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HEMISPHERIC PERCEPTION OF MODULATED RHYTHMIC
PATTERNS IN A DICHOTIC LISTENING TASK
Belinda Sue Ford Murray, M.M.

Western Michigan University, 1982

This study attempted to determine ear advantage in a
dichotic listéning‘task involving perception of tempo mod;
ulation (decrease,or increase) within repeating rhythmic
patterns at initial tempi of 80 mm or 160 mm. Ear advantage
wés measured by reaction times to and accuracy of modulation
detection.

| The subjects were thirty right-handed nohmusicians‘with
normal hearing. The rhythms were pure tones generated in
real time on an Apple II computer and presented through
headphones. The subjects' task was to depress a designated
computer key as soon as the modulation was detected. The
computer recorded each subjeét's response and reaction time.

Reaction time to and accuracy of modulﬁtion detection
were signifigant at the 160 mm initial tempo.  Increases in
tempi were perceived twice as accurately as decreases in
tempi. Reaction time and accuracy of responses were not
significant for ear and modulation or ear and initial tempo.

Results showed no ear advantage for the task.
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CHAPTER I
INTRGDUCTION

The music therapist is concerned with human behavior,
- specifically, the effect$ of music on change in behavior.
The music therapist's tbol for changing behavior is a com-
plex one. A single musical stimulus may combine pitch,
rhythm, harmpﬁy, timbre; and intenéity (Gates &‘Bradshaw;
1977a). An understanding of how the two cerebral hem-
ispheres perceive these elements can contfibute to the
scientific foundation oﬁ which thé principles of music's
therapeutic use are based. After much more evidence accu-
mulates concerning cerebral perception of music and the
nature of music learning, it may be possible to develop
thérapeutic aﬁd instructional stratégies that take advan-
tage of hemispheric dominance effects.

In 1957, Henkin found that of the various elements in
muéic there ére at least two independent factérs: melody
and rhythm (Lundin, 1967). Previous research indicates
that the right cerebral hemisphere is superior to the left
hemisphere for perceiving instrumental melodies (King, 1964,
1967) and hummed melodies (King & Kimura, 1972). Research
data also indicate that the right hemisphere is dominant

for recognition of musical chords (Gordon, 1970). Finally,
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research data support the right hemisphere's involvement
in singing melodies (Bogen & Gordon, 1971; Gordon, 1974).
ReSearch has not yet clearly established cerebral dominance
for the perception of rhythm. Some research indicates that‘
rhythm may be processed in the left hemisphere (Robinson &
Solomon, 1974; Natale, 1977; Gates.&'Bradshaw, 1977a) while
other research‘indicates that rhythm may be processed in |
the right hemisphere (Gregory; Harriman & Roberts, 1972).
| The general purpose of this project is to investigate
cerebral perception of the rhythmic factor in music. The
background for the project is found in clinical and exper-
imental literature involving hemispheric specialization in
the four areaé of: speech, vocal ﬁonverbal sounds, envi;
ronmental sounds and music. A summary of research within
these four areas will be>presented later. |

| Past research has clearly defined the basic functionms
of the two cerebral hemispheres. The left cerebral hem-
isphere, the dominant hemisphere, specializes in analytical
and serial processing of incoming information. It controls
the processes of verbal language, rétional analysis, def-
inition and logic. The left hemisphere is dominant for
speaking, writing and mathmatical calculation. In 1878,
Jackson designated the ieft hemisphere as the temporal or
propositional hemisphere because it perceives the signif-
icance of relationships across time. In contrést, the

right cerebral hemisphere--the nondominant hemisphere--
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specializes in the perception of holistic and synthetic
relationships, and in perceiving the totality and syn-
thesizing information. It controls visualization, met-
‘aphor, imagery and concrete perceptual insight. The right
hemisphere specializes in data whose significance come
from relatioﬁships perceived acrosé space, such as rec-
ognizing a face in the surrounding environment. In 1969,
Bogen labeled this visual-spatial braiﬁ the appositional
hemisphere as a parallel to Jackson's use of the word
"propositional’ to describe the left hemisphere.

Research in the perception of musical stimuli reveals
that the left hemisphere mediates tasks requiring percep-
tion, analysis and remembrance of stimuli in a.sequence of
interrelated elements (Gordon, 1970, 1978). In contrast,
the right hemisphere is involved when a set of stimuli are
grouped and pfocessed at once as é_single unit (Gordon,
1978). For example, a task may emphasize a listening
strategy centered around the relationships between adjacent
notes, implying left hemisphere mediation. A different
task, using the same stimﬁli, may emphasize a strategy in'
which the pattern or contour of the entire sequencé of
notes is important, implying a right hemisphere mediation
(Gates & Bradshaw, 1977a). The musical elements of melody
and rhythm may invoke different processing strategies,
depénding upon the task, which reflect the different spe-

cialization of the two cerebral hemispheres: holistic and
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analytical (Gates & Bradshaw, 1977b).

Research in time and rhythm has also suggested that
the two cerebral hemispheres do not function completely
independent from each other. There may be a neutral zone
in the middle of the continuum from left to right hem-
ispheric specialization‘ﬁhich yields bilaterai results or
a lack of specialization (Bradshaw, Nettleton & Geffen,
1972). Depending upon the processing strategies involved,
analytical or holistic, hemispheric dominance may shift
from one hemisphere,.through the neutral zone, and to the
other hemisphere (Bradshaw, Nettleton & Geffen, 1972;
Halperin, Nachshon & Carmon, 1973). The complexity of the
task or stimuli may dictate the type of processing strategy
used in a given task. There may be a shift in dominance as
the task grows more compléx (Halperin, Nachshon}& Carmon,
1973; Papcun, Krashen, Terbeek, Remington & Harshman, 1974).

The bilateral time and rhythm results cited above would
seem to indicate that processing is possible by either hem-
isphere or both working together, each according to its
speéialization. It appears that hemispheric lateralization
is not so much a function of the specific stimuli as it is
a function of the type of processing strategy réquifed by 
the task. Hehispheric dominance may be explained by the.
cognitive functioning required by the right and left hem- }
ispheres in order to process the stimuli. Thus, tasks

designed to require holistic processing of time or rhythm
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may be mediated in the right hemisphere, and those tasks
requiring analysis or sequential ordering of stimuli may
invoke left hemisphere involvement. The type of processing
strategy reqﬁired may also be a function of the elements
within the stimuli that lend themselves to processing most
suited for one hemisphere or the other's specialization.

| Assuming that both hemispheres are involved in proc-
essing rhythm, what has not been clearly defined is the
foie each hemisphere plays in taské of rhythmic perception.
It is the general purpose of the present study to attempt
to identify the function of each hemisphere within one
specific area of rhythmic perception. The area that has
been chosen for study is perception of tempo modulation.
Thé specific purpose of this project is to investigate
cerebral hemispheric processing of dichotically pfesented
rhythm patterns that modulate in témpo as measured by
accuracy of response and reaction‘times.

Three studies are the most germane to the theoretical
basis and désign of the present in?estigation. Kuhn (1974)
and Madsen (1979) designed very similar auditory discrim-
ination tasks in which subjects identified direction of
béat modulation provided by a metronome. Thé 30 profes-
sional musicians used iﬁvthe Kuhn study were presented
with beats produced by a metronome at initial tempi of 60,
90, 120 and 150 beats per minute. After six seconds at

the initial tempo, the rate modulated (decreased or
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increased) or stayed the same. Data were taken on accu-
racy of response for direction of modulation and time
required to discriminaté a tempo chénge. Subjécts accu-
rately identified significantly more Decrease and Increase
modulation examples than same (non-modulating) examples.
Sub jects alsd_accurately identified more Decrease and
Increase modulation examples, although not significantlyrv
more. Reaction times were significantly faster for detec-
tion of Decrease modulations than Increase modulations.
Finally, reaction times attributable to the fduf initial
tempi were not significant.

Two hundred musicians and nonmusicians were used in
the Madsen (1979) study. As in thé Kuhn study, subjects
were presented with beats produced by a metronome at nine
initial tempi ranging f:oh 40 to 200 beats per minute.
After six seconds at the initial tempo, the rate modulated’
(decreased or increased) or stayed the same. Data were
taken on accuracy of response for direction of modulatiom.
The results indicated that both musicians and nonmusicians 
accurately idéntified significantly more Decrease than |

Increase modulation examples.

Gates and Bradshaw (1977a) conducted six dichotic
experiments in which a Series of five notes of equal value
were altered by pitch, harmony and rhythm. In the third
experiment, thé note pattern was altéred by rhythm only.

One of the five notes was lengthened or shortened by half
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a beat. The task of the nonmusician subjects was to detect
rhythmic changes in the five-note pattern. Data were taken
for reaction time and accuracy in detecting rhythmic
changes. Results indicated that subjects showed signif-~
icantly faster reaction times for detecting rhythmic
changes in the left ear than in the right ear. The right 
ear was significantly mbre accurate in detecting the rhyth-,
mic changes than was the left ear.

| The desfgns and reéults of thé three preceding stud-
ies along with the.principles of hemispheric dominance
found in the literature provided the theoretical basis and
experimental design for the present study. Both Kuhn and
Madsen found that all subjects more accurately discrim-
inated modulations in which tempo decreased than modula-
tions in which tempo increased. Gates and Bradshaw found
thét accuracy in detecting rhythm changes was greater for
the right ear than the left ear. Fewer rhythm changes were
missed when stimuli were presented to the right ear.

Kuhn found that reaction times.were faster for modﬁla-
tions that decreased in tempo than for modulations that
increased in tempo. Gates and Bradshaw féund that rhythm
changes caused by lengthening notes yielded faster left ear
reaction times than the right ear. Gates and Bradshaw also
found that rhythmic changes caused by shortening notes
resulted in no difference between the ears for reaction

time.
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While lengthening or shortening a note is not the same
process as decreasing or increasing tempo, it is interest-
ing to observe the similarity of reaction time results for
these two processes in the two studies. Gates and Bradshaw
found that the left ear detected rhythmic changes, specif-
ically lengthened notes, more quickly than the right ear.
In the Kuhn study, decrease in tempo was detected more |
quickly. It was fheorized that in both cases left ear/
right hemisphere was faster than the right eaf/left hem-
isphere in detecting occurrence of tempo changes. That is,
the right hemisphere was faster in detecting a slowing of
the entire péttern. This type of perception would be ‘
within the right hemisphere's specialization for holistic
processing.

In contrast, the right ear was more accurate than the
left ear in detecting specific rhythm changes. This was
evidenced by the right ear missing fewer rhythm changes in
the Gates and Bradshaw study. It was theorized that the
right ear/left hemisphefe was more1accurate in>ana1yzing 
that a specific change had taken place, especially when
that change was a decrease in tempo as in the Kuhn and
Madsen studies. This type of peréeption would be within
the left hemisphere's specialization for analytical proc-
essing.

In all three studies, increasing tempo or shortening

note values resulted in slower reaction times and less
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accurate detection than decreases in tempo or lengthened
'nOte values. Based upoﬁ no difference in reaction times
between ears in the Gates and Bradshaw study, it was the-
orized that increases in tempo did not show lateralization
effects.

The present study attempted to determine the role of
each hemisphere in a dichotic listening task involving
perception of tempo modulation within repeating rhythmic
patterns having selected initial tempi. Possible lateral-
ization effects were measured by (1) ear advantage for
reaction times to tempo modulations and (2) ear advantage

for accuracy of the reported modulations.
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CHAPTER II
THE PROBLEM AND ITS SETTING
The Statement of the Problem

This dichotic study attempted to determine whether ear
of presentation would affect subjeét perception of tempo
modulation within a repeating rhythmic pattern. The rhyth-
mic patterns were based upon the temporal patterns used in
the internmational Morse Code alphabet. Each rhythmic pat-
tern was assigned a frequency of 750 or 1000 Hertz (Hz).

In some trials, tempi remained constant or were modulated
by decreasing or increasing 10 metronome markings (mm) from
an initial tempo of 80 mm. In other trials, tempi remaiﬁed
constant or were modulated by decreasing or increasing 20
mm from an iﬁitial tempo of 160 mm.  Ear advantage was |
measured by reaction times to the tempo modulations and by
accuracy of the reported modulations in each ear.

Reaction time was assessed by the total number of
elapsed seconds between the beginning of each trial and the
point at which the subject heard the modulation in one of
the two competing dichotic rhythms and depressed either the
slower or faster key on the computer; Accuracy of responSe
for direction of modulation (decrease or increase) was

assessed by recording the total number of correct computer

10
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11
key depressions (slower or faster) for stimuli presented
to the left and right ear.

Predictions for the present study were based upon the
results of studies by Kuhn (1974), Madsen (1979) and Gates
and Bradshaw (1977a). Kuhn found that reaction times were
faster for modulations that decreased in tempo While Gates
and Bradshaw found that rhythm changes caused-by lengthening
notes resulted in faster left ear than right ear reaction
times. Gates and Bradshaw also foﬁnd that rhythmic changés
caused by shortening notes resulted in no difference between
ears for reaction time. Both Kuhn and Madsen found that
sﬁbjects more accurately discriminated modulations in which
tempo decreased than modulations in which tempo increased.
Finally, Gates and Bradshaw found that accuracy in detect-
ing rhythm changes was greater for the right ear than for
the left ear.

On the basis of the results described above, four pre-
dictions were made. First, it was predicted that the left
eaﬁ would perceive modulﬁtions that decreased‘in tempo more
quickly than the right ear. The left ear would yield
faster reaction time scores to decreases in tempo at both
initial tempi than would the right éar.

