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SENSITIZATION AND DESENSITIZATION DURING

ACOUSTIC SIGNAL DETECTION TASKS
CHAPTER 1
INTRODUCTION

For years man has known that the presence of one acoustic signal
can have a variety of effects upon the perception of another acoustic sig-
nal. One such effect is a change in the listener's threshold for, or de-
tection of, one signal in the presence of another. Several qualitative
inyestigations of this phenomenon'were undertaken in the 18th and 19th
centuries. It was not until the 1920's, however, that the subject was
investigated quantitatively (Boring, 1942, 352-392).

Since the 1920's, many investigators have studied the changeé in
the detectability for one signal in the presence of various moderate-level
and high-level acoustic signals.l Generally, these studiés have been con-
cérned with the kind and degree of masking produced by the latter signals.Z2
In a more uncommon approach, other investigators have studied the changes

in the detectability for one signal in the presence of various other low-

l¥or the purposes of this study, moderate-level signals range
from a twenty decibel sensation level (20 dB SL) to 70 dB SL and a high-
level signal is above 70 dB SL in human observers with normal hearing.

2For discussions and lists of references in this area, consult
Ward (1963) and Harris (1967).
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level signals.3 In general, these studies have been concerned with the
dégree of sensitization or desensitization produced in the auditory sys-
tem.by such signals.4

The purpose of tﬁis investigation was to study, historically and
experimentally, the phenomena of sensitization and desensitization in
audition. The general questions asked in the investigation are when, to
what degree, and why do sensitization and desensitization occur? It is
realized that this one study cannot answer all of these questions com-
pletely, but it is hoped that tﬁis investigation will contribute to the

~eventual understanding of the sensitization and desensitization phenomena
in audition.

A review of the sensitization and desensitization literature,
which is discussed in detail in Chapter II, revealed that investigators
have utilized on-geing tomes, brief tone pips, or brief noise pips as
test signals. Many of these investigators have utilized one given
sinusoid as the on-going, low-level, non-test signal. The frequency of
the on-going sinusoid has varied from study to study, and it has varied

within given studies as an experimental parameter. The use of a single

3For the purposes of this study, a low-level signal is subliminal
or below 20 dB SL in normal-hearing observers.

4For the purposes of this study, sensitization is an improvement
in the detectability for a test signal in the presence of a different,
on-going, low-level signal when compared to the detectability for the
test signal presented alone. Conversely, desemnsitization is a worsening
in the detectability for the test signal in the presence of a different,
on-going, low-level signal when compared to the detectability for the
test signal presented alone. Although there are exceptions, in most of
the recent literature, the terms sensitization and desensitization have
been reserved for perstimulatory effects and the terms facilitation and
defacilitation have been reserved for post-stimulatory effects. Because
this study deals with perstimulatory effects throughout, the former two
terms are used.
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sinusoid as the on-going, low-level, non-test signal has the advantage
of simplicity. Thus, interpretations of the resulting auditory process
aie relatively easy when compared to the interpretations of auditory
processes which result from more complicated signals. The review of
the experimental literature in‘Chapter II is limited to investigations
which have utilized on-going, low-level sinusoids as the non-test signal.

Some investigators of sensitization and desensitizatiocn have
utilized other non-test signals. Some have used on-going noises of
varying bandwidth and levels. Others have used brief sinusoids or brief
noises of varying bandwidth set at various levels and presented simul-
taneously with the test signél.5 Such approaches are not considered in
this study because either the non-test signals have been relatively high
in level or too broad in spectrum, leading to complex auditory processing.

Sensitization and desensitization have been studied with the test
signal and the non-test signal presented monotically and/or‘with the two
signals presented dichotically. Such investigations are reviewed in Chap-
ter II of this study. In addition, diotic stimulatioﬁ has been utilized
to study binaural summation.6 The latter studies are outside the scope
of this investigation because sensitization and desensitization, as de;
fingd previously, require the detection of one signal in the presence of
a different, on-going, low-level signal and not in the presence of a simi-

lar, on-going, low-level signal.7

5For discussions and lists of references in this area, consult
Dirks and Norris (1966) and Campbell and Laskey (1967).

bFor references in this area, consult Deatherage (1966).
7For fhe purposes of this study, a similar signal has the same

number of Hz as the test signal or causes beats in the presence of the
test signal. A different signal does not meet such criteria.
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Some authors have developed theories which attempt to explain
the mechanism or mechanisms responsible for sensitization and desensiti-
zation. When monotic stimulation is considered, two general theories
have been advanced: (1) that both sensitization and desensitization
result from the mechanics of basilar membrane movement; (2) that both
phenomena result from neural interaction. The only theory which has been
advanced concerning dichotic stimulation is that of neural interaction.
These theories also are presented and discussed in detail in Chapter II
of this study.

It is well known that psychophysical threshold is quite variable
despiﬁe strict control of the apparatus and procedure. One of the factors
which contributes to this variability, and omne which the classic psycho-
physical methods do not evaluate, is the response bias of the observer. A
procedure based on the Theory of Signal Detectability allows for the eval-
uatibn‘of that factor. In addition, very subtle differences in performance
can be observed with signal detection methods when they cannot be observed
with classic psychophysical procedures (Clarke and Bilger, 1963). For
these reasons, the two main experiments in this study evaluated the ob-
servers' detection of the test signals rather than their psychophysical
thresholds for test signals. The test signals were brief noise pips pre-
sented alone or in the presence of an on-going, low-level, 50-Hz sinusoid
set” at variogs SL's. The experimental procedures, as well as the over-all
design and the hypotheses of the study, are discuséed in Chapter III. The
balanced orders of treatments for the two main experiments are présented

in Appendix A.

The data obtained from the experiments in this study are pre-

sented in Appendix B and in Chapter 1IV. These data have been evaluated
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with descriptive and inferential statistics. Summaries of these evalu-
ations appear in Appendix B and Appendix C. The results of the study
are presented and discussed in Chapter IV. A Summary and ‘the over-all

conclusions of the study, as well as suggestions for further research,

are presented in Chapter V.



CHAPTER II
REVIEW OF THE LITERATURE

Introduction

The most pertinent investigations of the sensitization and desen-
sitization phenomena, as these phenomena are described in Chapter I, are
presented in this chapter. This literature survey follows a chronological
sequénce and is divided into two sections according to the mode of presen-
tation. The behavioral studies in which the test a;d non-test signals
were presented monoticaliy are reviewed first. These studies are then
discussed in view of anatomic and physiologic findings énd/or theories.
The behavioral studies in which the test and non-test signals were pre-
sented dichotically are reviewed second and they are discussed in the same

manner. A summary of the historic findings is presented at the end of the

chapter.

