right ear presen=
tation of the same word in the same trial run. When the right ear
was faster, the score for the pair was "plus" and when the left ear
was faster, the score was "minus."” Under the null hypothesis where
no ear is better than the other, an equal number of pluses and minuses
would be expecteds That is, in a normal distribution of response
times, either ear has a 50% chance of being faster for any one trial.
(An analogy can be drawn to flipping an unbiased coin where there is
a 50% chance of obtaining heads on each flip.) Consequently, we can
compare the score distributions for the ear performances in each test
to fit the binomial distribution: P = %ﬁ p=ngns  where P
is the probability of obtaining the score of n or more and N = total
number of camparisons, n = number of times the right(left) ear is
faster and p = q = 4. In the present tests, the probability that is
obtained must be multiplied by 2 in order to account for the possi-
bility that the right(left) ear is faster or slower than the left
(right).

The results are striking. For every subject whose forebrain
commissure had been surgicdally divided, the right ear was faster in
every word repetition test(i.e. Sets I, I-B, III, III-B). In half

of these instances, the predominance of the right ear's speed was
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significant at the 5% level; in the other half of the instances, but
one, the trend was in favor of the right ear. When the scores for
each of the subjects were summed, the totals were significant(p <,01)
indicating the right ear was faster than the left a significant
number of times.

In contrast, these same subjects showed no signfficant
supsriority for the speed of one ear over the other in the simple
response test sets where the task was to say the word, 'now," for
each word stimulus(i.e. Sets II, II-B, IV, and IV=B). In half of
these cases, the subjects were only slightly faster with their right
ear while in the other half, they were slightly faster with their
lefts At no time ﬁas there any significant difference between the
ears. In one of the sets (Set II-B) the right ear was slightly
faster than the left ear for each of the subjects. Consequently,
the total score for that set reached the 5% level of significance.

It is of interest to compare test sets in which the same
words were presented under the same stimulus conditions, but the
responses were different (e.g. Set I--word repetition vs. Set II-—
"now"). These comparisons are depicted in Figures IV-l = IV-4., The
histograms represent the difference betwsen the number of times the
right ear was faster (= R) and the number of times the left ear was
faster (= L) The differences were plotted as percentages of the
total number of comparisons. That is, R-L/R+L x 100. With this
graphing method, a score of +100 would be obtained if the right ear
were alwayﬁ faster, and =100 would be obtained if the left ear were

faster. Zero indieates the right and left ear were faster equally
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The striking observation is that the right ear of each subject
had a high percentage of faster response times in the word repetition
tasks, If the numbers for all of the subjects are summed the totals
for each set are highly significant(p <{.0l) for a faster right ear.
At the same time, there is a mixed array of weak trends in favor
either of the left or of the right ear for the simple reapomse tasks.
The total difference for each of these sets is near zero, except one
in which the right ear just reaches the 5% level of significance.

It can be seen, incidentally, that the right ear percentages are
higher subject for subject, test for test in the block version of

the test sets as compared to the.regular versions. The difference

is that for the block version the words are presented as groups first
to one ear and then to the other; for the regular version, the words
are presented alternately in a non=-predictable sequence back and forth
between the two ears. The reason for the two versions of the tests
was for a mutuval control. The block wersion controlled for problems
that might be incurred in attentional switching from ear to ear; the
pseudo-random presentation controlled for possible attentional biases.
The results for the two test types were essentially similar except for
the right ear bias as noted for the block version.

Another observation is that there is a correlation between a
subject's score on the word repetition test and the simple response
test. Subjects who were fast with the right ear many more times than
with the left in the word repetition tasks, tended also to be fast

more times in the simple response teats. Those who had less of a
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right ear predominance in the word repetition task tended to have
negative (left ear faster) or near zero scores in the simple response
task,

The results for each test for all the subjects were summarized
in a similar analysis but with more stringent statistical conditions.
The protocol of presentation had been such that each word in a set
was not only presented twice in a single trial run, but also repeated
twice again in a second trial run in which the stereo headphones were
reversed. Therefore response times for any word could be paired
twice, once for the first trial run and once for the second.s With
this scheme, a 'plus" was scored only if the right ear was faster in
both of the trial runs. A '"minus" was scored if the left ear was
faster in both sessions. All other combinations are statistically
"uninteresting" and were ignored.