Second, it was predicted that there would be no lat—'
eralization effects for modulations that increased in tempo.
There would be no difference in reaction time scores for

perception of tempo increases at both initial tempi.
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12

Third, it was prediéted that the right ear would mofé
accurately perceive the occurrence of tempo modulations
than the 1eft ear. The right ear would yield higher accﬁf
racy of respdnse scores at both initial tempi;

Finally, it was'predicted that initial tempi modula-
tions that decreased in tempo would be more'acéurately
perceived than modulations that increased in tempo regard-
less of ear of presentation. Tempo decreases would‘yield
higher accurécy of response scores than tempo increases
regardless of ear of presentation.

Ear advantage was taken to imply involvement of the
hemisphere contralateral to the ear. Thus, right ear
advantage would suggest left hemisphere lateralization.
Léft ear advantage would suggest right hemisphere lateral-

ization.
The Subproblems

The First Subproblem

The first subproblem was to determine whether ear of
presentation (left or right) affects reaction time scores

for perceiving modulations.

ThevSecond Suﬁproblem

The second subproblem was to determine whether type of

modulation (decrease or increase) affects reaction time
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13

scores for perceiving modulatioms.

The Third Subproblem

The third subproblem was to determine whether rate of
initial tempo (80 mm or 160 mm) affects reaction time

scores for perceiving modulations.

The Fourth Subproblem

The fourth subproblem was to determine whether assigned
frequency (750 Hz or 1000 Hz) affects reaction time scores

for perceiving modulations.

The Fifth Subproblem

The fifth subproblem was to determine whether reaction
time was affected by the interaction between levels of ear

and modulatioﬁ.

The Sixth Subproblem

The sixth subproblem was to determine whether reaction
time was affected by the interaction between levels of ear

and tempo.

The Seventh Sﬁbproblem

The seventh subproblem was to determine whether reac-
tion time was affected by the interaction between levels

of ear and frequency.
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The Eighth Subproblem

The eighth subproblem was to determine whether ear of
presentation (left or right) affects accuracy of response

scores for perceiving modulations.

The Ninth Subproblem

The ninth subproblem was to determine whether type of
modulation (decrease or increase) affects accuracy of

response scores for perceiving modulations.

The Tenth Subproblem

The tenth subproblemvwas to determine whether rate of
initial tempo (80 mm or 160 mm) affects accuracy of response

scores for perceiving modulatioms.

The Eleventh Subproblem

The eleventh subproblem was to determine whether
assigned frequency (750 Hz or 1000 Hz) affects accuracy of

response scores for perceiving modulations.

The Twelfth Subproblem

The twelfth subprobiem was to determine whether accu-
racy of response was affected by the interaction between

levels of ear and modulation.
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The Thirteenth Subproblem

The thirteenth subproblem was to determine whether
accuracy of response was affected by the interaction

between levels of ear and tempo.

The Fourteenth Subproblem

The fourteenth subproblem was to determine whether
accuracy of response was affected by the interaction

between levels of ear and frequency.

The Null Hypotheses

The First Null Hypothesis

It was hypothesized that there would be no difference
ih»total reaction time scores for perceiving modulations

between the left ear and the right ear.

The Second Null Hypothesis

It was hypothesized that there would be ﬁo difference
in total reaction time scores for perceiving modulations
between modulations that decrease in tempo and modulations

that increase in tempo.

The Third Null Hypothesis

It was hypothesized that there would be no difference

in total reaction time scores for perceiving modulations
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: , 16
between modulations at an initial tempo of 80 mm and mod-

ulations at an initial tempo of 160 mm.

The Fourth Null Hypothesis

It was hypothesized that there would be no difference
in total reaction time scores for perceiving modulations
between modulations at avfrequency of 750 Hz and modula-

tions at a frequency of 1000 Hz.

The Fifth Null Hypothesis

It was hypothesized that there would be no effect
upon reaction time scores due to the interaction between

levels of ear and modulation.

The Sixth Null Hypothesis

It was hypothesized that there would be no effect
upon reaction time scores due to the interaction between

levels of ear and tempo.

The Seventh Null Hypothesis

It was hypothesized that there would be no effect
upon reaction time scores due to the interaction between

levels of ear and frequency.

The Eighth Null Hypothesis

It was hypothesized that there would be no difference
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in total accuracy of response scores for perceiving mod-

ulations between the left ear and the right ear.

Tﬁe Ninth Null Hypothesis

It was hypothesized that there would be no difference
in total accuracy of response scores for perceiving mod-
ulations between modulations that decrease in tempo and

modulations that increase in tempo.

The Tenth Null Hypothesis

It was hypothesized that there would be no difference
in total accuracy of response scores for perceiving modé
ulations between modulations at an initial tempo of 80 mm

and modulations at an initial tempo of 160 mm.

The Eleventh Null Hypothesis

It was hypothesized that there would be no difference
in total accuracy of response scores for perceiving mod-
ulations between modulations at a frequency of 750 Hz and

modulations at a frequency of 1000 Hz.

The Twelfth Null Hypothesis

It was hypothesized that there would be no effect
upon accuracy of response scores due to the interaction

between levels of ear and modulation.
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The Thirteenth Null Hypothesis

It was hypothesized that there would be ﬁo effect
upon accuracy of response scores due to the interaction

between levels of ear and tempo.

The Fourteenth Null Hypothesis

It was hypothesized that there would be no effect
upon accuracy of response scores due to the interaction

between levels of ear and frequency.
The Delimitations

The subjects used in this study were limited to right-
handed, nonmﬁsicians. Student subjects were enrolled at
Western Michigan University, Kalamazoo, Michigan, during
the Summer Session 1981 and at College of Mount St. Joseph
on the Ohio, Cincinnati, Ohio, during the Winter Semester
1982. Non-student subjects were from Kalamazoo, Michigan.

Since musicians were not included in the study,
results may not be generalized beyoﬁd adult nonmusicians.
It is known that as the amount of musical training
iﬁcreéses,‘changes can occur in cerebral perception of
muéical stimuli. |

Results may not be generalized beyond adult non-
musicians who are right-handed. Left-handed persons may

show a right or mixed hemispheric dominance for speech.
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In tasks of rhythm that ét least pértially in?olve\tem—
poral analysis similar to that of speech, it can not be
assumed that processing'will be the same for the left as
right-handed. |

Results may be generalized only to the perception of
rhythm separated from melody. It‘ié known that rhythm may
be perceived differehtly within the context of a melody

than when separated from it.
The Definition of Terms

The definitions given below relate to the specific
context in which the terms are used in the present inves-
tigation.

Nonmusician refers to a subject who is not enrolled in

a college School of Music, who is not a member of a college
mﬁsic organization and who has had less than fhree years

of private or group choral or instrumental music study
during his/her public school éxperience.

Rhythm refers to the grouping of sounds according to
their duration in time. Rhythm is the organization of time
relationships among musical stimuli.

Tempo is a time description and refers to the rate
or speed at which rhythm progresses within musical stimuli.

Contralateral refers to the ear or cerebral hemisphere

on the opposite side of the body as the ear being stim-

ulated.
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Ipsilateral refers to the ear or cerebral hemisphere

on the same side of the body as the ear being stimulated.

Cerebral lateralization refers to a function that is

located in one specific hémisphere over the other.

Cerebral asymmetry refers to the size of difference

in function between the two hemispheres.

Monaural fefers to a listening‘task in which only oné
ear receives the étimuli (Sonn, 1969).

Binaural refers to a>1istening task in which both ears
réceive the stimuli (Sonn, 1969).

Dichotic refers to a listening task in which the sound
stimulus presénted at one ear is different from the sound

stimulus presented at the other ear (Sonn, 1969).
Assumptions

The ma jor assumption made by this researcher is that
the two processes of 1eﬁgthening/shortening notes and
decreasing/increasing tempo are related. This assumption
is made on the basis of results from three studies by |
Madsen (1979), Kuhn (1974) and Gates and Bradshaw (1977a).
These results partially form the theoretical basis of the
present invesﬁigation and give direction to thé inquiry.

Additionally, it is assumed that lateralizatiom
effects indicate a specialization of function for a given
hemisphere. Ear advantége, with its contralateral hem-

ispheric involvement, can be used to measure lateralization
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effects. Thus, a right ear advantage suggests a left hem-
isphere lateralization and possible specialization. Left
ear advantage suggests a right hemisphere lateralization

and possible specialization.
The Importance of the Study

A musical stimulus is composed of at least two inde-
pendent factors which in themselves require certain behav-
iérs of an individual. In the therapeutic sétting, the
music therapist can manipulate musical stimuli to help
accomplish a specific treatment goal.

Rhythm is one of the two independent factors in music.
Rhythm is part of the underlying structure, time order or
temporal seqﬁence, by which music is organized. Because
rhythm makes the temporal order of mﬁsic possible, it has
beén descr}bed as the ofganizer and energizer bf music
(Gaston, 1968).

Basic research into cerebral control of the various
elements of music is in‘the elementary stage. Research
investigating cerebral processing of rhythm is especially
fragmentary. An understanding of the separate or joint
functions of the two cerebral hemispheres in processing
time and rhythm would cbﬁtribute to the scientific founda-
tion on which the principles of music therapy are based.

Results of the present investigation may be used in

de&eloping strategies for improved skills in producing
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tempo changes within the rhythmié context 6f music. These
skills are useful for pérceiving as well as producing tempo
change as dictated by the musical stimuli in the therapeu-
tic/learning environment; Development of such strategies
ﬁill be possible only after much more evidence is gathered
concerning cerebral perception of mﬁsic and the nature of
music learning. |

To the best of this researcher's knowledge, a dichotic
stﬁdy has not been conduéted that uses fepeating rhythmic
patterns that modulate in tempo and ﬁhat requires the

subject to perceive direction of modulation.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER III
REVIEW OF RELATED LITERATURE

- Hemispheric Specialization ,
Three Major Lines of Investigation

Research in cerebral hemispheric specialization can be
categorized into three major lines of investigation. The
first two lines are composed of clinical studies involving
epileptic patients requiring either.a midline eerebral com-
missurotomy or a temporal lobectomy as a form of treatment.
The third line of investigation consists of experimental
studies using normal subjects. A basic description of the
role of the corpus callosum in hemispheric processing is
necessary to appreciate the significance of these studies.

Although the two cerebral hemispheres each have spe-
cialized processes, their functions should be thought of
as different parts of a total, integrated performance
rather than completely separate and parallel.  Right and
left hemisphere functions are integrated through a system
of cerebral commissures, the most important of which is
the corpus cailosum. The corpus cailosum connects the two
cerebral hemispheres which make up the upper part of the
forebrain. The nerve fibres that make up the corpus
callosum form reciprocal connections between parallel cen-
ters in the right and left hemispheres. Without the corpus

23
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callosum, there would be no communication or transfer of
learning betﬁeen the two hemispheres. The cdrpus callosum
correlates the right and left halves of the field of
viéion,.integrates sensaﬁions and coordination of both
halves of paired limbs, and unifies cerebrai.processes of
attention and awareness (Sperry, 1964). Shared learning'
and memory between the hemispheres is made possible by |
passing of information in the form of engrams via the cor-
pus callosum3  The éngrams are established in ﬁhe hem- |
isphere being directly trained but are available to the
other hemisphere if needed. Thus, learning is not trans-
ferred from one hemisphere to the other when the corpus
callosum is cut. The two separated'hemispheres can learn
different solutions to the same problem depending upon
which hemisphere received the triggering stimulus. Con-
versely, when the corpus callosum ié intact, ény incompat-
ible messages from one hemisphere to the other are dis-
regarded since one hemisphere is usually dominant at a
time (Sperry, 1964). Studies by Sperry and ofhers using
patients who have had their corpus callosum sectioned as
treatment for severe epilepsy form the first line of
investigation into hemispheric specialization. Midline
cerebral commissurotomy eliminates communication between |
the two hemispherés,‘but it leaves them otherwise intact
and capable of functioning separately. This surgery

ailows for comparison of independent performance of the two
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hemispheres in the same person. Results of these inves-
tigations supply evidence for the strong lateralization of
séeech, writing and calculation in the left hémisphere.
After surgery, the patients seem to rely primarily on the
left hemisphere to function apparently normally in daily,
life. However, the disconnected right hemisphere was shown
to have tactual, visual and auditory aptitudes. Addi tion-
ally, the right hemisphere was shown to have some rudimen-
tary verbal COmpreheﬁsiOn although it was largely incapable
of speech or writing (Sﬁerry, cited in Milnef, 1975). In
summary, Sperry and others found that each hemisphere seems
to process information ih fundamentally different ways and
that the role of the corpus callosum is to unite a single
process having parts in both hemispheres.

The second major line of investigation in hemispheric
specialization comes from the pioneer work of Milner and
others with epileptic patients havihg unilatefal 1esions or
damage to only one of the temporal lobes. It was found
that a left temporal lobectomy impaired learning and reten-
tion of verbal materiai, but it did not affect memory fdr
perceptual material such as faces, melodies or nonsense
patterns. A fight temporal 1obect§my impaired the recoghi—
tion and recall of visual and auditory patterns not closely
connected with verbal coding (Milmer, 1975). However, use
of the Wada technique with these patients revealed that

speech may be represented in the right hemisphere in some
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right-handed cases. According to Milner, the Wada tech-
nique also showed that cerebral dominance for speech among
left-handed subjects is variable with some of them showing
bilateral representation.