Monotic Presentations

Results of Behavioral Studies
Although most of their research dealt with the effects of on-
goihg, moderate~level and high-level sinusoids upon the thresholds of
other éinusoids, the first researchers who used quantitative methods to
investigate the influence of an on-going, low-level sinusoid upon the
threshold of a different auditory signal were Wegel and Lane (1924).

6
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They presented the on-going, non-test sinusoid at a given SL and set
another on-going test sinusoid at a subliminal level. Threshold for
the test sinusoid was then determined by the experimenters with an as-
cending procedure. This technique was repeated with many frequency
combinations, but only one observer was used.

Wegel and Lane found that an on-going, low-level sinusoid did
not affect the observer's threshold for the test sinusoid unless the two
signals were similar in frequency, but not similar enough to cause beats.
In such cases, the threshold for the test signal increased. This effect
was called masking, the amount of which was expressed in terms of the
degree of the threshold shift. The masking effect that Wegel and Lane
noted for one signél in the presence of an on-going, low-level sinusoid
fits the definition of desensitization as it is used in the present study.

Of the frequency combinations investigated by Wegel and Lane, the
amount of desensitization ranged from the equivalent of 0.0 dB to the
eqﬁivalent of approximately 19.5 dB.l More desensitization was noted for
the test tone in the presence of non-test tones of lower frequency than
in the presencelof non-test tones of higher frequency.

Inspection of Wegel and Lane's uncorrected data suggests that
" both sensitization and desensitization occurred for some test tones. The
authors applied corrections ﬁo all data and no evidence of sensitization
apéears in the corrected figures. They pointed out that in their pro-
cedure a given minimum audible reference value in quiet was an average

taken over a period of several days whereas a given minimum audible test

lThat amount of desensitization occurred for a 3500-Hz tone in
the presence of an on-going, 20-dB SL, 3300-Hz tone.
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value in the presence of any given sinusoid was the average of four ob-
servations taken in succession on the same day. They stated that on the
day of the experimentél run, any given threshold could have been better
Ehan the average value over a period of days; hence, the corrections were
made. No mention was made of the fact that an& given threshold had an
equal chance of being poorer on the day of the experimental run and no
corrections were made for that possibility. It appears that the corrected
values do not demonstrate some slight sensitization which may have taken
place but do demonstrate slightly more desensitization than probably did
take place. As a result, the effec£s of a low-~level sinusoid upon the
thresholds of other sinusoids, as reported by Wegel and Lane, are open to
some question.

Wegel and Lane explained their masking findings in terms of their
intérpretations of cochlear mechanics. They maintained that, because of
the proximity of the individual neural structures, vibration of one would
set the .others close to it into vibration, producing neural impulses in
all of the neural fibers in the area of stimulation. They believed that
if one sinusoid of a given amplitude set a section of the basilar membrane
into vibration, this would override the vibration associated with another
sinusoid of less amplitude which set the same general area of the basilar
membrane into vibration., Thus, according to Wegel and Lane, the second
sinusoid would be masked by‘the first because the motion of the basilar
membrane would not allow the brain to éerceive the two stimuli separately.-

The explanation of masking by Wegel and Lane placed considerable
importance upon the movement of the basilar membrane as a peripheral medi-
ator for that desensitization effect. No mention was made of the sensiti-

zation phenomenon except for a brief discussion of the beats that occurred
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when one threshold~level sinusoid and one slightly subliminal-level
sinuséid of similar frequency were presented together.

K Hughes (1940) reported the results of experiments that he con-
ducted in the.late 1930's. Using himself as the primary observer and one
;ther person as an occasional observer, he measured the thresholds for
teSé tones of varying frequency. He then observed the effects of on-going
sgbliminal tones of varying frequency andaof varying subliminal level upon
these thresholds. Hughes did not specify which test tones were pulsed and
which test tones were continuous but he implied that both kinds of presen-
.fations were utilized. The non-test tones were presented at 2, 3, and 4 dB
below each observer's threshold.

For the primary observer, Hughes found a mean tﬁreshold imprové-
ment across frequencies of 1.31 dB when tﬁe subliminal tone was set at
-2 dB SL, 1.22 dB when set at -3 dB SL, and 1.13 dB when set at -4 dB SL.
hThe threshold improvements for the other observer were similar but.slightly
less than those of the primary observer, the gréatest difference being
0.16 dB. Hughes tested many tonal combinations and differences occurred
with narrow or wide separations in the frequencies of the two tones. He
éoncluded that the intensity required for threshold is less in the pres-
ence of a tone from -2 to -4 dB SL than when presented alone, regardless
of the frequency of the accompanying tone. |

The improvement in threshold that Hughes observed in the pres-
ence of an on-going suBliminal tone fits the definition of semsitization
as it is used in the present study. Hughes believed that the improvement
in threshold was a neural summation effect which was mediated by the cen-

tral nervous system. He did not believe that the improvements in thresh-

old could be a peripheral phenomenon because wide frequency differences

!
i’
r
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existed between the tones during many of the presentations. This implied
that different parts of the basilar membrane were stimulated by the two
toﬁes and that neither stimulation affected the other.

With a procedure similar to that described above, Hughes also
studied the effects of 700-Hz tones upon the two observers' thresholds
for.a.1100-Hz tone when the former signals were presented at 2, 3, and
5 dB SL. No changes in the thresholds were.noted. Hughes concluded that
as the intensity of the low-level, non-test tone is raised to a level
“just above threshold, the improvement effect decreases until, finally,
there is no improvement at all. He made no attempt to explain why neural
summation occurred in the presence of low-level subliminal stimuli but
not in the presence of low-level audible stimuli. None of Hughes' results
provide evidence of deseﬁsitization.