Again one would expect to find an equal number of pluses
and minuses under the null hypothesis. The scores were compared with
the binomial distribution as before; the results are depicted in
Figure IV=5. It is:seen that the right ear maintains its superiority
since it is signifiéantly faster more often than the left in the word
repetition tasks. The other (simple response) test sets showed mixed
results, none of which were significantly in favor of one ear or the
other. It is also observed that the block versims of the test had a
stronger bias for the right ear; those tests with the faster presen-
tation.rates (Sets II1, I1I-B, IV, IV-B) were biased in a direction

away from the faster right ear.
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The right ear superiority for the patients with complete
surgical division of the commissures for the word repetition stands
in contrast to no significant differences on the simple response tests.
Among the control groups, the two medicine-controlled epileptics seemed
to have faster left ears more often for most of the tests while the
other two groups had no apparent biases, None of the biases for the
epileptic group were significant. See FPigure IV=6,.

Sets V and VI:

The results for these sets were analyzed in a way similar to
that described for Sets I-IV. Each éet was presented twice: once
with the earphones in one direction and once with them reversed.
Therefore, a word that had been presented to the left ear in the first
presentation was presented to the right in the second and vice-versa.
Consequently, left-right pairs could be made as in previous analyses.,
A "plus" was scored every time the right ear was faster, and a minus
every time the left ear was faster. The results were compared in the
binomial distribution.

Neither patients with complete division of the forebrain com=-
missures nor any of the control groups were faster a significant
number of times with either ear. The trends for every group, experi-
mental and control alike were in favor of a faster left ear for the
task in which the subjects were to repeat only a key word ("talk").
The results were mixed for the other versions of this task where the
response was to say, 'now,' or the response was manual rather than

vocal. See Figure IV=7, and IV=8,
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In summary, we have shown that the right ear of the patients
with complete surgical division of the forebrain commissures is sig-
nificantly faster more often for repeating words and not for any of
the other tasks. The normals showed no significantly faster ear for
any of the sets including the word repetition task. We are now faced
with the task of assessing the magnitude of the differences between
the ears in terms of absolute differences in response time.

The ma jor problem in such an undertaking is the high degree
of variability. Subjects tend to get "goofed up" from time to time
and as a result their response times are greatly lengthened. It was
reasoned that if ear differences were to have any physiological meaning
at all, only the fastest response times would be the most help. The
slower times would likely be influenced by other factors such as
trial=to-trial confusion, swallowing, breath control, etc. For most
subjects, casual observation indicated less than 10% of the response
times were "aberrantly" longer than the rest and so it was decided, at
the risk of throwing out some "good" data, that 15% of all response
times for any one test set would be omitted, indiscriminant of the
ear from which the response was obtained. Differences would be cal-
culated between the means of the remaining 85% of the response times
for each subject. With this method, about twice as many numbers were
eliminated from the left ear than from the right from the word
repetition tasks and approximately equal numbers for all the rest.
See Table IV-l for a summary of mean differences between the ears for
all cerebrum=sectioned subjects on all tests. The results must be

viewed with caution because of the difficulty of defining a '"response



TABLE IV-1

Mean Ear Differences for Response Times (L-R)
(in milliseconds)

=901~

Key Word
Word Repstition Simple Response ("™Now") Vocal Manual
Ss i I-B 111 11I-B 11 I1I-B IV IV-B \'i V1 V+V1
AA 14 54 - 28 3 31 - 1 21 =2 51
cC 4 22 28 2 S 18 6 5 20 5 27
LB 7 13 5 10 =7 L =60 L =45 24 7
NG 30 27 37 20 15 6 30 22 30 22 19
Nw 26 23 2 14 8 6 -2 5 =9 14 9
RY 8 18 -1 18 -8 0 1 -l 11 -3 -8
Average 15 26 14 15 2 11 -5 6 5 10 18
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time."