The Wada technique, developed in 1949, is used before
‘temporal lobectomies or other brain surgery that may affect
language mechanisms. The technique consists of injecting
sodium amobarbital into either the right or left carotid
artery which induces a temporary léss of function in the
depressed hehisphere.' In every case in which Wada and
Rasmussen (1960) used the technique to determine hem-
ispheric dominance for speech, subsequent surgery confirmed
the accuracy of their finding. Thus, research has shown
that although the tendency for speech function to be organ-
ized in the left hemisphere is great, handedness does play
a part in this area of cerebral dominance. '

The third major line of investigation into hemispheric
specialization supports evidence from the first two. This
liﬁe of research involves normal subjects who'perform spec—
ified tasks better with one side of their bodies than the
other. An example of this type of investigation is research
in which reaction times are noted for performance of tasks
with one hand over the other. Other studies involve the
accuracy with which subjects perceive visual stimuli deliv-
efed to the right or left of a fixed point. Another type

of study measures the accuracy with which subjects perceive
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competing auditory stimuli. This last type of research
involves the dichotic listening technique.

Hemispheric Specialization
The Role of the Dichotic Listening Technique

The dichotic listening technique was developed in 1954
by Broadbent. The need for using this technique to estab-
lish cerebral auditory function and specialization becomes
apparent when the physical mechanics of audition are exam-
ined. Each éar is represented biléterally at every stage
of the auditory pathway. The auditory pathway carries
impulses from the ear to the cochlear nucleus to the trans-
vérse gyrus of Heschl, the primary auditory éortex. There-
fore, sound input can not be restricted to one hemisphere;
either hemisphere is able to‘hear through either ear.
However, the auditory pathways from the ears to the cer-
ebral auditdry receiving areas in the right and left hem-
ispheres are partially crossed. The central nervous system
dictates that each hemisphere receives information prima-
rily from the opposite ﬁalf of the body. Thié means that
although each hemisphere receives input from both ears, the
neutral connections from one ear to the contralateral hem-
isphere are stronger than the connections to the ipsilat-
eral hemisphere (Milmer & Sperry, 1968). Evidence for this
phenomenon was first demonstrated through Rosenzweig's

(1951) electrophysiological work with cats. By measuring
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the EEG response of anesthetized cats to electrically gen-
erated clicks at each auditory cortex, Rosenzweig found
that the response of the contralatéral ear was signif-
icantly larger in amplitude than the response of the ipsi~
lateral ear.

Although a sound played into just one ear wil1 show a
larger contralateral than ipsilateral response, it is not
enough to obtain reliable differences between the ears.

It is usually necessary to create competition by playing
two differentvmessages simultaneously, one into each ear,
to reliably demonstrate ear advantage and possible cerebral
dominance. Rosenzweig proposed that there is a point at
which input from each ear overlaps. At this point, the
input of the contralateral pathway can partially occlude
or block impulses arriving along the ipsilaterél path.

This view is.supported by Kimura (1967) and Milner, Taylor
and Sperry (1968) among others. In essence, the dichotic
listening teChnique creates auditory overlap.‘,

The basic dichotic listening technique involves pre-
senting two different messages, such as digits, through
headphones simultaneously to the two ears, one message to
the left and one to the right. Usually, three such pairs
are presentedvin rapid succession. At the end of the six
digits, the subject is asked to report all the numbers he

heard in any brder he recalls.
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Hemispheric Specialization
in Speech
* The dichotic listening technique was modified by

Kimura in 1961 to investigate hemispheric dominance in
speech. Using the technique with patients’having temporal
1e$ions (1961a) and normal subjects (1961b), Kimura found
ih both populations a greater accuracy of recall for
digits presented to the right ear than to the left. Broad-
bént‘and Gregory (1964) éonfirmed this finding using‘normél
subjects with a recognition rather than recall task; sub-
jects recognized more digits presented to the right ear
than left. Likewise, normal subjects in the Milner, et al.,
(1968) study showed a significant right ear superiority for
recalling dichotically presented digits. The patients hav-
ing left temporal lobectomies in both the Kimura (1961a)
and Milner, et al., studies showed impaired pefformance dn
the dichotic‘task by recalling fewer digits correctly than
patients with right temporal lobectomies. The impairment
of the left Hemisphere decreased the efficienéy of report
for the ear contralateral to the lesion in a verbal task.
The Milner, et al.; commissurotomized patients, who were
all deprived of all inpﬁt from the right hemisphere, had
near zero scores on recalling dichotically presented dig;v
its to the left ear. In contrast, under monaural condi-
tions these patients showed equal accuracy with both ears

in reporting‘digits.- These findings confirm the dominance
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of the contralateral over ipsilateral auditoryvprojection
system.

, Using the dichotic listening technique, Satz, Achen-
bach, Péttishall and Fennell (1965) found that although |
the right ear was more efficient for recalling digits than
the left ear for both right and left-handed sﬁbjects, |
handedness played a role in degree of asymmetry. The mean
difference in scores between the right and left ears for

‘ the right-handed subjects was almost twice aé_large as for
left-handers. These results support Wada and Rasmussen's
(1960) findings that there is a relationship between hand-
edness and hemispheric dominance for speech, especially
among right-hénders. Kimura (1961b) found a higher propdr—
tion of left-handers than right-handers with speech rep-
resentation in the right hemisphere. Branch, Milner and
Rasmussen (cited in Kimﬁra, 1967) estimated that 90% of
normal right-handers and over 60% of normal left-handers
have speech functions represented in the left hemispheref
Satz, et al;, (1965) suggested that the probability of
left hemisphere speech representatidn in the right-hander
is p = .97, whereas right hemisphere spéech representation
in the left hander is p = .35. In general, left-handed
subjects tend to show a varied and less reliable pattern
of speech representation.

' Another factor in ear asymmetry is immediate or per-

ceptual recall versus delayed or stored recall. Satz,
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‘et al., found a significant difference betweeﬁ errors made
in immediate recall of di¢hotically presented digits and
errors made in delayed fecall. In the delayed recall
condition, all digits heard in a specified ear had to be
" reported before digits heard in the other ear. Satz,
et al., hypothesized that excess verbal information could o
be stored and more easily accessed to the contralateral
than ipsilateral eér of the speech dominant hemisphere.
Their hypothesis was based upon the efficiency bf crossed
auditory connections. These researchers also found that
creating stimulus overload greatly increased the ear asym-
metfy by incréasing the margin of accurate recall between >
the two ears. The overload condition was achieved by
increasing the amount of stimulus information from three
to six pairs of digits.
Research indicates that attention to task is ome
other factor involved in ear asymmetry and cerebral dom-
inance. Treisman and Geffen (1968) presented dichotic
speech messages to normal subjects.'vThe task required
subjects to simultaneously verbally shadow one of the mes-
sages and manually tap when a target word was heard.
Reéults indicated that thé verbal response of shadowing
showed right ear dominance more clearly than the manual
response of tapping. Treisman and Geffen maintained that
right ear doﬁinance for verbal inpuﬁ is primarily a qual-.

itative difference in distribution of attention to left
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and right ear input reaching the left hemisphere speech
centers.

In 1967, Curry found the expected right ear advantage
for recalling dichotically presented words in normal sub-
jects. Curry also found a right ear advantage for recall-
ing dichotically presented nonsense syllables. In both
verbal tasks, right-handers reached significance level
only on the words task. Despite the absence of meaning,
the nonsense syllables were processed in the same way as
meaningful words. Curryvproposed that this mey have been -
because the syllables had English phonemes in common with
the words. In contrast, dichotically presented environmen-
tal nonverbal.sounds, such as a carvsterting or a toilet
flushing, yieided a left ear advantage for both right and
left-handers; But significance was reached oniy for right—
handers. Knox and Kimura (1970) also found that primary
school children showed a left ear advantage for nonverbal
environmental sounds, such as a clock ticking, phone dial-
ing and animal sounds.

King and Kimura (1972) found that voice quality alone
is not enough to engage left hemisphere processing. Their
data indicated that vocal nonverbai sounds, such as cryiﬁg,
laughing and sighing, resulted in a significant left ear
advantage. This would indicate right hemisphere processing
fer these normal subjecﬁs. Additionally, this study found

that hummed melodic patterns yielded a left ear advantage.
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Hemispheric Specialization
in Music

Left ear/right hemisphere dominance for melodies was
first shown by Kimura. Kimura's (1964) pioneer study used
noﬁmal subjects and contrasted right ear advantage for
dichotically presented digits with left ear advantage for
classical solo instrumental passages.  This study insti-
gated scores of dichotic research experiments in the area
of cerebral processing of musical functions. McCarthy |
(1969) replicated Kimura's study with two exceptions. The
first exception was the use of recognition instead of
re¢a11 for reporting. Sécondly, McCarthy used organ tones
rather than solo melodies played on string and woodwind
instruments in an attempt to control for differences in
timbre, rhythm, pitch and intensity. McCarthy's results
supported Kimura's in that the normal right-handed sub-
jects recognized more dichotically presented tones in the
léft ear and more digits in the right ear. Under dichotic
stimulation conditions, Sidtis (1978) also fouﬁd right ear
advantage for speech sounds and left ear advaﬁtage for
tones in normal subjects. As the tones progressed in com-
plexity from pure tones to overtone laden square waves, |
Sidtis found increasingly right hemisphere advantage in
accuracy and latency of response. Further support for these
right/left asymmetries has been found in infants. Glan-

ville, Bradley, Best and Levenson (1977) habituated cardiac
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responses of three month old babies to dichotically pre-
sented speech syllables and piano and brass tones. When a
novel stimulué (a reed tone) was introduced dichotically.
with the habituated speech stimulus, the infants showed a
greater left than right ear response as measured by heart
rate reéovery. These résults were taken to support the
auditory asymmetries seen in older children and adults.

Ar1976 study by Calderon-Teran investigated whether
the established right/left ear asymmetries would remain
strong under conditions of simultaneous processing of ver-
bal and tonal infdrmation. The four dichotic testing con-
ditions consisted of: simple dichotic tonal patterns,
diéhotic digits, spoken'digits superimposed oﬁ piano notes
in dichotic competition, and sung digits competing with
toﬁal patterns. Calderon-Teran fouﬁd that in immediate
recall the expected right and left ear advantages occurred
in concurrent verbal and tonal processing.  Results from a
delayed report condition supported the Satz, et al., (1965)
findings cited earlier. Information seems to decay less
rapidly in its dominant hemisphere. That is,‘Qerbal mate-
rial was more easily recalled in the left hemisphere and.
tonal material in the right.

Further évidence for right hehisphere dominance for
tonal material is provided by a Sidtis and Bryden (1978)
st@dy in whiéhbpiano tonés and English nouns Qere dichot-

ically presented to normal subjects. After an initial
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right ear advantage for tones and left ear for words, the
effects reversed and the expected asymmetries appeared.
Practice effects seemed to be differential in‘this study. 
Left ear performance improved only when tones were pre-
sented, and right ear improvement was dependent upon pres-
entation of words. Like Calderon-Teran (1976), Sidtis and
Bryden suggested that dichotic stimulation, at least to
some degree, promotes independent processing in the two
hemispheres. It might be argued that in processing complex
stimuli the two hemispheres select the component for which
each is dominant to process (Calderon-Teran, 1976). How-
ever, Jellison (1976) found that musically trained and
untrained sub jects showed a right ear rather than left ear
advantage for song input in three out of four experimehtal
conditions. The subjects listened to dichotically pre-
sented digitslunder verbal/song and right/left ear condi-
tions. In general, song seemed to facilitate digit recall
in all subjects, especially the trained musicians.

Jelliéon suggested this effect may be due to the existence
of two types of storage co&es used in recall.

Reaction times have been used in many dichotic and a
few monaural experiments to provide Support for right hem-
isphere procéséing of musical stimuii. The Sidtis and |
Bryden (1978) study previously cited used reaction times as
well as accurécy of recall to demonétrate right/left asyﬁ—

metries in dichotic listening. In a monaural. listening
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task, Kallman (1977) instructed normal subjects to indicate
whether a coﬁsonant/vowel syllable or an instrumental note
was a specified target sound. Reaction times were recorded
and results paralleled the usual dichotic stimulation |
results. Using monaural reaction times to consonant /vowel/
coﬁsonant syllables and tones, Haydon and Speilacy (1973)
found reaction times were faster for the right ear when
tones and speech sounds were presented at random. In con-
trest, expected order of presentation of the tones and
speech sounds produced no difference in reaction time
between fhe ears. Haydon and Spellacy attributed these
results to attentional rather than language processes.
Bradshaw,vNettleton'and Geffen (1971) studied right and
left hemispheric asymmetries using delayed auditory feed-
back (DAF) under conditions of dichotic input._ The dis-'
ruptive DAF was presented in competition with nondisruptive
feedback while the subjects played the piano, read prose or
read a word list. The right-handed, musically trained sub-
jects were more affected (reading times increased) by dis-
ruptive DAF presented in the right ear than the left ear
while reading prose or the word list. While playing the
piano, the subjects were more affected (playing times
increased) by the DAF presented to the left than right ear.
These results support the expected asymmetries, and the
researchers attributed them to the attentiomal process as 

a function of the requirements of the task.
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Further evidence for hemispheric lateralization in
linguistic and musical tasks is provided by the 1973 study
of.McKee, Humphrey and McAdam. Alpha activity was measured
over the right and left temporal lobes during a séries of
four tasks: recognizing a musical theme and three increas-
ingly difficﬁlt linguistic tasks based on ideﬁtifying a
target word. Results indicated that the normal subjects
produced more alpha activity over the right hemisphere than
the left whatever the task. Additionally, left/right
ratios were highest for the musical task and deéreased as
the linguistic tasks became more difficult. The largest
degree of asymmetry was seen for the music task and less .
asymmetry was éhown as the 1inguistic tasks became more
difficult.