Although Hughes utilized elaborate equipment to control the small
changes in frequency and intensity necessary for his study, the experi-
mental procedure that he used is open to several criticisms. His two ob-
servers were not given equivalent tasks. Thresholds for the test tone
aléne were always determined first while thresholds for the test tome in
the fresence of the non-test tone were always determined last. The psycho-
physical methods used to obtain the thresholds were not specified. At
- times the test tone was pulscl and at other times it was continuous, Eut
the order of the two approaches was not balanced. Some frequency com-
"binations of test tomne and non-test tone were evaluated many times and
others were evaluated only once but the mean of all determinations was
ﬁsed to describe the results. In view of these factors, it is possible
that the smal} dB differences observed were due to procedural arcifacts

rather than sensitization effects.
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Ehmer (1959) utilized a traéking task to study three observers'
thresholds for pulsed tones from 100 to 8600 Hz in the presence of on-
going sinusoids of 250, 500, 1000, 2000, and 4000 Hz. These on-going
tones were presented at sensation levels of 20 dR ¢35 100 dB. Only the
nﬁn-beating'effects of the 20-dB SL sinusoids are considered in this
rgview.

The results showed that various degrees of desensitization
occurred in the presence of each 20-dB SL sinusoid but no sensitiza-
tion effects were noted; The greatest amount of desensitization (7 dB)
occurred in the presence of the on-going, low-frequency, 20-dB SL sinus-
oids. In.addition, the relative number of frequencies desensitized was
greatest in the presence of the low-frequency sinusoids. Ehmer concluded
that the only determinant of the desensitization observed could be the
activity pattern in the cochlea which results from the on-going, low-level,
sinusoidal stimulation. He supported this conclusion with essentially the
same reasoning given by Wegel and Lane (1924).

Deatherage and Henderson (1967) hypothesized that the auditory
system is most sensitive during the late stages of the downward deflection
of the basilar membrane. To test this hypothesis, they examined two human
observers' ability to detect 3150-Hz pulses as a function of the amount
and direction of basilar membrane displacement. Each 3150-Hz pulse had
a duration of approximately one millisecond. The position of the basilar

membrane was controlled by an on~-going, low-level, 50-Hz sinusoid.2 The

2According to Deatherage and Henderson, the condensation associ-
ated with a 50~Hz sinusoid moves the basilar membrane in an inferior di-
rection and the rarefaction associated with a 50-Hz sinusoid moves the
basilar membrane in a superior direction. Although they did not offer
support for this contention, Bekesy (1947) showed that, except for the
most apical portion, the entire basilar membrane vibrates in this manner
for signals of 50 Hz or less.
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tone pips were presented at varying phase angles of the 50-Hz sinusoid.
Consequently, the investigators wére able to stipulate the position of
the basilar membrane during each pip presentation.

Prior to each of three, two-alternative forced-choice experi-
ments, the observers' detectability scores for the pips, without the on-
going 50-Hz.tone, were obtained. The level of the pip presentations was
ad justed until each observer obtained an 85 per cent (%) correct.score
which was considered the reference condition. The three experiments were
then run in the presence of the on-going, low-level, 50-Hz sinusoid with
the level of the pips equal to that of the reference condition. The in-:
vestigators did not state whether or not a control condition was run for
comparison purposes following the experimental conditions. Furthermore,
they did not state the kind of earphone used not did they discuss the
stability of their equipment.

In Experiment One, the 50-Hz sinusoid was adjusted to 20 dB SL.
Detectability for the tone pips was then measured at various phase angles
of that on-going tone and all per cent correct scores were compared with
the scores at the 00 phase angle.3 This revealed that the mean detecta-
bility score for the two observers varied by about +2.2%. The maximum
.scores occurred at phase angles from 90? to 1200, i.e., when the basilar
membrane was in a downward position. The minimum scores occurred at
phase angles from 2700 to 3300, i.e., when the basilar membrane was in
an upwﬁrd position.

The 50-Hz sinuscid was set at 20, -5, and -90 dB SL in Experiment

3The 00 phase angle was assumed to be the point at which no dis-~
placement of the basilar membrane occurred.
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. Two. At each level the tone pips were presented at 0°, 90°, and 270°
relative to (re) the on-going 50-Hz sinusoid. The resulfs for the latter
two éhase-angle treatments were compared with the results for the 0°
treatment. For the -90-dB SL condition, there were no differences in de-
tectability scores among the phase-angle treatments. This indicated that
such an on-going sinusoid had the same effect as no on-going sinusoid.

| During the 20-dB SL condition, there were differences in detecta-
bility scores among the phese-angle treatments. The 90° treatment pro-
duced a mean increment (sensitization) of 5.70% and the 270° treatment
produced a mean decrement (desensitization) of -2.03%.

For the -5-dB SL condition, there were differences in detecta-
bility scores among phase-angle treatments, also. The mean sensitization
effect for the 90° treatment was 6.98%, appfoxiﬁately 1.25% greater than
it was in the 20-dB SL condition. The mean desensitization effect for the
270° treatment was -2.65%, approximately 0.60% greater than it was in the
20-dB SL conditionm.

Experiment Three explored the effects of the -5-dB SL sinusoid
in more detail. The pips were presented at every 45° of the on-going
sinusoid. The greatest sensitization (approximately 6.80%) occurred at
the 90° phase angle. The greatest desensitization (approximately -2.90%)
occurred at the 270° phase angle.

The results of Deatherage and Henderson's study support their
stated hypothesis. In addition, their results indicate that an inaudible
50-Hz sinusoid set at =5 dB SL can lead to sensitization or desensitiza-
tion to the tone pips, depending upon the phase angle of the tone pips
re the on-going sinusoid. The two investigators concluded their study by

stating that a downward movement of the basilar membrane may induce a
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state of hypersensitivity in the ncural clements, thus priming those
neurél'élements for firing during the sﬁbsequent'upward movement of the
basilar membrané. Although they did not speculate upon the cause of the
desensitization, the inference is that an upward movement of the basilar
membrane induces a state of hyposensitivity iﬁ the neural elements, thus
reducing the firing of those neural elements.

Deatherage and Henderson investigated sensitization in a differ-
ent manner than Hughes (1940), but in the fwo'investigations it was demon-
strated that sensitization for one signal can occur in the presence of
another on-going subliminal signal. Whereas Hughes did not demonstrate
the presence of‘sensitization during an on-going supraliminal tone,
Deatherage and Henderson did, although the degree of sensitization was

somewhat less than it was in the presence of the subliminal tome.