The overall differences in the means for the word repetition
task is about 15 msec. in favor of the right ear for three of the
four tests, and 26 msec. for the other. This would give an overall
difference of about 18 msec. For the simple reaction time tests the
total differences ranged from 5 msec. in favor of the left ear to 11
msec. in favor of the right. This averaged out to be about 4 msec. in
favor of the right ear.

The right ear bias for word repetition is more prominent for the
block presentations of this test where the advantage for the right ear
is 5 msec. greater than when the word presentations were unpredictably
switched between the ears. For the simple response test the right ear is
favored by 8 msece. for the block form with no differences for the other.

When the mean differences were recalculated with a less
stringent criterion for omitting data, the difference in favor of
the right ear was about 30 msec. for the word repetition task and
less than 5 msece in favor of the left ear for the simple response.

In these calculations only the response times that seemed unusually
long compared to the others were omitted. Only about 5% of the re-
sponse times were eliminated in this waye.

There was a great deal more variability in the means for the
sets in which there was a response to a key word (Sets V and VI).
Therefore, one should view the mean differences here with extreme
cautions It can be seen that for each of the tasks the superiority
is about 11 msece. in favor of the right ear which is slightly smaller

than the differences for the word repetition tasks. It should be
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remembered, however, that in the previous analyses for these tests,
there were no significant differences between the ears. Controls
were also variable in this task and showed approximately the same
left=-right differences in the means.

The mean difference in response times for controls in the
word repetition tasks and in the simple response tests were in general
less than 15 msec. This is in accord with the lack of ear asymmetry

for both types of tests that was demonstrated in the foregoing analysis.

Discussion

The patients with camplete surgical division of the forebrain
commissures were significantly faster in repeating words presented
to their right ears. That is, words presented to the ear contra-
lateral to the speech hemisphere could be repsated faster than words
presented to the ear ipsilateral to the speech hemisphere. This
result is in contrast to normal subjects who show no ear differences
in word repetition. We can conclude that the cause of the ear dif-
ferences is the loss of critical fibers in the corpus callosum and
that the two auditory pathways fram the ipsilateral and contralateral ear
are not part of equivalent systems. The lack of ear differences in two
patients with partial surgical division of the callosum is assurance
that the phenomenon is not simply a result of operative procedures
alone.

We must first decide whether the asymmetry of the response
times is simply due to differences in the ipsilateral ear=to-=cortex

pathway as compared to the contralateral. The absence of ear dif=-

ferences on the simple response tasks is an indication that it is not.
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In order for the cerebrum-separated subjects to have responded
equally as fast to the word, 'now," (i.e. the simple response), the
words must have arrived at the cortex at about the same time from
either of the two ears. Therefore, the ear asymmetries must be ex=
plained by some other delaying factors encountered by the ipsilateral
route at the cortical level.

It is hypothesized that two separate systems exist: one for
information arriving in the contralateral pathway and one for the
ipsilateral. How these systems differ and where they merge for the
final common pathway to the vocal apparatus is yet to be determined.

The first level in a cortical auditory system, once the presence
of a stimulus has been recognized,is stimulus analysis--a recognition
process. It is possible that ear differences of response’time in
the word repetition tasks are due to a less efficient analyzing or
recognizing proceés for stimuli from the ipsilateral ear. This
hypothesis has been examined by the test sets which require the sub-
Ject to make a response to a key word (Sets V and VI). It will be
remembered that the task in these sets was one in which the subject
listens to a list of words but only responds when he hears a key word.
If there is a perceptual asymmetry between the ears, a left-right
difference in response time would also be expected.

The results showed no differences between the ears. Either
ear could recognize the key word and make a response egqually as well.

Furthermore, there was no difference in the number of errors for

either ear on this task nor on any other including the word repetition
task, indicating essentially the same proficiency in perceiving the
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words. It is concluded, therefore, that the recognition processes of the
two systems are equivalent at this stage.