Turning to studies'which place a greater émphasis on
musical rather than verbal processing, clinical evidence
from Shankweiler (1966) and Bogen and Gordon (1974) support
Kimura's (1964) position that certain musical functions are
right hemisphere processes. Shankweiler found that percepé
tion of dichotically presented melddies was impaired in |
patients who had undergone right temporal lobectomies.
However, Shankweiler.maintained that the dominance of the
right temporal lobe for‘nonverbal stimuli is weaker than
the corresponding dominance of the left lobe for speech.

Shankweiler (1966) stated that:
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In cases of right temporal lobe damage the pres-

ence of an epileptogenic lesion without surgical

excision often shifts the balance in favor of the

right ear on the melodies test, whereas on the

digits test right ear superiority is found in

spite of the interfering effects of an epilepto-

genic lesion of the dominant left hemisphere.

(p. 118)

Although Gordon and Bogen (1974) found that a right carotid
injection of sodium amobarbital impaired singing of mel—
odies while leaving speech intact, the opposite was not
true. After a left carotid injection, singing was much
less disturbed than speech was impaired. This result sup-
ports Shankweiler's (1966) position of weaker right hem-
isphere dominance effects. ,

Cook (1975) dichotically presented musical phrases to
musically trained subjects. Unlike other experiments which
used recall tasks involving tonal memory, Cook required
the subjects to visually recognize the phrase from several
notated choices. Once égain, the results indicated a left
ear advantage in processing musical stimuli.

Additional support for right hemisphere processing df
nonlinguistic tasks is found in the Taub, Tanguay, Double-
day and Clarkson (1976) study. Taub, et al., found that
quasi—randomly presented chords evoked a significantly
larger EEG response amplitude over the right than left
hemisphere when the chords were presented to the contra-

lateral (left) ear. In a very similarly designed study,

Taub, Tanguay and Clarkson (1976) found that reaction
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times to randomly presented chords were faster for the
left ear stimuli. |

Not all hemispheric asymmetry research using musical
étimuli has yielded clear-cut results following the
expected lateralizations. Variables such as degree of
musical traihing, task requirement, interstimulus interval
and processing strategies complicate generally held expec-
tations. Kallman and Corballis (1975) féund that reaction
times for recognition of dichotically presented instrumen-
tal tones showed the expected left ear advantage during
che first test block, but the advantage disappeared during
the remaining three test blocks. Spellacy (1970) also
found that ear asymmetry disappeared during prolonged test-
ing. Like Spellacy, Kallman and Corballis hypothesized
that the left hemisphere might be able to process musical
soﬁnds as efficiently as the right once a strétegy to do
so is established.

Spreen, Spellacy and Reid (1970) used only the first
section of the solo viélin music used in the 1970’Spellacy
stydy to avoid dissipation of asymmetry effects. The vio-
lin music was dichotically paired with pure tone patterns.
The study yielded the expected left ear advantage for musi-
cal stimuli. The resulté also indicated that the degree
of difference in scores between ears for music and tonal
patterns decreased as the length of interstimulus interval

increased. Significant results were obtained at the five
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second interval, but no significant difference between
ears was found at the 12 second interstimulus interval.

Bartholomeus (1974) found that when different tasks
were based on the same‘acoustical stimuli, shifts occurred
in hemispheric dominance. Normal right-handed subjects
wefe presentéd a series of dichotié trials. Each trial
involved two different sequences of letters sung to two
different melodies by two singers.i Results indicated a
definite left ear supériority for melody recognition.
There was no difference between ears for recognition of
sung voices. Bartholomeus suggested that the laterality
effects in audition may be dependent upon task as well as
stimulus characteristics. |

Degree of musical training among subjects is another
variable in the processing of musical stimuli. A Bever and
Chiarello (1974) study indicated that musicaily trained
subjects perceive dichotically presented melodies better
in the right than left ear, indicating left hemisphere
involvement. The reverse was shown among the musically
naive subjects, Using Spellacy's 1970 solo violin‘musicv
in a dichotic listening task, Johnson (1977) found signif-
icant differences between musicians and nonmusicians.
Supporting tﬁe Bever and Chiarelld results, Johnson found
that musicians obtained more correct recognition scores
with the right than left ear.

Two studies measuring alpha wave production indicate
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that muéicians process music differently than nonmﬁsicians.
McElwain (1979) found that dichotic listening tasks elicit
more alpha wave production over the right temporal lobe'iﬁ
nonmusicians while musicians produced more alpha wave over
the left temporal lobe. McElwain also found that musicians
iﬁcrease alpha wave prodﬁction over time while there is a
decrease for nonmusicians. Whitten (1979) measured alpha
wave production during three conditions: silence, free
listening to.music, and listening with musical tasks.
There were no'significant differences in alpha wave produc-
tion among tasks, but age and musical training did show
differences. Overall, children showed greater asymmetry
between hemispheres in élpha wave production than adults.
Musically untrained adults showed more asymmetry than musi-
cians. Since less asymmetry was shpwn in musically trainéd
adults, Whitten hypothesized that music is such a complex
stimulus that it involves the full response of both hem-
ispheres to process it. ‘

In conflict with the research just presented, Gaede,
Parsons and Bertera (1978) presented some evidence indi-
cating that processing differences might be due to musical
aptitude rather than training. Aptitude of trained musi-
cians having‘five or more years of‘lessonS'was determined
by the Drake Musical Aptitude Test. Aptitude of the musi-
cally untrainéd subjects_was determined by the>same instru-

ment. Experimental conditions for the tests of laterality
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were the chord analysis and memory sequence analysis taken
frdm the Wing Standardized Tests ofiMusical Intelligence.
Disagreeing with the results of Bever and Chiarello (1974),
Gaede, et al., found that both trained and untrained high
éptitude subjects had significantly lower ear error scores
on both tests. Experience and aptitude affected the gen-
eral level of performance, but only aptitude related to
ear advantage or hemispheric differences. High aptitude
subjects showed minimal ear differehces while low aptitude
subjects had significant ear difference scores on both
tests. Gaede, et al., suggested that low aptitude for
mﬁsic might be the result of a rigid hemisphefic strategy
of processing whether it be analytically or holistically
oriented. In contrast, high aptitude for music might be
the result of using both types of strategies flexibly
depending upon the need.

Hemispheric Specialization
in Time and Rhythm
The research discussed thus far indicates that although

the body of literature concerning hemispheric processing of
musical stimuli is growing, research in the area of musi-
cal cognitioniand.cerebral specialization is sﬁill frag-.
mentary. This is especially true of research in the area

of time and rhythmic processing. Existing research in the

area of time and rhythm yields some seemingly conflicting
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results. Some evidence exists suggesting a right or left
hemisphere involvement; however, other research supports a
bilateral or lack of lateralization theory. It appears
that neither the right nor left hemisphere alone exhibits
an unequivocal specialization for rhythm.

Some of the evidence for left hemisphere processing'
of rhythm is based on Leshley's (1951) explofation of tem-
poral order in speech. Lashley theorized that left hem-
isphere dominance for sPeech is closely related to proc-
essing of the rhythmic patterns in speech. Lashley felt
that speech is the best example of temporelly ordered
behavior. Martin (1972) added that the rhythmic patterns
in speech carry a heavy information load useful in perceiv-
ing speech in and of themselves, separate from phonemes.
Based on these theories, Robinson and Solomon (1974)
hypothesized that nonspeech rhythm patterns would be proc-
essed by the speech hemisphere even though no phonic infor-
mation was involved. Twenty-four normal, right-handed
sub jects were involved in a dichotic listening task requir-
ing a forced choice recognition of pure tone rhythmic pat-
terns. The subjects were able to accurately identify more
rhythmic patterns presented to the right ear than to the
left which supported the experiment's hypotheSis of left
hemisphere involvement.

The clinical studies of M. Gordon (1967), Needham and

Black (1970) end Carmon and Nachshon (1971) provide support
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for left hemisphere involvement in judgements of duration
and temporal ordering of aural stimuli. M. Gordon (1967)
found that patients with lesions in the dominant (left)
heﬁisphere were not ablé to discriminate tome durations
as accurately as patients with right lesions or control
(normal) subjects. The left hemisphere lesion patients
could not tell which tone of a pair was longer or shortér
than the test tone with as much accuracy as the other two
g?oups. In the 1970 Neédham and Black study; aphasic sub-
jects with left hemisphere impairments were not able to
discriminate differences in pure tone durations as accu~
fately as nonaphasic subjects. Again, the aphasics were.
not able to tell whether the second tone was longer or
shorter than the first tone as well as the right hemisphere
impaired patients or the control subjects. In the Carmon
and Nachshon (1971) study, patients having left hemisphere
lesions were not able to identify the order of a sequence
of three, four or five audiovisual stimuli (colored lights,
toﬁes and clicking sounds) as accufately as tﬁe right |
lesion patients or control subjects.

A study by H. Gordon (1978) used normal college level
musicians and nonmusicians in a melodies recognition task.
Results showed a right ear advantage for all subjects for
recognizing melodies whose changes were rhythm cued. Nei-
ther group showed a difference in ear scores for recogni-

tion of melodies whose changes were pitch cued. These
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results indicate a left hemisphere involvement in recog-
nizing rhythmic changes at least within the context of a-
melody. However, Gates and Bradshaw (1977b) have noted
that research showé that rhythm may be processed differ-
ently when in the context of a melody than when it is
séparated from melody and consists only of teﬁporal pat- 
terned stimuli.

Gregory, Harriman and Roberts (1972) presented evi-
dence suggesﬁing that the right hemisphere may be involved
in processing the element of time. Five normal subjects |
listened to stimuli‘of 70 msec pure tones Which were pre-
sented alternately to each ear. The near auditory thresh-
old stimulus tone was paired with white masking noise in‘v
the nonstimulated ear. The experimental condition task
required the subject to adjust the precise timing of incom-
ing stimuli in the right ear so thét the tones appeared
regular. The timing of the tones in the right ear could
be adjusted by the subject over a range of 430 to 570 msec
after hearing the left ear tones which were presented
every 1000 msec. Results yielded a significant difference
of about four msec between the control condition and the
experimental condition described above. The stimulus in~
the right ear was delayed relative'ﬁo the stimulus in thé
left ear. The efficiency of the contralateral auditory
pathway was taken to account for the right cerebral dom-

inance. The right hemisphere was superior for perceiving
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time of arrival of tonmes.

Many studies examining the two temporal aspects of‘,»
auditory stimuli (time and rhythm) yield results indicat-
ing a lack of.lateralization or bilateral involvement. In
an early study, Milner (1962) tested a group of 27 patients
haVing unilateral temporal lesions on the six Seashore
Measures of Musical Talénts tests; The tests were admin;
istered before and two weeks after temporal lobectomies
were performéd, 16 operations on the left and 11 on the
right. On the test of rhythm, Milner found no dlfferences
in scores before or after operations for either right or
léft lobectomy patients. On the Seashore time test, there
was no before and after operation difference in scores for
- left lobectomy patients; however, depressed scores created
a small but significant difference for right lobectomy
patients (Milner, cited in Mountcastle, 1962).

The 1971 Bogen and Gordon study examined the functions
of patients undergoing a right carotid artery'injection of
sodium amobarbital which temporarily depressed the right
hemisphere's functioning. It was found that singing famil-
iar, simple songs was grossly disturbed, being off-key or
monotonic, while the intelligibility and rhythmicity of
speech were not. The patients were able to maintain cor-
rect rhythms even though they were not aBle to produce the
correct pitch. Discussing this study in a later report,

Gordon and Bogen (1974) stated that the right hemisphere
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‘depression resulted iﬁ correct rhythms although they were
somewhat slowed. A separate study revealed that left hem-
isphere depression after sodium aﬁobarbital did not afféct
rhythm either (Gordon & Bogen, 1974). Sturgis and Martin
(1974) support these results stating that simple musical
tunes remain recognizable when pitches are varied as long
as timing relationships are left intact. The evidence
seemed to indicate that rhythmic production is possible by
either hemisphere indepeﬁdent of the ability to sing or
pitch. |

Schulhoff and Goodglass (1969) designed a dichotic
experiment in which normal control subjects,'ieft lesion
(éphasic) and right lesion subjects were required to count
the number of clicks heard in each ear. The control sub-
jects did not show any difference:in scores between ears
for the task. The laterality effects in both groups of
brain injured subjects were due to site of injury. Theré
was a marked decrease in performance in the ear contra-
lateral to the injury. This was superimposed on a marked
bilateral impairment for counting clicks in both brain
injured groups.