Discussion

The authors of the preceding behavioral studies presented two
explanations for sensitization and one explanation for desensitization
of the auditory system to one acoustic signal in the presencé of an on-
going,llow-level sinu§oid in thelsame ear. qu the sensitization effects,
Hughes (1940) proposed the mechanism of neural summation while Deatherage
and Henderson (1967) suggested that basilar membrane movement was respon-
sible for the sensitivity changes. For the desensitization effects, Wegel
and Lane (1924), Ehmer (1959), and Deatherage and Henderson'(1967) pro-
posed‘the mechanism of basilar membrane movement. Although none of these
authors suggested the possibility of neural inhibition of ome threshold

stimulus by another on-going, low-level stimulus as a mechanism for de-

‘sensitization, some neurophysiologic studies on animals suggest that
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nossibility (Whitfield, 1967, 77-79; 124-154). The purpose of this dis-
cuésipn is to evaluate the role of these mechanisms as possible mediators
of aﬁditdry sensitization and desensitization during monotic stimulation.

The role of neural interaction. In a study of cats, Derbyshire

and Davis (1935) examiﬁed cochlear potentials and eighth-nerve-action
potentials for low-level clicks in the presence of low-level, on-going
sinusoids. The cochlear responses showed a simple summation of the elec-
trical waves produced separately by the two stimuli but the action po-
tentials associated with the clicks decreased in size whenever the on-
going sinusoid was added. Similar results were obtained by Galambos and
Davis (1943) who found that an on-going tone which was higher in frequency
than the test ﬁone was the most effective inhibitor. They stated, however,
that on-going tones of lower frequency than the test tones also could pro-
duce inhibition. In addition, with the test signal presented at various

phase angles of the on-going signal, Galambos and Davis found differential

effects in the size of the action potentials but not in the size of the

cochlear potentials. They did not state how much phase change they intro-
auced nor did they stipulate what the magnitude of the observed changes
were.

The fact that both of the above studies demonstrated desensiti-
zation in the eighth nerve but not in the cochlea suggested that some
kind of neural desensitization took place during the presentation of the
two low-level stimuli. These findings have been supported by more recent
research but the actual mechanism responsible for desensitization in the
auditory nerve still is unknown (Whitfield, 1967, 61-62). Although it is
known that electrical stimulation of the crossed and uncrossed olivococh-

lear efferent fibers, as well as electrical stimulation of the reticular
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formation fibers, can lead to desensitization of a given low-level
auditory signal, it is not known if that is what occurs during mon-
otic stimulation (Eéx, 1967; Whitfield, 1967, 77-79).

After reviewing the phyéiologic findings in audition, Davis
(1951) concluded that electrical summation of two signals had never been
observed in afferent-nerve-fiber potentials when it had not been observed
also in cochlear potentials. According to Fex (1967), there is no sub-
stantial evidence that stimulation of efferent auditory fibers leads to
sensitization.

The presence of adrenergic fibers in the auditory s&stem was
substantiated by the anatomic findings of Spoendlin aﬁd Lichtensteiger
(1966). Other anatomic research by Nomura and Schuknecht (1965), Amaro,
Guth and Wanderlinder (1966), and Ishii, Murakami and Balogh (1967), has
indicated that some efferent auditory fibers may be cholinergic in their
electrochemical-transmission characteristics. According to Whitfield
(1967, 136-141) both adrenergic and cholinergic efferent auditory fibers
have been discovered which, upon electrical stimulation, lead.to enhance-
ment of the electrical response to on-going peripheral signals. It is
not known if this effect occurs during monotic acoustic stimulation,
however.

On the basis of the above information, it appears that some form
of neural inhibition can lead to the desensitization of the system to one
low-level signal in the presence of another low-level signal during mon-
otic presentations of those signals. The actual neural mechanism respon-
sible for this is unknown but there is evidence to suggest that stimula-
tion of some efferent auditory fibers can lead to decreased sensitivity

to on-going auditory signals. Whether the on-going, low-level signal can
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stimulate these efferent auditory fibers and decrease the response to
_another low-level auditory signal is unknown.

_There is no direct evidence of neural interaction leading to
auditory sensitization to one iow-level signal in the presence of an-
other low-level signal when the two signals are presented monotically.
However, recent physio;ogic studies suggest that stimulation of some
efferent auditory fibers can lead to sensitization of the system to on=-
going auditory signéls{ -Whether such on-going signals can stimulate
those efferent auditory fibers and enhance the responsérébhanotheflin-‘
coming auditoryisignal is unknown.

The role of the basilar membrane. Discussions by Bekesy (1960,

403-634) relative to his studies of cochlear specimens and cochlear models
over a period of almost 40 years, serve as a background for this discus->
sion. In general, Bekesy's studies revealed the presence of a pressure
wave which moved toward the helicotrema following the fobtplate displace-
ment associated with a moder;te-level or high-level auditory signal. This
pressure wave produced a pressure difference between the vestibular and
tympanic scalae which, in turn, caused a transverse wave in the basilar
membrane. This wave traveled from the base to the apex of the basilar
membrane, the maximum amplitude appearing at a place on the membrane which
résonated best to a particular input frequency. As mentioned previously,
Bekesy's studies showed that for an input signal of 50 Hz or less, almost
the entire basilar membrane vibrated in phase. For higher frequency in-
puts, the basilar membrane vibrated segmentally, some parts moving down-
ward and other parts moving upward.

In his studies with simultaneously presented signals, Bekesy ob-

served a decreased basilar membrane response to a moderate-level pulse in
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the presence of another moderate-level signal when compared to the basilav
membrane response to the pulse alone. lle Belicvcd that some neural libers
which normally trénsmit the impulses associated with the pulse alone be-
come stimulated by the on-going signal when both signals are presénted,
especially if the two signals stimulate the same general area of the basi-
lar membrane. Thus, the total number of neural fibers responding to the
brief stimuli are reduced. This combination of mechanical and neural
effects leads to a desensitization of the system to the pulsed signal.
Bekesy did not state whether he believed that the same effects occur for
low-level signals. Only if one assumes that simultaneous low-level sig-
nals affect the basilar membrane in the same way, ¢an Bekesy's observa-
tions be considered supportive of the desensitization findings of Wegel
and Lane (1924) and Ehmer (1959).