Once a word has been recognized in the word repetition task,
the proper pattern of motor impulses must be retrieved from a memory
of that worde The impulses must be made available to the motor
pathways which carry the message to the speech musculature. In all
tasks but the word repetition task, the retrieval has been acccemplished
ahead of time--~the subjects know which word they are going to say. _
This is not so in the word repetition task where the subjects do not know
which word they are to say, and therefore must retrieve the motor pattern
from memory. While it is true they must then transcribe the pattern into
action, all of the tasks require the same process which would argue against
ear asymmetries in this last stage.

It is proposed, therefore, that the differences in respcnse
time are a function of a memory search process. It is felt that the
cortical system for the ipsilateral pathway is less efficient or
slower in "remembering" or searching for the memory of the correct
word pattern. The data from these studies do not provide a direct
check for this hypothesis, but most of the other alternatives have
been ruled out. The differences in the mean reaction times indicate
that the two systems differ by a few synapses which is supportive of
the idea that the contrasts betwsen the systems are simple. The
general consistency of the results for the cerebrum-separated patients
is encouragement to seek further tests of the differences in the

ipsilateral and contralateral auditory systems in each hemisphere.
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3#SUMMARY AND CONCLUSIONS#*
In the first part of this Thesis, hemispheric asymmetries were

studied in music-oriented right-handers by a dichotic listening tech-
nique. The results demonstrated that chords or, at least chord=like
stimuli, are preferentially processed by the right (non-speech) hemi-
sphere while rhythmical melodies were equally-well handled by either
hemisphere., These findings suggest that the usual designation of "non=-
verbal" is an oversimplification of the right lateralized cognitive
abilities.

A second study on patients with intracarotid amytal showed
similar results. It was found that the right hemisphere had a
greater contribution to pitch control for singing than did the left
while either hemisphere could participate in the correct production
of rhythms. This is further supported by observations on two young
patients who had undergone complete hemispherectomy for non-infantile
causes., One patient, with right hemispherectomy and no aphasia, sang
poorly and was unable to distinguish pitches that differed by less than
a musical step. In contrast, the other patient had a left hemispherec=-
tomy and could sing with excellent ability and pitch control, yet had
severe anomia and agraphia with several disorders of expressive sﬁeech.

It was concluded from these data for the lateralization of chords
and not melodies and for the observations of pitch control for singing
and not for rhythm, that the distinctive feature that characterizes
right hemisphere ability is "non-temporality." Chords are conspicuously

non-temporal whereas melodies have both temporal and non-=temporal



qualities. Singing was deficient only in pitch control whenever the

right hemisphere was ndct functioning. It was suggested that the quality
of non-temporality reflects basic underlying processes that are

involved in right hemisphere performance. On the contrary, others

have indicated that the left hemisphere may be specifically organized
to handle temporal or sequential processes. Therefore, it was suggested
that a good working hypothesis for future research on the functional
differences between the left and the right hemispheres is one in

which the left hemisphere would be designated as 'temporal'and the

right, as ‘hon-temporal."

Dichotic listening studies in patients with complete surgical
division of the forebrain commissures showed that the right hemisphere
is capable of comprehension and manual expression of verbs and verbal
actions. This finding is a reminder that whatever labels are attached
to the special abilities of the left and right hemispheres, there is a
great deal of overlap of behavioral performance. It remains to be
seen whether this redundancy is a contradiction of the idea that the
two hemispheres are separately organized, or whether speech mmpre-
hension can be processed "non-temporally" as well as "temporally."

It is not unreasonalbe to suggest that both hemispheres process all
stimuli but each according to its @wn organizational structure.

The separate organization of the contralateral and ipsilateral
auditory pathways to one hemisphere were also studied. Words were re-
peated faster from the right ear than from the left. It was suggested
that this d{fference was reflective of a memory retrieval process

since no ear differences were found for a perceptual task. One might
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expect from the conclusions on musical expression in the initial
part of this Thesis that the ear dominance might be reversed for
response times if measured for singing rather than speaking. Pre-
liminary indications are that this is so. When words and tones were
presented in the same test, the right ear was faster for words and
the left ear was faster for tones. However, more controls are needed
before these results can be validateds In any case, it is felt that
response time measurements have proved to be a valuable toocl for

tracking down the organizational parts of the auditory system.
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