. Hicks and Brundigé’(1974) invéstigated the'temporal
element of duration with a group of normal subjects. The
experiment required the subjects to estimate the lapse of
time at givén intervals under three conditioﬁs: stariﬁg»

at a blank piece of paper, sorting cards with words into
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familiar and unfamiliar stacks, and sorting cards with
pictures of faces into familiar and unfamiliar stacks. ,
Since recognition of faces is mediaﬁed by the right hem-
isphere and recognition of words by the left, lateraliza-
tion effects were expected. However, there was no dif-
ference in scores among any of the conditions, although
the experimental subjects had shorter time judgements than
the control subjects who stared at the paper. Hicks and
Brundige theorized that the tasks took the subjects'’
attention away from temporal cues. A 1970 Gordon study
yielded no laterality effects on a dichotic task in which
recognition of melodies played on a recorder was required.
These results are in contrast to the results of the 1978
Gordon study cited earlier in which a dichotic melodies
task showed left hemisphere dominance effects. One dif-
ference between the two studies that may have affected the
results is that the 1970 study used college level musicians,
and the 1978 study used both musicians and nonmusicians.
The 1970 study also showed a significant left ear/right
heﬁisphere dominance for distinguishing chords. Gordon
concluded that the chords task involved only one cue,
pitch, whereas the melodies task involved two ¢ues, pitch
and rhythm. Since pitcﬁ'is a right hemisphere, nontemporal
quality and rhythm is a temporal, possibly left mediated
quality, Gordon proposed that thesé two cues confounded

the results and accounted for the lack of laterality.
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Gates and Bradshaw (1977a) conducted six dichotic
experiments in which a series of five notes were altered
by pitch, harﬁony and rhythm. In tﬁe third ekperiment, |
the note pattern was altered by rhythm only, and subjects
were able to'perceive rhythm changes faster with the left
ear. The right ear was more accurate in analyzing the
rhythmic changes. Faster perception of rhythmic changes
by the left ear would appear to support the Gregory,
Harriman and Roberts (1972) study cited earlier in which
the right hemisphere wasvinvolved in perceivihg the time |
of arrival of tones. More accurate perception of rhythm
changes by the right ear would seem to support the
Robinson and‘Solomon (1974) study éited earliér in which
the left hemisphere perceived pure tone rhythmic patterns
mpfe accurately than the right.

The 1970 Spellacy study discussed earlier partially
involved a task requiring recognition of tone pulse pat-
terns either five or 12 seconds after their dichotic pres-
entation. No lateralization effects were found for either
the five or 12 second conditions. 'Among three other |
dichotic experimental conditions (music, frequency and
timbre), only music showed a dominance effect:and that was
for the right hemispheré at the five second interval. The
12 second interval did not yield lateralization under any
condition. | |

In an experimental task requiring subjects to
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binaurally tap out rhythms to speech and musical stimuli,
Vftunski (1977) found that contralateral relationships
were stronger than ipsilateral ones as revealed by EEG
measures. However, no lateralization was found during

stimulation. Tapping responses did not show any phase or

linear relationship differences in motor activities between
tasks. This study indicated that rhythm may be processedv
by either hemisphere.

Bradshaw, Nettleton and Geffen (1972) designed a
sefies of experiments'in&olving delayed auditory feedback
(DAF). The task in experiment four required subject
responses ranging from purely verbai, nonrhythmic responses
to nonverbal, rhythmic responses. The subjects were
required to complete five tasks under DAF conditions: read
a prose passage, repeat‘a.meaningful rhythmic refrain
("there was a nice little old armchair'"), repeat a meaning-
less rhythmic sequence ('da" and 'di" syllables), whistle
on a recorder, and manually tap out the "armchair'" refrain
(Bradshaw, Nettleton & Geffen, 1972, p. 237). Results |
showed a significant right ear effect for the prose passage
and a lesser right ear effect for the armchair phrase.
Thgs, a greatef and lessér degree of left hemisbhere
involvement was implied. Significant left ear effects were
observed for whistling without thinking the words of the
"érmchair" refrain and, to a lessef extent, whistling while

covertly thinking the words. These results were taken to
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imply right hemisphere involvement to a greater and lesser
extent. Significant right hemisphere effects_were shown
by the manual tapping ﬁithout covert thinking condition.
Covertly thinking the words while tapping reduced the mag-
nitude of the left ear effect and implied a lesser degree
of right hemisphere involvement. = Bradshaw, et al., con-
cluded that cerebral asymmetry can be described as a con—v
tinuum which exteﬁds from left to right hemisphere with a
neutral or undifferentiated zone in the middle. They did
ndt theorize whether or not the center zone fepresents
joint participation by the two hemispheres.

| Halperiﬁ, Nachshon and Carmon (1973) used temporally
patterned nonverbal stimuli to demonstrate a shift from
left to right ear advantage as the experimental task
requirements became mofe complex. The normal subjects
were given two dichotic listening tasks which required
them to identify sets of sounds differing in their sequen-
tial complexity of frequency (combinations of high and low
sounds) or complexity of duration (combinations of long
and short sounds). Results showed a left ear/right hem-
isphere superiority at zero transitions for both frequepcy
(é.g., High—High—High) 5nd duration (e.g., ldng, long,
long) trials. At one transition, subjects showed a tend-
ency toward left ear superiority for frequency trials
(é.g., High-Low-High) and a tendenéy toward right ear

éuperiority for duration trials (e.g., long-short-long).
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The magnitude of difference between ears was greater for
frequency than duration trials at all number of transi-
tions. Data showed that as the number of transitions prog-
ressed from zero to two, a shift from left ear to right ear
superiority took place. The researchers concluded that the
direction of ear superiority for the reports varied as a
function of the complexity of the témporal pattern.

Natale (1977) tested right-handed college students on
a series of handedness measures and on dichotically pre-
sehted repeated, nonverb#l, rhythmic sequences. The hand-
edness measures included manual tasks as well as a self
réport instrument. Analysis revealéd that the>manua1
handedness tésks were positively related to the degree of
left hemisphere asymmetry for recognition of the dichotic
rhythmic sequences. The data also‘showed a significant
left hemisphere superiority for recognition of the rhyth-
mic stimuli. Similar to the results of Halperin, et al.,
(1973), Natale found increased left hemisphere asymmetry
fot complex rhythmic trials as opposed to easy trials. As
a group, subjects showed a greater‘right ear lateralization
for the hard rhythms.

Papcun,‘Krashen, Terbeek, Remihgton and Harshman
(1974) conducted a dichotic listening experimeﬁt in which
Morse code signals were preseﬁted to Morse code operators
aﬁd Morse code naive subjects. The dot and désh signals

were composed of units: a dot was one unit, a space was
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one unit, andva dash was three units. Morse code opera-
tors showed a right ear advantage for perceiving signals
of al1 lengths or number of units. The Morse code naive
subjects also showed a right ear advantage fbr perceiving
signals up to seven units long, but they showed a left ear
advantage fof signals over seven uﬁits long. This shift
in dominance from left to right hemisphere would seem to
concur with the Halperin, et al., (1973) results suggest-
ing that shift in hemispheric dominance may be a function
of complexity of task or stimuli. Papcun, et al., were
not able to determine whether it was the temporal length
restriction or the number of units that brought about the
shift in ear édvantage.. The researchers hypothesized thét
seven may represent a threshold for processing information.
Seven units may be the limit of the immediate memory span
for transmitting information. Thﬁs, the naive subjects
may have been able to process the stimuli with seven or
fewer units by noting the individual elements in the sig-
nal and by lateralizing the shorter signals to the left -
hemisphere. However, the longer signals of more than
seven‘units may have forced the naive subjects to adopt
strategies taking into account the holistic qualities of
the signals énd thus lateralize them to the right hem- |

isphere.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 54

Summary

The old assumption that the type of stimulus material,
verbal, nonverbal or music, is the only index‘df which ear
gives a better performance has been questioned (Critchley,
1977). Research has shown that a lack of the verbal compo-
nent is not enough to inéure right hemisphere superioritj
(Gordon, 1978). 1If under certain conditions, such as tem-
poral patterning, nonverbal stimuli can be mediated by the
left hemisphere, then the old assumptions do not hold
(Halperin, Nachshon & Carmon, 1973).v Nonvérbal temporal
sequences and speech may be processed in the same hem-
isphere not because 6f two independent processes but
bééause of one basic underlying proéess: tempbral anal-
ysis (Carmon & Nachshon, 1971). It has been suggested
that the division of labor between the two hemispheres may
not have so ﬁuch to do with the specific musical stimuli
as with different perceptual dimensions or mode of response
(Cafmon & Nachshon, 1971} Gordon, 1978).

Accumulated evidence seems to indicate that the left
hemisphere can be involved in accurately perceiving rhyth-
mic changes (Gates & Bradshaw, 1977a; H. Gordon, 1978;
Robinson & Solomon, 1974; Natale, 1977), judging duration
(M. Gordon, 1967; Needham & Black, 1970), and order of
sequence (Carmon & Nachshon, 1971). 1In all_bf these tasks,

processing strategies involve comparison or analysis of
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elements within the sequence, a procéss most suited for
left hemisphere mediation.

Other research has shown that the strategies involved
ih processing temporal‘batterns of nonverbal stimuli may
be a function of complexity of task (Halperin, Nachshon &
Cafmon, 1973; Natale, 1977) or of complexity df stimuli
(Papcun, Krashen, Terbeek, Remington & Harshman, 1974).

‘There is less research aVailable investigating pos-—
sible right ﬁemisphere involvement in processing time and
rhythm. Gregory, Harriman and Roberts (1972) found the
right hemisphere to be superior in judging the time of
arrival of pure tones. Gates and Bradshaw (1977a) found
the right hemisphere was able to detect rhythm changes
faster than the left hemisphere when note values were
lengthened. There was no difference between ears for }
notes whose values were shortened. Bogen and Gordon (1974)
found that right hemisphere depression induced by sodium |
amobarbital injection did not impair rhythmic accuracy in
singing a familiar song, but it did slow the rhythms down.
In the first two cases,‘the time of arrival of stimuli
seems td be the critical factor in producing right hem-
isphere involvement. In the last case, right hemisphere
depression left the duration and sequential aspects of
rhythmic production intact, but the overall tempo was
impéired by slpwing down, a possible}indication of right

hemisphere involvement.
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CHAPTER IV
METHOD
The Subjects

The sub jects consisted of 30 nonsﬁudent and college
student volunteers. Nonstudent volunteers were from Kal-
amazoo, Michigan. StUdent volunteers were from Westerm
Michigan University, Kalamazoo, Michigan, and College of
Mount St. Joseph on the Ohio, Cinciﬁnati, Ohio. The sub;
jects' ages ranged from 19 to 26 years old with a mean age
ofv20.8 years. The 26 fémale subjects had a méan age of
20.4 years while the four male subjects had a mean of 23.0
years. All subjects were right-handed, nonmusicians and
héd normal héaring. Thé sub jects ﬁere not enrolled in a 
college school of music, were not members of a music organ-
ization at Western Michigan University or College of Mount
St. Joseph on the Ohio and had less than three years of
private or group choral or instrumental music étudy during
their public school experience. The criteria for the def-
inition of nonmusician are the same as used by Madsen
(1979) . | | |

Musicians were not included ;n this experiment because
it is known that music¥ans perceive musical stimuli, in

many cases, differently than the nonmusician (Bever &
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Chiarello, 1974). It is not clearly known whether the dif-
ference in pérception is a function of training, a differ-
ent processing strategy or other variables as yet uniden- 
tified.

All subjects were right-handed to reduce the probabil-
ity of confouﬁding the résults due to right hehisphere or
mixed hemispheric dominance for speech patterns (Satz,
Achenbach, Pattishall & Fennell, 1965; Wada &_Rasmussen,‘
1960). Mixed speech representatioh may be an indication of
mixed patterns of perception for musical stimuli, espe-
cially time and rhythm which are so closely related to
speech. Handedness of the subjects was assessed by the
Edinburg Invehtory for Handedness (Oldfield, 1971). (See
Appendix A)

Normal hearing within the range needed for this exper-
imént was assessed by a hearing intérview (Seé Appendix B)
and three audiometric tests (See Appendix C). The subjects
were first screened by a pure tone air conduction sweep
check for their ability to detect pure tones of 250, 500,
750, 1000, 2000, 4000 and 8000 Hz delivered monaurally at
a hearing threshold level of 15 dB. After passing this
initial screening, the pure tone air conduction hearing
threshold level of each ear at 750 Hz and 1000 Hz was
determined for all subjects. This hearing threshold level
was defined a$ the lowest intensity>at which a 750 Hz and

1000 Hz pure tome could be perceived 50% of the time it was
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introduced (Carhart & Jerger, 1959). Finally, each subject
received a tone decay test. Pure tones of 750 Hz and 1000
Hz were presented for 60 seconds aﬁ 20 dB hearing threshold
level to the left ear and the right ear. The tone decay
test was usedbto check for damage to the auditory portion

of Nerve VIII.
Apparatus

The sub jects weré tested individually and were seated
at a desk in the experimental room. The experimenter was
seated out of the subject's range of vision. Testing at
Western Michigan University was conducted in a double-
walled sound.isolation room in a sound suite (IAC 1200
series). An isolated, sound attenuated listening room
was used for testing at College of Mount St. Joseph on the
Ohio. The absolute level of ambient noise was 29 dB at .
1000 Hz and 32 dB at 800 Hz. The background noise meas-
urements (See Appendix D) were taken under actual test
conditions with an Ivie Electronics (Model 1E-30A) Audio
Analyzer placed on the desk where'the subject was seated.

Equipment in both testing rooms included a 48K Apple
II Plus computer and monitor, demographic questionnaires
(See Appendix E), audiometric examination fofms, handedﬁess
inventories, and a pen. A Grason-Stadler 1701 audiometer
and headphonés was used for testing>at Western Michigan

University. A Tracor RA115A Rudmose clinical audiometer
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with headphones was used at College of Mount St. Joseph

on the Ohio for testing.
Description of Stimuli

The acoustic signals for the constant and modulated
rhythmic patterns in this experiment were computer gen-
erated. A special computer program was develdpéd for the
experiment. The program was run on a 48K Apple II Plus
with a special circuit board containing oscillators that
output to the two audiométer channels and into.the head-
phones.