Peake and Kiang (1962) observed that the action potentials from
the eighth cranial nerve of cats had larger amplitudes for moderate-level
condensation clicks than for corresponding rarefaction clicks. They also
observed that the action potential occurred only during upward movement
of the basilar membrane, regardless of whether an initial condensation or
rarefaction was responsible for that movement. Deatherage and Henderson
(1967) found sensitization effects to low-level tone pips when they were
presented during the condensation period of the 50-Hz tone. The latter
authors examined their results in view of the former authors' observations
and interpreted them to mean that the neural elements on the basilar mem-
Brane were sensitized during the downward excursion of the membrane in
such a way that they yielded a greater output on the ensuing upward ex-
cursion of the membrane. In addition, Deatherage and Henderson found de-

sensitization effects to the low-level pips when they were presented
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during the rarefaction period. They inferred that an upward movement of
the basilarbmembrane.indqces a state of hyposensitivity in the neural
elements, thus reducing the firing of those neural elements during a
given rarefaction.

The above observations, findings, hypotheses, and inferences by
Peake and Kiang (1962) and Deatherage and Henderson (1967) suggest that
the movement of the basilar membrane may actuaily lead to sensitization
or desensitization of the auditory system to one low-level signal in the
presence of another low-level signal, dependihg upon the phase relation-

. ey _
ship of those two signals. This suggestion in no way refutes Bekesy's
observations or thecries because the latter investigator required
moderate-level inputs in order to observe, directly, the movements and
actions of the basilar membrane in response to simultaneous sounds.

The exact mechanical alterations of the basilar membrane that
occur during low-level stimulation are only partially understood at this
time. It is very likely that basilar membrane movement is much different
in the presence of moderate-level signals than in the presence of low-
level signals. Thus, the effects of basilar membrane movement upon other
input signals probably depend upon the intensity of the original signal.
Further neurophysiologic and behavioral investigations of sensitization
and desensitization of the auditory system to one low-level signal in the
presence of another low-level signal and further microscopic studies of
cochlear specimens and cochlear models during such stimulation are indi-

cated.
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Dichotic Presentations

Results of Behavioral Studies

Wegel and Lane (1924) were the first researchers who used quan-
titative methods to investigate the influence of an on-going, low-level
sinusoid upon the éhreshold of a different signal when the two sighals
were presented dichotically. Although they found evidence of a central
masking effect# in the presence of an on-going, high-level sinusoid in
the opposite ear, their results show no evidence of this effect in the
presence of an on-going, low-level sinusoid in the opposite ear. Wegel
and Lane did state, however, that central masking ié probably always
present to some degree during all bilateral stimulation.

Using the same general procedure as he did in his monotic in-
vestigations described earlier, Hughes (1938) measured the amount of
threshold improvement for one signal in the presence of a subliminal
sinusoid in the opposite ear. He conducted a series of such experiments
with one observer. Several test tonmes were evaluated in the presence of
various subliminal tones. There were many repetitions of each test tone
and subliminal tone combination. The subliminal sinusoids were presented
from 2.3 dB to 6.0 dB below threshold.

Hughes found that improvements in threshold occurred in the pres-
ence of all subliminal tones presented to the opposite ear, regardless of
the frequenéy and level combinations utilized. The mean improvements in

threshold across all subliminal tone combinations were 2.82 dB when the

4Wegel and Lane described central masking as a slight worsening
in threshold for one ear resulting from a conflict of sensations in the
brain caused by the presence of auditory signals in both ears. WNow it is
regarded as an increase in threshold for an auditory signal in one ear
which cannot be explained by peripheral masking when another signal is
presented to the opposite ear.
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on-going sinusoid was set at -3 dB SL, 2.19 dB when set at -4 dB SL,
1.65 dB ﬁhen set at -5 dB SL, and 1.20 dB when set at -6 dB SL. Hughes
concluded that threshold for one tone always improves in the presence of
a subliminal tone in the opposite ear, regardless of the frequency of the
subliminal tone. He explained this phenomenoﬁ by stating that neural
summation occurred in the central nervous system during such stimulation.

In a later study, Hughes (1940) investigated the effect of an
audible, on-going, low-level tone on the threshold of a different tone
presented to the opposite ear. Once again, experiments were conducted
with one observer and various test tone and on-going tone combinations
were studied. The audible, on-going, low-level tones were presented at
2, 3, 5, 7, 10, and 15 dB SL. Im no case was an appreciable change in
threshold noted. The mean changes across frequency and level combina-
tions were +1.0 dB or less. ‘On the basis of these findings, Hughes con-
cluded that no imprévement in the threshold for one tone occurs in the
presence of a different, on-going, audible, low-level sinusoid in the
opposite ear, regardless of frequencyv. He stated that a different mech-
anism comes into play in the presence of an audible low;level sinusoid
presented contralaterally than in the presence of a subliminal low-level
sinusoid presented contralaterally. He did not speculate upon what. that
" mechanism might be, however.

Hughes' experimental procedures were essentially the same as
those used in his monotic ihvestigations except that only one observer
was used and the two earphones went to separate ears rather than to a
box held against one ear. Some of the criticisms expressed previously
| apply here as well. Thresholds for the test tone alone were always

taken first and thresholds for the test tone in the presence of the
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on-going sinusoid were always takéﬁ‘sccoﬁd. Although the non-test tone
was always on-going, sometimes the test tone was pulsed while at other
times it was continuous. The presentations were not balanced for order.
The psychophysical method or methods used to obtain thresholds were not
specified. In view of.thé small differences noted among the scores for
. the various experimental treatments, there is some question whether these
differences were due to treatment or whether they resulted from the ex-
perimental procedure.

In his study of interaural attenuation, Zwislocki (1953) noted
that the presence of high-level stimuli in the non-test ear led to both
cgﬂ;ral and peripheral masking of a tone in the test ear. His findings
suggested that at such high levels the signal in-tﬁe non-test ear stimu-
lated the cochlea of the test ear by traveling through the head by bone
conduction, causing peripheral masking of the test signal. .In addition,
his findings suggested tﬁat ‘the signals in the two ears led to some kind
of neural interaction which caused additional central masking amounting
to a few dB more than could be accounted for by peripheral masking.
Zwislocki also studied the effect of a low-level tonme in the contra-
lateral ear on threshold. When compared to the quieé condition, the
presence of a continuous 1000-Hz tone at 20 dB SL did not lead to any
change in the threshold of the contralateral ear. These results appear
to agree with those of Wegel and Lane (1924) who found no evidence of
central masking in the pfesence of low-level stimulation in the contra-
lateral ear.

Ingham (1957) studied the monaural thresholds of 48 normal-
héaring observers for a 1000-Hz tomne in quiet‘and in the presence of an

on-going, 10-dB SL, 400-Hz tone in the opposite ear. He found that the

!
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latter condition caused a slight increase in threshold for the test tone.
He attributed this worsening in threshold to central inhibition or cen-
tral control of the sensory end organ.