Each trial in the experiment consisted of two differ-
ent rhythmic patterns presented dichotically. One pattern
was the experimental item, and the stimuli in this item
consisted of a repeating, pure tone temporal pattern which
increased or decreased in tempo. The other pattern was the
competing‘dichotic input item. The stimuli of the compet-
ing input item consisted of a repeating pure tone whose
temporal pattern remained constant in tempo. Both patterﬁs
in the dichotic pair had the same initial tempo marking.
After five seconds of remaining at a constant tempo, the
experimental pattern modulated in tempo (decreése or
increase) or remained constant. The competing input pat-
tern remained constant at the initial tempo for all trials.

B Computer generated pure tone acoustic sigﬁals were |

chosen for the rhythmic patterns to avoid confounding
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effects of overtones (Papcun, Krashen, Terbeek, Remington
&'Harshman, 1974). Temporal patterns separated from mel-
ody were chosen to avoid the effects of inténsity, timbre
and pitch (Gordon, 19?0, 1978).‘ In a task of temporal
perception such as this, continuously repeating patterns »
represent one way of eliminating effects of memory and
order of report (Carmon & Nachshon,v1971; Warren, Obusek,
Farmer & Warren, 1969). Both patterns in each trial were
synchronized to prevent subjects from detecting modula-
tidns through differencés in onset and offset of the
patterns.

Each pattérn in the dichotic pair was assigned a dif-
ferent frequency (750 Hz or 1000 Hz) to maximize discrim-
ination (Spellacy, 1970). The choice of 1000 Hz was
cdnsistent with previous dichotic research (Halperin,
Nachshon & Carmon, 1973;'Needham & Black, 1970;vPapcun,
Krashen, Terbeek, Remington & Harshman, 1974; Spellacy,
1970). The 750 Hz tone was paired with 1000 Hz to approx-
imate the 707 Hz and 1000 Hz signals used by Papcun, et |
al., for their Morse code study (1974).

The repeating, rhythmic patterns were based upon the
time relationships used in Morse code. Each 1étter of the
Morse code is represented by some combination of dots,
spaces, and/or dashe#. In the‘converted rhythmic form,
each dot was equal to a‘sixteenth note, each space a six-

teenth rest, and each dash a dotted eighth note. The
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durational relationship of dots to dashes (1:3) is the
same as sixteenth notes to dotted eighth notes (1:3).

The Morse code units in the letters "u" and "d" were thei
basis for the two rhytﬁmic patterns used in the exper- |
iment. The letter '"u'" in Morse code is written as

" . . - " and is composed of a dot, space, dot, space an&
dash sequence. The rhythmic pattern derived from the
letter "u" is written as /R?-J\\i‘ PR and is a sixteenth
‘note, sixteenth rest, sixteenth note, sixteenth rest, and
dotted eighth note sequence. The letter "d" is written as
" -, . " in Morse code and és Jﬁ ?1F¥/R in the con-
verted rhythmic pattern.

The sixteenth note rest represénting a space was not
only proportional but served to inhibit iliusory continu-
ity of the sounds. When successive sounds arebheard with-
oﬁt pauses, auditory induction can cause one sound to
appear to continue even though the physical sound has been
discontinued (Warren, 1974b). Nib¥lek, Nabélek and Hirsh
(cited in Warren, 1974b) found that brief silent pauses
between short tonme bursts help reduce the tones' tendenéyv
to run together.

The experimental test item in each trial'was a repeat-
ing, rhythmic pattern. At an initial tempo of 80 mm, the
pattern stayed at a constant tempo for five seconds and
then modulatéd at the rate of one mh (Malzel's metronome_b

marking) per second. A precedent for modulating at this
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rate was set by Kuhn (1974) and Madsen (1979). The amount
of change was 10 mm in éither direction. The rhythmic
patterns at an initial tempo of 160:mm stayed at a con-
stant témpo for five seconds and then modulated at the
rate of two mm per second. The amount of change was 20 mm
in either direction. Thus, the patterns at both initial
témpi lasted 15 seconds: five seconds at a constant tempo
and 10 seconds modulating in tempo.

| Two initial tempi were selected for use in this study
as a conservative answer to the issue of tempo effects.
Kuﬁn (1974) used four initial tempi (60, 90, 120, 150 mm) ,
and Madsen (1979) used nine (40, 60, 80, 100, 120, 140, 160,
180, 200 mm). Although neither Kuhn nor Madsen found sig-
nificant main effects or interactions due to tempo, the
conservative approach of two initial tempi, 80 mm and 160
mm, was chosen since thé present study involved a dichotic
rather than binaural listening task and used only non-
musicians.

The initial tempi, expressed in beats per minute, and
the ranges of modulation (decrease or increase) were as
follows: 80 to 70 or 90 mm and 160 to 140 or 180 mm.

The 16 modulating trials in the experiment were com-
plétely counterbalanced. The "u'" rhythmic pattern was
assigned to channel one of the audiometer and the '"d" pat-
tern was assigned to channel two. The ear of presentation,

direction of modulation, initial tempo, and frequency were
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randomly assigned. Eight modulations were presented in
the left ear and eight in the right ear. The modulations
in eight trials decreased in tempo while eight increased
in.tempo, Eight trials modulated from an initial tempo of
80 mm and eight from 160 mm. The frequency assigned to ear
of modulation was 750 Hz in eight tfials and 1000 Hz in |
eight trials.

The four constant trials used both initial tempi and
both frequencies. The‘drder of presentation for the con-
stant and modulating trials was randomly assigned. ' All
subjects received the 20-trial test in the same order;
however, the headphones were reversed for every other sub-
ject so that half of the subjects received the trials in |
the original ear of presentation order, and half of the
subjects received the trials in a reversed ear of presenta-

tion order.
Procedure

Upon entering the testing room, each subject completed
a demographic Questiqnnaire which included questions about
the subject's musical background and a stétement of consent
to participate in the research project. The handedness
inventory was then completed and scored according to Old-
field's (1971) procedure. The hearing interview was con-
ducted, and finally, normal hearing was ascertained accordf

ing to the three previously described procedures.
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The experimental ‘testing was done with the subject
wéaring headphones and sitting at a table coﬁtaining the
computer and monitor. The audiometer and computer were
interfaced, and the entire experiment was presented through
headphones. |

The acoustic stimuli were presented through headphoﬁes
at 35 dB abo?e hearing threshold level in eaéh ear for each
subject (Rintelmann, 1979). This individualized method
waé chosen rather than a single level of presentation, such
as 62 dB, to insure that the perceived loudness of the
dichotic stimuli was approximétely equal for all sﬁbjects,
This procedure controlled for dichotic effects due to any
slight interaural differences in Sehsitivity (Natale,
1977).

The experimenter verbally gave the directions while
the subject read a printéd copy (See Appendix F). After
the subject received the directions, the rest of the
experiment was subject directed at the prompting of the
computer program. |

The program required the subject to type his/her last
name on the computer keyboard. The name was used to iden-
tify subject files. Prompts were flashed on the monitor
screen at every step of the experiment, giving directions
and indicating the beginning of practice or test trials.
After hearing the two practice examples, the subject was

given the chance to ask the experimenter any questions
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he/she might have before beginning the 20 test trials.
The subject‘depressed any key on the keyboard to begin the
test trials. Once the test trials began the experimenter
did not interact with the subject and sat out of the sub-
ject's range of vision.

The subject's task was to listen to the dichotic
rhythmic patterns until he/she heard the modulation and
then to depress‘either the "slower'" or "faster" key on the
cbmputer keyboard. For.example, trial 10 had an initial
tempo of 80 mm with a frequency of 750 Hz a551gned to the
constant, repeatlng rhythmlc pattern in the left ear and a
frequency of 1000 Hz assigned to the modulating, repeating
rhythmic pattern in the right ear. After five seconds of
constant tempo, the pattern in the right ear gradually
decreased in tempo £rom 80 mm to 70 mm. As soon as the
subject deteéted the modulation, thé sub ject ﬁould depress
the "slower'" computer key. The computer then recorded the
number of elapsed seconds between the beginning of the
trial and the point at which the key was depressed. The
computer also recorded whether the sub ject response was
slower or faster. If the subject did not hear a modula- .
tion, he/she did nothing and simply waited for the trial
to end. The computer would then record the reaction time
as 15 seconds and the subject response as 'constant."

After completing the test trlals, each subJect was

debriefed. The experimenter asked three questions:
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(1) Was it easier to hear changes that got faster,
changes that got slower, or was there no difference?

(2) Was it easier to hear changes when the original speed
‘was. fast, the original speed was slow, or was there no

difference? (3) Describe in your own words the strategy

yoi; used to deal with this task
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CHAPTER V
RESULTS

The ma jor purpose of this study was to investigate the
effect of ear of presentation on perception of modulation
as measured by reaction time and accuracy of fésponse.
Reaction time was assessed by the total number of elapsed
seconds between the beginning of each trial and the pointb
at which the éubject heard the modulation and depressed
either the slower or faster key on the computer. Accuracy
of response for directiqn of modulation (decrease or |
increase) was assessed by recording the total number of
correct computer key depressions (slower or faster) for
stimuli presented to the left and right ear.

Main effects for ear of presentation (left/right),
direction of modulation (decrease/iﬁcrease), level of
tempo (80 mm/160 mm), and frequency (750 Hz/1000 Hz) were
analyzed for their effect upon reaction time and upon |
accuracy of response. In addition, the interaction effects
of ear by modulation, ear by tempo, and ear by frequency
wéfe analyzed for their effect upon reaction time and accu-
racy of response. Although other interaction analyses
were possible, the present study did not hypothesize about

them, and they were not included in the analysis.

67
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Four constant trials were included in the experiment
t§ discourage subjects from randomly guessing modulations.
During these four trials, modulation did not occur in
either direction. Although data were taken on the con-
stant trials, they were not part of the hypotheses and

were not inclﬁded in the analysis.

Reaction Time

Main Effects

Reaction time scores had a possible range of .01 to
14.99 seconds since each trial lasted 15 seconds. Although
each trial rémained at a constant‘tempo for five seconds
VBefore modulation, it was possible for the subject to
depress the slower or faster computer keys before five
séconds had elapsed. If neither computer keys were
depressed before the end of the trial, the response was
recorded as 15 seconds. |

Left and right ear reaction time mean and standard
deviation scores are reported in Table 1. Mean reactionv
times for perception of modulations were 10.98 seconds for
the right ear and 11.05 seconds for the left ear. A muiti—
variate analysis of variance found no significant differ-
ence between left ear and right ear reaction times,

F(1, 58) = .063, p>.05.
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Table 1

ReactiOﬁ Time Means and
Standard Deviations for Ear

Ear
Left Right
Mean : 10.98 - 11.05

Standard Deviation 3.26 3.07

Note. Reaction times reported in seconds

Reaction time mean and standard deviation scores for

perception of decreased and increased modulations are
reported in Table 2. Modulations that decreased in tempo
resulted in a mean‘reaction time score of 11.08 seconds
while modulations that increased in tempo resulted in a
meén of 10.95 seconds. A multivariate analysié of var-
iance found no significant difference between increased
modulation and decreased modulation reaction times,

E(l’ 58) = 0225’ R>005' .
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Table 2

: Reaction Time Means and
Standard Deviations for Modulation

Modulations
Decrease Increase
Mean 11.08 ‘ 10.95

Standard Deviation 3.41 ' 2.91

Note. Reaction times reported in seconds

Reaction time mean and standard deviation scores for
‘rhythmic patterns having initial tempi of 80 mm and 160 ﬁm
are reported in Table 3. The mean reaction time for the
perception of modulation in rhythmic patterns at an initial
tempo of 80 mm was 11.89 seconds. However, rhythmic pat-
terns at an initial tempo of 160 mm.yielded a mean reaction
time of 10.14 seconds, and a multivariate analysis of var-
iance found a sifnificant difference between 80 mm and
160 mm tempi reaction times, F(1, 58) = 36.87, p<c.001.
Reaction times were significantly faster for perception of
modulations in rhythmic patterns having an initial tempo
of 160 mm. Subjects were able to hear modulations more
quickly when the initial tempo was fast than when the ini-

tial tempo was slow.
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Table 3

_ Reaction Time Means -and
Standard Deviations for Tempi

Tempi
80 mm 160 mm
Mean 11.89 10.14
Standard Deviation 3.05 3.04

Note. Reaction times reported in seconds

_ Reaction time mean and standard deviation scores for
rhythmic patterns with frequencies of 750 Hz and 1000 Hz
are reported in Table 4}v Rhythmic patterns pfesented at
750 Hz yielded a mean reaction time of 10.92 seconds for
perception of modulation. Rhythmic’patterns presented at
1000 Hz yielded a mean reaction tiﬁe of 11.11 seconds. A
multivariate anelysisvof variance found no significant
difference between 750 HZ frequency and 1000 Hz frequency .

reaction times, F(1, 58) = .484, p —.05.
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Table 4

Reaction Time Means and
Standard Deviations for Frequencies

Frequencies
750 Hz 1000 Hz
Mean 10.92 11.11

Standard Deviation 3.10 3.24

Note. Reaction times reported in seconds

Interactions

Reaction time meaﬁs and standard deviations for levels
of ear and modulation, ear and tempo, and ear and frequency
are reported in Tables 5, 6 and 7 respectively. A multi-
vériate analysis of variance found no significant inter-
action effect on reaction times between ear and modulation
(F [1, 58] = .590, p>.05), ear and tempo (F [1, 58] = .022,
p>.05), and ear and frequency (F [1, 58] = .604, p=>.05).
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Table 5

‘Reaction Time Means and Standard
Deviations for Ear and Modulation

Modulation
Decrease ' Increase
Mean St; Dev. Mean ~ St. Dev.
Ear
Left 11.23 3.31 - 10.90 3.09
Right 10.94 4.25 10.98 3.00
Note. Reaction times reported in seconds
- Table 6
Reaction Time Means and Standard
Deviations for Ear and Tempo
Tempo
80 mm | 160 mm
Mean ' St. Dev. - Mean St. Dev.
Ear
Left 11.86 2.87 10.19 3.09
Right 11.83 - 3.64 10.13 _ 3.07
Note. Reaction times reported in seconds
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Table 7

Reaction Time Means and Standard
Deviations for Ear and Frequency.