Aithough several central masking studies have been completed
in the 1960's, most of them have utilized maskers which either were mod-
erate to high in level or were not on-going sinusoids. Zwislocki et al.
(1967) published_the results of central masking studies which had taken
place over several years. Two of those studies investigated thresholds
for tone pulses in the presence of on-going, low-level sinusoids in the
contralateral ear. In one of the studies the authors had one observer
aetermine his own threshold by the mefhod of adjustment. They found ap-

proximately a 0.9-dB elevation in threshold for a 1100-Hz pulsed tome in

. the presence of a 20-dB SL, 1000-Hz, on-going tone in the opposite ear

when compared to the test-tone-alone condition. Thus, it appears that
some degree of desensitization was noted in that experiment.

In the second study by Zwislocki et al. (1967),.two observers
tracked their thresholds for pulsed tones over continuously changing fre-
quencies from 700-1500 Hz with a Bekesy~type attenuator. A 1000-Hz on-
going tone was presented to the opposite ear at 10 dB SL and at 20 dB SL.
In the presence of the 10-dB SL tone, the two observers experienced
changes in threshold of -0.2 dB to 1-1 dB for frequencies from 700-900 Hz
and 1100-1500 Hz.? In the presence of the 20-dB SL tone, the two ob-

servers experienced changes in threshold of 0.1 dB to 2.2 dB for the same

5The results for frequencies within +100 Hz of the on-going tone
were reported by Zwislocki et al. but are not presented here because bin-
aural beats probably were responsible for some of the results obtained.
The present study does not consider binaural beats.
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frequencies, Thus, it appears that a slight degree of desensitization
was noted in that experiment. Zwislocki et al. concluded that central
masking is highly frequency selective, the threshold shift being maximal
at or near the freéuency of the masker and decaying rapidly at lower énd
higher.frequencies. Throughout their article, Zwislocki et al. implied
that central masking is caused by simultaneous stimuli from each ear

leading to neural effects in the central nervous system.

Discussion

The authors of the behavioral studies reviewed above suggesteq
that neural interaction is responsible for sensitization and desensiti-
zation of the auditory system to one signal in the presence of an on-
going, low-level, contralateral sinusoid. They implied that observer
homogeneity, instructions to the observers, signal presentations, and the
ability.and motivation of the observers to perform the task were con-
trolled. The suggestion of neural interaction assumes the existence of
neuroanatomical connections between the two auditory systems, either
directly or by way of common neural networks in the central nervous sys-
tem. In addition, such a suggestion assumes that stimulation of one
auditory system has a neurophysiologic effect upon the other auditory
sysfem. The purpose of this discussion is to evaluate these assumptions
in view of neuroanatomic and neurophysiologic findings and/or theories.

Neuroanatomic factors. 1In his review of binaural interaction,

Deatherage (1966) stated that there is ample evidence to support the
existence of neural conmections between the two ears by way of the cen-
tral nervous system. These connections have been demonstrated at all

levels of the auditory system from the accessory cochlear nucleus to the
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éprtex. The connections include the efferent pathway from the cortex to
the contralateral cochlea as reported by Rasmussen (1967), the reticular
formation pathways and their connections with the auditory pathways as
discussed by Hernandez-Peon (1961) and Goldstein (1967), the feedback sys-
tem of one cochlea with the contralateral auditory pathway as reported by
Fex (1967), and the high level brain stem and cortical connections as dis-
cussed by Galambos (1954) and Gacek (1967). It is not the purpose of the
present investigation to trace each neuroanatomic connection. 1In view of
the evidence, it appears that any or all of these neural conmections could

allow for interactions between the two ears.

Neurophysiologic factors. For some time it has been known that
action potentials in response to a signal in one ear can be enhanced or
decreased by the presence of another signal in the opposite ear (Ryan,
1940). According to Deatherage (1966), neurophysiologic research by manyv
investigators has shown that interaction between the ears can be both
excitatory and inhibitory in nature. It has not been possible to specify
the conditions which produce these opposite effects (Ingham, 1957; Deathe~
rage, 1966). The nature of the electrochemical activity in the fibers
associated with dichotic stimulation is equally undetermined (Fex, 1967).
For these reasons, there are no further discussions of the electrochem-
ical and neurophysiologic findings beyond those already presented in the
section of this chapter dealing with monotic stimulation.

As noted earlier, some authors have suggested that phase changes
between two low-level signals presented monotically may lead to neural
effects which cause sensitization or desensitization. The same may hold

true for dichotic presentations of the two signals but this has not been

reported in the literature. Research is needed in this area.
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Summafz

In'this chapter, the most pertinent behavioral investigations of
sensitization and desensitization of the auditory system to one signal in
the presence of an on-going, low-level sinusoid were reviewed. In addi-
tioq, the results of these investigations were discussed in view of impor-
tant anatomic and physiologic findings and/or theories. The literature
suggests that both sensitization and desensitization to one signal can
occur in the presence of another on-going, low-level signal. Furthermore,
the literature suggests that both effects can occur when the test and non-
teét signals are presented'monoticaily or dichotically.

For monotic presentations, it appears that sensitization to the
test signal is more apt to occur when the ndn-test signal is presented at
a slightly subliminal level than when it is presented at a slightly supra-
liminal level, although some degree of semsitization has been found in
the latter case. The literature suggests that the greater fhe level of
the supraliminal non-test tone, the greater the likelihood of desensiti-
zation to the test tone. It appears that greater sensitization and great-
er desensitization occur when the non-test signal is low in frequency
than when it is moderate or high in frequency. Recent research indicates
that the phase relationship of the two signals may be a very important
determinant of whether sensitization or desensitization to the tést tone
occurs. It appears that if a brief test signal is presented at or near
a 90° phase angle of an on-going, low-level, low-frequency, non-test tone,
sensitization to the test signal occurs. However, if a brief test signal
is presented at or near a 270° phase angle of the non-test tone, desensi-

tization occurs.
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It is possible that both sensitization and desensitization occur
as a result of neural interaction during monotic presentations of the two
signals. However, there is little direct neurophysiologic support for
this contention. It is also possible that both phenomena occur as a re-
sult of basilar membrane movement during monotic presentations. The
mechanical alterations of the basilar membrane during low-level stimula-
tion are not fully understood but there is some observational and neuro-

'physiologic support for this contention.