Frequency
750 Hz ‘ 1000 Hz
Mean St. Dev. | Mean ' St. Dev. 
Ear
Left 11.09 2,96 11.06  3.21
Right 10.77 3.18 11,18 3.24

Note. Reaction times reported in seconds
Accuracy of Response

Main Effects

Accuracy of response scores had a possible range of
zero to eight correct reéponses. Because the study was
completely counterbalanced, eight modulations were pre-
sented in the left ear and eight in the right ear. The
modulations in eight trials decreaéed in tempb while eight
increased in tempo. Eight trials modulated from an ini-
tial tempo of 80 mm and eight from 160 mm. A frequency of
750 Hz was assigned to the ear of modulation‘in eight
trials and 1000 Hz to the ear of modulation in eight trials.

| Left ear and right ear accuracy of response mean and

standard deviation scores are reported in Table 8. Mean’
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accuracy of response scores for pefception of modulations
were 3.37 for the right ear and 3.03 for the left ear. A
multivariate analysis of variance found no significant dif-
ference betwéen left eér and right ear accuracy scores,

F(1, 29) = 1.09, p>.05.

Table 8

Accuracy of Response Means and
Standard Deviations for Ear

Ear
Left Right
Mean ' 3.37 3.03
Standard Deviation 1.05 o 1.47

Note. Accuracy scores reported in number cofrect out
of eight possible

Accuracy of responsé mean and standard deviation scores
for perception of decreased and increased modulations are
reported in Table 9. Modulations that decreased in tempo
yielded a meén accuracy of response score of 2.07 while‘
modulations that increased in tempo yielded a mean of 4.33.
A hu1tivariate analysis'of variance found a significant
difference between increased modulation and decreased mod-
ulation accuracy scores, F(1, 29) = 39.26, p<<.001. Accu-

racy of response scores were significantly higher for
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perception of modulations that increased in tempo. Sub-
jects were able to more accurately hear modulations that

got faster than modulations that got slower.

» Table 9

- Accuracy of Response Means and
Standard Deviations for Modulations

Modulation
Decrease Increase
Mean 2.07 4.33
Standard Deviation 1.21 1.49

Note. Accufacy scores reported in number correct out

of eight possible
‘ Accuracy of responSe mean and standard déviation scores
for rhythmic patterns at initial tempi of 80 mm and 160 mm
are reported in Table 10. Rhythmic patterns at an initial
tempo of 80 mm yielded a mean accuracy of response score
of 2.57 for perception of moduiation. However, rhythmic
patterns at an initial tempo of 160 mm yielded a mean of
3.83. A multivariate analysis of variance found a signif-
icént difference between 80 mm tempo and 160 ﬁm tempo
accuracy scores, F(1, 29) = 19.42, p<Z.001. Accuracy of
response scores were significantly higher for perceptionb

of modulatiohs in rhythmic patterns having an initial tempo
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of 160 mm. Subjeéts were able to more accurately hear
modulations from a fast initial tempo than from a slow

initial tempo.

- Table 10

Accuracy of Response Means and
Standard Deviations for Tempi

Tempi
80 mm 160 mm
Mean | , 2.57 3.83
Standard Deviation - 1.23 1.21

Note. Accuracy scores reported in number correct out
of eight possible

Accuracy of response mean and standard deviation séores
for rhythmic patterns with frequencies of 750 Hz and 1000 Hz
are reported in Table 11. Rhythmic patterns at 750 Hz
yielded a mean accuracy of response score of 3.53 for per-
ception of modulation. Rhythmic patterns at 1000 Hz yiélded
a mean of 2.87. A multivariate analysis of variance found
no significant difference betweén 750 Hz and 1000 Hz fre-

quency scores, F(1, 29) = 3.26, p>.05.
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Table 11

Accuracy of Response.Means and
Standard Deviations for Frequencies

Frequencies
750 Hz 1000 Hz
Mean 3.53 } 2.87

Standard Deviation 1.41 1.33

Note. Accuracy scores reported in number correct out
of eight possible '

Interactions

Accuracy of responée means aﬁd standard.deviations for
levels of ear and modulation, ear and tempo, and ear and
frequency are reported in Tables 12, 13 and 14 respectively.
A multivariate analysis of variance found no significant
interaction effect upon accuracyvof response between ear
and modulation (F[1, 29] = 2.33, p=.05), ear and tempo
(F[1, 29] = .155, p=.05), and ear and frequency (F[1, 29]
= 1.41, p>.05). ‘
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Table 12

- Accuracy of Response Means and
Standard Deviations for Ear and Modulation

Modulation
Decrease Increase
Mean St. Dev. Mean St. Dev.
Ear
Left 1.00 77 2.37 .84
Right 1.07 .81 1.97 1.09
Note. Accuracy scores reported in number correct out
' of eight possible
Table 13
~Accuracy of Response Means and
Standard Deviations for Ear and Tempo
Tempo
80 mm_ 160 mm
Mean St. Dev. Mean - St. Dev.
Ear
Left 1.40 .76 1.97° .89
Note.

Accuracy scores reported in number correct out
of eight possible :
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Table 14

Accuracy of Response Means and
Standard Deviations for Ear and Frequency

Frequency
750 Hz 1000 Hz
Mean St. Dev. Mean St. Dev.
Ear
Left 1.93 .81 1.43 .76
Right 1.60 1.05 1.43 .92

Note. Accuracy scores reported in number correct out
' of eight possible

Summary

The difference in mean reactlon time for the two lev—
els of tempo was significant at the .001 level. Subjects
were able to hear modulations more quickly when the initial
tempo was 160 mm than when the initial tempo was 80 mm. |
Reaction times for all other main effects of ear, modula-
tion and frequency were ﬁot significant. Reaction times
for all interactions between ear and modulation, ear and
tempo, and ear and frequency were not significent. ,

| Accuracy of response scores were significantly affected
by the main effects of modulation and tempo. Subjects

were more than twice as accurate in detecting modulations

that got faster than modulations that got slower. Subjects
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were alsb able to more accurately identify the moduia—
tions when the initial tempo was 160 mm than when the ini-
tial tempo was 80 mm. Accuracy of response scores for the
main effects of ear and frequency were not significant.
Accuracy of response scores for all interactions between
eaf and modulétidn, ear and tempo, and ear andvfrequency
were not significant.

The null hypotheses tested were divided into four
main categories: (1) Main éffects for ear of présentation,
direction of modulation, level of tempo, and frequency
upon reaction time were tested in hypotheses omne, two,
three and four. (2) The effects of interactions between
ear and modulation, ear‘énd tempo, and ear and frequency |
upon reaction time were tested in hypotheses five, six and
seven. (3) Main effects for ear of presentatibn, direc-
tion of moduiation, level of tempo, and frequéncy upon
accuracy of response scores were tested in hypotheses
eight, nine, ten and eleven. (4)‘The effects of inter-
actions between ear and modulation, ear and tempo, and ear
and frequency upon accuracy of response scores were tested
in hypotheses twelve, thirteen and fourteen.

Following is a list of each null hypothesis tested
and the results. |

(1) It was hypothesized that there would be no dif-
ference in tdtal reaction time scorés for perceiving -

modulations between the left ear and the right ear. Not
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re jected.

(2) It was hypothesized that there would be no dif-
ference in total reaction time scores for perceiving mod-
ulations between modulations that decrease in tempo and
modulations that increase in tempo. Not re jected.

(3) It was hypothesized that there would be no dif-
férence in total reaction time scores for perceiving mod;
ulations between modulations at an initial tempo of 80 mm
and modulations at an initial tempo of 160 mm. Rejected.

(4) It was hypothesized that there would be no dif-
ference in total reaction time scores for perceiving mod-
ulations befween modulations at a frequency of 750 Hz and
modulations at a frequency of 1000 Hz. Not rejected.

(5) It was hypothesized that there would be no effect
upon reaction time scores due to the interaction between
levels of ear and modulation. Not rejected. ,

(6) It was hypothesized that there would be no effect
upon reaction time scores due to the interaction between
levels of ear and tempo. Not réjected. |

(7) It was hypothesized that there would be no effect
upon reaction time scores due to the interaction between
levels of ear and frequency. Not rejected.

(8) It was hypothesized that there would be no dif-
ference in total accuracy of response scores for perceiving
modulations between the left ear and the right ear. Not

re jected.
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(9) It was hypothesized that there would be no dif-
ference in total accuracy of response scores for perceiving
medulations between modulations thet decrease in tempo and
modulations that increase in tempo. Re jected.

(10) It was hypothesized that there would be no dif-
ference in total accuracy ef response scores for perceiv-
ing modulations between modulations at an initial tempo of
80 mm and modulations at an initial tempo of 160 mm.

Re jected.

. (11) It was hypothesized that there wouid be no dif-
ference in total accuracy of response scores for perceiv-
ing modulations between modulations at a frequency of |
750 Hz and modulations at a frequency of 1000 Hz. Not
re jected.

B (12) It was hypothesized that there would be no
effect upon accuracy of response scores due to the inter-
action between levels ofvear and modulation. Not
re jected.

(13) It ‘was hypothesized that there would be no
effect upon accuracy of response scores due to the inter-
action between levels of ear and tempo. Not re jected.

| (14) It was hypothesized that there wouid be no
effect upon accuracy of response scores due to the inter-
action between levels of ear and frequency. Not

re jected.
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CHAPTER VI
DISCUSSION

~ Based on previous research by Kuhn (1974) aﬁd Madsen
(1979), it had been predicted that, at both initial tempi,
modulations that decreased in tempo would be more accu-
rately perceived than modulations that increased in tempo
regardless of ear of presentation. The data did not sup-
port this prediction. Subjects were able to accurately
perceive twice as many modulations that increased in tempo
as modulations that decreased in tempo. In addition, sub-
jects were significantly more accuréte in perceiving the.
direction of modulation at an initial tempo of 160 mm, and
were faster in doing so as well. ‘

Anecdotal feedback gathered from each subject follow-
ing testing supported the results. The debriefings revealed
a tendency for subjects to perceive themselves as more eas-
ily hearing modulations that increased in tempo than mod-
ulations thatvdecreased in tempo. ‘Eighteen subjects thought
they were able to hear modulations that increased in tempo
more easily; three thought they were able to hear decreaéeé

' mdre easily. Seven'thought they could hear increases and
decreases equally as well while two subjects could not dis-

criminate which type of modu1ation was easier or if both
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were of equal difficulty.

_ The subjects may have been able to respond more
quickly and accurately to modulations at the 160 mm tempo
because there were more fepetitions of the rhythmic pat-
terns at the faster tempo than at the slower.tempo; Mean
reaction time was 10.14 seconds at 160 mm and 11.89 sec-
onds at 80 mm. Sub jects identified 116 modulations cor-
rectly at the fast tempo but only 76 modulations at the
slow tempo. iAlso, because the deéréments and_incrementé
wére two mm per second at the 160 mm tempo aﬁd‘one mm per
second at the 80 mm tempo, the change may have been more
easily discerned at thé_fast than slow tempo. This would
have allowed the subjects to respond more quickly and
accurately to decrease as well as increase modulations at
the fast tempo. There were 79 increasing modulations and
37vdecreasing modulétidns correctly identified at 160 mm
as opposed to 51 increaéing‘and 25 decreasing modulations
correctly identified at 80 mm. Finally, during each
tfial, the rhythmic patferns started in phasé, went out
of phase, came back into phase during modulation, and went
out of phase once again. Coming into phase during modula—
tion occurred more quickly at the 160 mm tempo than at the
80 mm tempo,‘and this may have resulted in faster reaction
times by providing a basis for comparison of the two
rhythms that was not available as quickly at the slower

tempo.
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Results of the study did not yield any significant
interactions between ear and modulation, ear and tempo or:
ear and frequency for either reaction time or accuracy of
reéponse. It had been predicted thét there would be a
right ear advantage fpr accurate perception of modulationms.

It had also been predictéd that there would be a left ear
édﬁantage for reaction ﬁime to modulations thét decreased
in tempo. Finally, it had been predicted that there would
be no differénce in reaction time betwéen ears for modula-
tions that increased in tempo. The last prediction was
supported by the data. However, the lack of interaction
between ear and decrease/increase modulations for accuracy
of response and reaction time indicated an overall lack of
lateralization for the task in the present study.

The issue of task difficulty was examined as a pos-
sible explanation for the lack of lateralization effects.
The mean accﬁracy scores for detecting modulations of 3.37
for the left ear and 3.03 for the right ear out of a pos-
sible eight would indicate that the task was a difficult
one. However, both accuracy scores were above the random
guessing level. Since the subject had three response
choices (decfease, increase and constant) in every trial,
random guessing would have yielded a mean of approximately
2.67 correct out of eight.