 For dichoticvpresentatipns, it appears that sensitization to the
test signal only occurs when the non-test signal is presented at a sub-
liminal level. Whenever the non-test signal has been presented at thresh-
old 6r supraliminally, either there has been no effect upon threshold for
the test tome in the opposite eaf or there has been some degree of desen-
sitization to that test tone. It appears that greater sensitization and
desensitization occur when the non-test signal is low in frequency than
when it is moderate or high in frequency. It is not known whether the
phase relationship of the test signal to the non-~test signal has a seri-
sitization and/or a desensitization effect during dichotic stimulation.
The lack of sensitization and desensitization data during dichotic signal
detection tasks has led to the present experimental investigation, the
design of which is discussed in Chapter III.

Researchers agree that sensitization or desensitization effects'
result from neural interaction of the impulses from the two signals when
they are presented dichotically. There is ample evidence to support the
existence of neural connections between the two ears by way of the central

nervous system. Neurophysiologic research by many investigators has shown
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that interaction between the two ears can be both excitatory and inhib-
itory in nature. It has not been possible to specify the conditions

which produce these opposite effects.



CHAPTER III

DESIGN OF THE INVESTIGATION

Introduction

The 1itera£ure reviewed in Chapter II indicates that detecta-
bility for brief acoustic pips is influenced by the phase relationship
of the pips to an on~going, low-level, low-frequency sinusoid presented
to the same ear. After investigating many phase relationships for such
presentations, Deatherage and Henderson (1967) found that a 90° phase
relationship brought about the greatest sensitization of the auditory
system to the pips while a 270° phase relationship brought about the
greatest desensitization. It has been shown that detectability for one
signal presented alone is either enhanced or decreased when that signal
and a different, on-going, low-level sinusoid are presented dichotically
(Wegel and Lane, 1924; Hughes, 1938; Ingham, 1957; Zwislocki et al.,
1967). It is not known whether the phase relationship between the test
and non-test signals contributes to sensitization or desensitizgtion
during such dichotic presentationms.

The purpose of this study was to investigate whether the phase
relationship between two low-level signals contributes to sensitization
and/or desensitization of the auditory system to one of those signals

during dichotic stimulation. The effects of an on-going, low-level 50-Hz

29
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‘sinusoid upon detectability for brief acoustic pips presented at 90° and
270° phase angles of the 50-Hz tone were studie&f Because sensitization
and desensitization were observed by'otﬁer researchers whe# such signais
were presented monotically, an investigation of the amount of sensitiza-
tion and desensitization associated with the monotic and“dicﬁbgig modes
of presentation was included in the design of this stﬁdy. Res;aréh re-
viewed in Chapter II indicated that the amount of sensitizafion 6r desen-
sitization to the test signal was influe;ced by the level of the non-test
signal. Tﬁus;'tWOjintensity levels of the non-test signal were studied.

Interaurai attenuation (IA) must be considered in research uti-
lizing dichotic stimuli. Because no IA information was available for fre-~
quencies below 125 Hz, a study of IA at 50 Hz was considered necessary
before the major study could be initiated. This stgdy is referred to as
Preliminary Study One. The fact that Deathe:age and Henderson (1967)
found that a -5-dB SL, on-going, 50-Hz tone could‘afféct;detecf;bility for
brief acoustic pips during monotic stimulation suggests that such an on-
goihg sinusoid presented at S dB below IA could influence the hearing for
another signal presented to the opposite egr. It was not known how sub--
liminal a 50-Hz tone must be before it no longer affects the detectability
for pips when the signals are presented monotically. Determination of
‘the extent of the Subliminal Sensitization Effect (SSE) was considefed
necessary before the major study could proceed. This study is referred
to as Preliminary Study Two. |

The designs for Prelim;nary Studies One and Two and the Major
Study are presented in the remainder of this chapter. A description of
the observers, the apparatus, and the procedures as well as the experi-

mental hypotheseé, are presented for each study.
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Preliminary Study One: IA at 50 Hz

Observers
Five male patients who were seen at the Audiology and Speech
Pathology Clinic of the Veterans Administration Hospital in Oklahoma City,
Oklahoma, served as the observers in this study. These patients ranged
from 27 to 55 years of age, the median age being 45 years. Each demon-
strated a total loss of hearing in one ear and essentially normal hearing
sensitivity for the low frequencies in the opposite ear.l All five pa-
tients had received clinical audiometric evaluations and no evidence of

nonorganicity had been demonstrated at any time.

Room Apparatus

The experiment was conducted in an IAC model 400 sound treated
room at the clinic mentioned above. The room contained two matched 10-ohm
‘Telephonics TDH-39 earphones set in MX-41/AR cushions which were fed from
the experimental apparatus located outside the sound treated room., Since
the only frequency under test in this study was 50 Hz, the ambient noise
levels at the octave bands centered at 31.5 and 63 Hz were evaluaééd under
the ambient noise conditions of the experiment. A General Radio type
1551-C sound level meter coupled with a General Radio type 1558-C octave-
band analyzer yielded levels of 46 and 44 dB SPL, respectively.

Threshold studies of 50-Hz tones under earphones in normal-

" hearing observers by Wegel, Riesz, and Blackman (1932), Bekesy in 1936,

(Bekesy, 1960, 260), Carter and Kryter (1962), Yeowart, Bryan and Tempest

1Normal hearing sensitivity for low frequencies is defined as
being within 25 dB ISO at octave intervals of 125 to 1000 Hz as tested
clinically with a calibrated Beltone model 15-C audiometer in an Indus-
trial Acousties Company (IAC) model 404-A sound treated room.
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(1967), and Deatherage and Henderson (1967) show considerable disagree-
ment, the normal-hearing values ranging from 53 to 84 dB SPL.2 In the
sound treated room used in the present stﬁdy, the sum of the obtained
ambient noise levels in the two octave bands surrounding 50 Hz was ap-
proximately 48.2 dB SPL. This is less than the minimum norm reported.
The amount of attenuation provided by the experimental earphone and
cushion at 50 Hz is not known. Even if it is assumed that no attenua-
tion o;curs at 50 Hz, it appears unlikely that such ambient noise levels

interfered with the conduct of this study.