Further, random guessing by the subjects as an expla-

nation for the lack of lateralization effects was not
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supported by the results of three of the main effects.
First, subjeéﬁs correctly identifiéd a mean of‘twice as
many modulations that increased (4.03) as modulations that
decreased (2.07). Second, subjects were able to accuratély
detect a meén»of 3.83 modulations at the fasﬁ.tempo as
compared to a mean of 2.57 at the slow tempo. Third, sub-
jects heard modulations significantly faster at the 160 mm
tempo (mean of 10.14 seconds) than at the 80 mm tempo
(mean of 11.89 seconds). The dataiwould not héve yielded
these patterns had the subjects been randomly guessing.

It is also reasbnable to assume that if the subjects
héd been randbmly guessing, some df the mean accuracy |
scores would have fallen well above and some well below

- the 2.67 correct out of‘eight guessing level. Mean accu-
racy scores for the main effects did not show such a pat-
tetn. Medn accuracy scores ranged’from 2.07 for the
decrease modulation condition to 4.33 for the increase
modulation condition. Accuracy standard deviation scores
ranged from‘i.21 for thé decrease mbdulation éondition tb
1.49 for the increase modulation condition.

Finally, if the task were too difficult, the reaction
time scores would have either fluctuated widely due to
random guessing or hovered around the 15 second mark
because of subject inability to hear the modulatioﬁs. The
data did not support either alternative. The mean reaction

time scores for the main effects rénged from 10.14 seconds

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



for the 160 mm tempo condition to 11.89 seconds for the
BObmm tempo condition. The standard deviatiéﬁ scores
ranged from 2.91 seconds for the increase modulation con-
dition to 3.41 seconds for the decrease modulation condi-
tion.

After examining the pattern of results for the main
effects for'réaction time and accuracy scores, it was
concluded that although the task was a difficult one it
was not an impossible ohe. Task difficulty ot random
guessing did not confound possible lateralizétion effects.

It might be theorized that lateralization effects
were confounded by insufficient faﬁiliarity with the stim—
uli and too few practice trials. In the present exper-
iment, subjects listened and responded to two practice
trials before beginning the test trials. In a similar
repeating rhythm, dichOtic listening task, subjects
received 30 trials of binaural presentation of the acous-
tic stimuli to familiarize them with the stimuli (Natale,
.1977); The binaural presentation was followed by 15 prac-
tice trials of dichotic presentation of the stimuli. It
could be argued that subjects in the present experiment
méy have been overwhelméd by the unfamiliar stimuli,
despite the two practice examples, and may have taken sev-
eral trials to formulate a listening strategy to deél with
the task's requirements. The data only partially support

this idea. Fifteen out of a possible 90 responses were
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correct for the first three test trials. It should be
noted, however, that the first two trials were decrease
modulations from an initial tempo of 80 mm, and the third
trial was a decrease from 160 mm. The number of correct
responses per trial for the remaining 17 trials reflected
a varying pattern of accuracy due to experimental condi-
tions rather than a pattern of incfeasing accuracy due te
practice effects. For example, there were 21 correct
responses for trial seveh, an increase modulation/160 mm |
tempo condition. In contrast, there were only 12 correct
responses for trial 19, a decrease modulation/160 mm‘tempo
cendition. Similarly, there were 12 correct responses fer
trial 17 and 12 correct responses for trial eight. Both
trial eight and trial 17 were increase modulation/80 mm
tempo conditions.

It was concluded that insufficient familiarity or too
few practice trials did not confound possible lateraliza-
tion effects. Because cerebral asymmetries are frequently
small, ear aanntage is often measgred by a feﬁ percentage
point difference in accuracy scores or a few milliseconds
in a reaction time scores (Springer & Deutsch, 1981). If
a pattern of increasing accuracy due to practice effects
had been shown, the insufficient familiarity may have been
an important factor in the lack of ear advantage. ‘However,
the evidence did not support such a conclusion. It might

be theorized that increased familiafity and practice trials
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would improve overall accuracy scores, but improved scores
would not automatically lead to léteralization effects.

Another consideration in the lack of expécted lateral-
ization effects might Be the issue of handedness. The
Edinburg Handedness Inventory used in the present exper-
iﬁent may not have been sufficient to insure left hem-
iSphere speech dominance among all subjects. There is
some evidence (Natale, 1977; Shankweiler & Studdert-
Kennedy, 1975 and Satz, Achenbach & Fennell, 1967) that
indicates manual motor tasks predict the magnitude of
speech‘laterality‘more effectively than selffreport meas-—
ures (cited in Natale, 1977). The motor tasks, such as
cutting with scissors or tracing, are done with both haﬁds
and are assessed by time needed to complete the task and
accuracy in performing the task. ‘Fbllowing this theory,_a
combination of a self-report measufe and manual tasks would
have provided stronger evidence of right-handedness and
left hemisphere speech dominance among the subjects in the
present study.

However, a number of time and rhythm studies have
shown significant lateralization effects without having
used manual tasks to assess handedness. Evidence for left
hemisphere iﬁvolvement in accuratély perceiving rhythmic
changes was shown by Gates and Bradshaw (1977a), H. Gordon
(1978) and Robinson and Solomon (1974) as well as Natale

(1977). None of these researchers except Natale used
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mamual tasks in addition to self-report measures. M.
Gordon (1967), Needham and Black (1970) and Carmon and
Nachshon (1971) all showed left hemisphere involvement io
judging duration or determining order of sequence, and
none of those studies used manual tasks. In view of the
nomber of these studies; it would appear that insufficient
measurement of handedness was not an important factor in
the lack of lateralization effects.

Having considered and rejected several alternate the-
ories, the researcher concluded that lateralization effects
may not be present rather than confounded in this exper-
imental task. The two cerebral hemispheres may not differ
invtheir capacities to perceive tempo modulations; they
may be equally efficient at processing the rhythmic infor-
mation in this dichotic task. Both hemispheres may procé
ess the infotmation involved in rhythm patterns getting1
faster or slower equally as well.

Alternately, the two cerebral hemispheres may have
been equally as efficient within their respective special-
ized modes and worked together rather than independently

-to process the information. The present task required the
subject to first recognize that a change, a tempo modula-
tion, had occurred in the overall oattern. Recognition of
change in the whole pattern may be within the right hem-
isphere's holistic mode of processihg. The tesk next

required the subject to analyze what that Ehange was, a
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tempo decrease or increase. This type of decision would

be within the left hemisphere's analytical mode of proc-
essing. The two hemispheres may have processed the complex
stimuli equally as efficiently within their respective
modes in a cooperative effort.

When lateralizatioh effects are not shown in a study,
it is difficult to determine whether they do mot exist for
the task, whéther they simply were not shown in that par-
ticular sample or whether the experiment's design was
faulty. Because the design of the present experiment was
tightly controlled and carried out, the researcher would
recommend that the study be replicated to see if the same
results would be obtained.

If the study were replicated, the researcher would
recommend the addition of binaural trials to familiarize
tﬁe subjects with the stimuli as wéll as the addition of -
several more dichotic practice trials. The additional
trials may improve the overall accuracy of response rate.
As pointed out earlier, an increased accuracy rate would
not automatically lead to laterality effects; hor was that
the purpose of the suggestion.

The field of music therapy can benefit from the con-
tinued researﬁh in cerebral hemispheric processing of
rhythm. Since rhythm is one of the basic elements of
music, undersﬁanding how the brain processes rhythm may 

lead to therapeutic uses of rhythm that take advantage of
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cerebral dominance and lateralization effects. However,
before such therapeutic uses and instructional methods can
be devised much more original research and replication of

existing research must be done. In addition, much more

‘must be known about rhythm's role in music perception as

well as the overall nature of music perception before
effective strategies capitalizing on cerebral dominance

can be created.
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APPENDIX A
EDINBURG HANDEDNESS INVENTORY

NAME ' DATE

Please indicate your preferences in the use of hands
in the following activities by putting + in the appro-
priate column. Where the preference is so strong that you
would never try to use the other hand unless absolutely
forced to, put ++. If in any case you are really indif-
ferent, put + in both columns.

Some of these activities require both hands. In these
cases, the part of the task, or object, for which hand .
preference is wanted is indicated in the brackets.

Please try to answer all questions, and only leave a
blank if you have no experience at all with the object or

task.
Left Right
1. Writing
2. Drawing
3. Throwing '
4. Scissors
5. Toothbrush
6. Knife (without fork)
7. Spoon-
8. Broom (upper hand)
9. Striking a match (match)‘
- 10. Opening a box (1lid)
L. Q. Please leave this Space blank
Subject # - Taken from:

Oldfield, 1971
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APPENDIX B
HEARING INTERVIEW

Subject # Name ' Date
1. Do you consider yourself to be in good general health?
No Yes
2. Do you consider yourself to have normal héaring?
No Yes ”
3. Do you hear better with one ear than the other?
No . Yes
If so, which? Right - Left
4. Do you have a history of ear infections, high fever
or upper respiratory problems? If so, describe.
No , Yes
5. Do you experience hissing, buzzing or ringing (tinni-
tus) in your ears? If so, describe.
No Yes
6. Do you experience dizziness (vertigo) frequently?
No Yes
7. Are you currently on medication? If so, describe.
No Yes___ ‘
8. Are you a heavy smoker? If so, how many packs daily?
No Yes
(How many packs daily? )
9. Do you consume large amounts of caffine daily, such as
tea, coffee or colas? If so, describe.
No Yes
10. Do you work in a very noisy environment requiring hear-

ing protective devices, such as ear plugs or ear muffs?
If so, describe.

No Yes
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APPENDIX C
AUDIOMETRIC TESTS

Subject # ' , Date

Pure Tone Air Conduétion 15 dB Screening Test

1000 Hz 2000 Hz 4000 Hz 8000 Hz 1000 Hz 750 Hz = 500 Hz 250 Hz
RE

LE

Pure Tone Air Conduction Hearing Threshold Level (HTL) Test

RE 750 Hz _HIL LE 750 Hz HTL
RE 1000 Hz HTL LE 1000 Hz . HIL

Olsen-Noffsinger 20 dB Tone Decay Test (Present tone 60 sec. 20 dB HTL)

RE 750 Hz at ' dB
RE 1000 Hz at dB
LE 750 Hz at dB

LE 1000 Hz at dB




APPENDIX C
(cont'd)

Stimuli Presented at: -

‘uoissiwJad 1noyum pauqiyold uononpoidas Jayung “saumo ybuAdoo ayi jo uoissiwiad ypm paonposday

Left Ear 'dB HTL

Right Ear dB HTL

V//’ indicates subject passed item

(6] indicates -subject did not pass item

L6



APPENDIX D

AMBIENT BACKGROUND NOISE LEVELS
COLLEGE OF MOUNT ST. JOSEPH ON THE OHIO

Frequency Band Analysis

-Center : ’ Center
Frequencies Decibels Frequencies Decibels

25 47 800 | ' 32
31.5% A 1000* 29
40 ' 38 1250 | 29
50 o 38 1600 . 29
63* | 38 - 2000% 29
80 38 2500 29
100 35 3150 26

125% | 35 4000% » 26

160 .35 5000 N 26
200 35 6300 26
250% 35 8000* 26
1315 . 32 10,000 26
400 . 32 12,500 26
500% o 32 16,000% 26
630 32 20,000

*Indicates standard octave band center frequencies

Testing room ambient background noise level measure-
ment at College of Mount St. Joseph on the Ohio taken with
an Ivie Electronics (Model 1E-30A) Audio Analyzer by
George Pallage, Sound Techmnology, Inc.
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APPENDIX E
DEMOGRAPHIC QUESTIONNAIRE

Subject # - Date
NAME
AGE | ~ SEX

Please check (/) the correct answer for each question.

1. Are you currently a student at Western Michigan Univer-
sity or College of Mount St. Joseph on the Chio?

Yes . No

2. Do you consider yourself to be rightéhanded?
Yes No

3. Are you a member of a music organization at Western
- Michigan University or College of Mount St. Joseph on
the Ohio?

Yes | No

4. How much formal, private or group, music instruction
have you had in high school and college?

0 through 2 years 3 or more years

CONSENT TO PARTICIPATE

I agree to participate in this research project. I
understand that all information collected in this project
will be treated as confidential. Further, I understand =
that all information collected will be used only for the
express purpose of this research project.

Signed

Date

Witness

929
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APPENDIX F
EXPERIMENT DIRECTIONS

The purpose of‘this'experiment is to explore how we
hear changes in rhythm and how the brain processes those

changes.

There will be two examples and twenty trials in this
experiment.  Each trial will last 15 seconds. The computer
screen will prompt you when trials are about to begin.

In each trial, you will hear two different rhythms
at the same time, one rhythm in your right ear and a dif-
ferent one in the left ear.

For the first five seconds of each trial, both rhythms
will stay at the same speed. After five seconds, one of
three things will happen. '

(1) In some of the trials, one of the rhythms

will gradually get faster.

(2) In some of the trials, one of the rhythms
will gradually get slower. '

(3) In some of the trials, both rhythms will

stay at the same speed for the entire trial.
Neither rhythm will get faster or slower.

Your task will be to listen to the rhythms until you
can hear the change and identify whether the change is
faster or slower. If the change is faster, press the key
marked "F" with your right hand index finger. If the
change is slower, press the key marked '"S" with your right
hand middle finger. Please keep your fingers close to the
keys for the entire experiment. If you make a mistake and
hit a key other than the '"F'" or '"S" keys, the computer
screen will prompt you by telling you how to correct the
mistake. Please, practiée pressing the keys now.
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APPENDIX F
(cont'd)'»

. If neither of the rhythms change (get faster or
- slower), do nothing. Simply wait for the computer screen
‘to prompt you that the next trial is about to begin.

Do you have any questions?
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