Experimental Apparatus
A SO-Hé signal was generated by a Hewlett-Packard model 200-ABR
audié oscillator and was passed to a Grason-Stadler model 829-C electronic
switch which was set for a repetition rate of one per second (sec) with a
10-millisecond (msec) rise-decay time and a 50% duty cycle. The signal
was then passed to the external input of a Grasén-Stadler model 162 speech
audiometer used as an impedance matching device and an attenuator control
for the 50-Hz signal. The signal then was fed through the wall to the
earphones. The maximum output for the 50-Hz sinusoid at the earphones

was 130 dB SPL as measured on an Allison model 300 artificial ear.

Procedure
Each observer was instructed to raise his finger as soon as he
was just .able to detect the presence of the 50-Hz sinusoid. That tone
was presented to the better ear at approximately 100 dB SPL for acquaint-

ing purposes. A window in the sound treated room allowed the investigator

2These differences appear to be related to the various methods of
calibration that were utilized. ‘
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to observe the finger movement. The better ear was test first. Utilizing
the potentiometer on the speech éﬁdiometer, a 2-dB.step ascending method
of limits procedure was used to establish ;hreshold for the pulsed 50-Hz
tone. Threshold was defined as that level which led to two responses out
of four presentations. The same procedure was repeated with the signal

presented to the poorer ear.

Hypothesis
Zwislocki (1953) and Olsen, Jabaley, and Papﬁas (1967) showed
that when both ears were covered with standérd earphones set in standard
cushions, the IA was greatest at the high frequencies (means of 60 to 70 dB
at 4000 and/or 8000 Hz) and least at the low frequencies (means of 40 to
50 dB at 125 and/or 250 Hz). It appears that IA decreases as frequency is

lowered. It was hypothesized that IA at 50 Hz would be greater than 30 dB.

Preliminary Study Two: Extent of the SSE

Observers
Eight male graduate students in audiology at the Oklahoma Univer-
sity Medical Center in Oklahoma City, Oklahoma, served as observers for
this study. Their ages ranged from 25 to 46 years, the median age Being
30 years. Each observer had normal hearing sensitivity at the standard
frequencies.in tﬁe test ear.3 In tests with the apparatus to be described

below, each observer had normal hearing sensitivity in the test ear at

50 Hz.4 All of the observers had negative histories of hearing problems

3Normal hearing sensitivity at the standard frequencies is de-
fined as being within 25 dB ISO at octave intervals of 125 to 8000 Hz as
tested clinically with a calibrated Beltone model 15-C audiometer in an
IAC model 404~-A sound treated room.

4Normal hearing sensitivity at 50 Hz is defined as being no
greater than 84 dB SPL as revealed by the studies cited earlier.
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in the test ear and all were experienced listeners in auditory-threshold

investigations.

Room Apparatus

This experiment was conducted in the same sound treated room,
with the same earphones, cushions, and ambient noise conditions described
in Preliminary Study One. In addition to a 50-Hz signal, however, brief
acoustic pips were.utilized. Each pip was produced by ringing the ear-
phone once every four seconds with a 0.l-msec square-wave pulse of posi-~
tive polarity.

There was some question whether or not the ambient noise in the
test room would interfere with the detectability of the pips. Within the
range of 50 to 8000 Hz, the frequency spectrum of the pips was studied
with a General Radio type 1900-A wave analyzer in conjunction with the
General Radio type 1521-A graphic-level recorder. This revealed that the
pips had a broad frequency spectrum with a peak amplitude in a band be-
tween 3200 and 3700 Hz. In addition, the earphone with its pip signal
output was coupled to the Allison model 300 artificial ear, the output of
which was monitored on a Tektronix model 561-~A oscilloscope. The maximum
peaks of the waveforms which the pips produced on the face of the oscil-
loscope were similar to those produced by 3400-Hz sinusoids. It is inter-
esting to note that, based upon the data of Zwicker, Flottorp, and Stevens
(1957), the 3200- to 3700-Hz band corresponds closely to the critical bana
around a 3400-Hz signal. These facts, together with the fact that the
3200- to 3700-Hz band is within the region of greatest hearing sensitiv-
ity, suggest that it was the 3200- to 3700-Hz portion of the pip signal

that was heard in the detectability task to be described.
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Thé ambient noise at the octave band centered at 4000 Hz and
whicﬁ extends from 2828 to 5656 Hz, was evaluated under the ambient
noise conditions of this experiment with the same noise analysis equip-
ment described in Preliminary Study One. The analysis revealed a level
of 16 dB SPL in that octave band. The attenuation offered by a standard
earphone set in MX-41/AR cushions‘at that octave band is approximately
33 dB,s.leaving the noise level at the ear in that octave band at approx-
imately -17 dB SPL. Normal hearing sensitivity for the critical band
surrounding a 3400 Hz tone is épproximately 7.3 dB SPL.6 Thus, it appears
thgt the ambient noise level in the octave band surrounding the 3200- to
3700-Hz band did not interfére with the detectability of the acoustic pips

in question.

Experimental Apparatus
Figure 1 is a block diagram representing the instrumentation used
in Preliminary Study Two.  The discussion of the experimental apparatus is
divided into four sections: (1) Signal aparatus; (2) Timing apparatus;
(3) Control apparatus; (4) Data collection and reinforcement apparatus.

Signal apparatus. A 50-Hz signal was generated by a model 200-

ABR, Hewlett-Packard audio oscillator and was passed to a custom-made
‘ splitter. One portion of the split signal was used as the on-going 50-Hz
sinusoid. That portion of the signal went from the splitter, through a

Hewlett-Packard model 350-C attenuator to one half of a double-pole

S5This level was abstracted from a graph presented by Zwislocki
(1957).

6This level was interpolated from data presented by Cox and
Bilger (1960) and Davis and Kranz (1964) in view of the critical band
information of Zwicker, Flottorp, and Stevens (1957).
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double-throw switch which controlled whether the 50-Hz signal and the pip
signal were presented monotically or dichotically. The monotic position
of this switch directed the signal to a UTC LS-32 mixing-matching trans-
former where the pip was added to the on-going sinusoid. This combined
signal was then directed to a 10-ohm, TDH-39 earphone on the test ear.
In the dichotic position, this switch passed the on-going sinusoid di-
rectly through an identically loaded mixing-matching transformer to a
matched earphone on the contralateral ear. Only the monotic switch posi-
tion was used in Preliminary Study Two.

The other portion of the split 50-Hz signal was used to trigger
the brief acoustic pip. The 50-Hz signal went from the splitter to a
"Grason-Stadler model 829-C electronic switch which was turned on.and off
following a time delay initiated by the observer's response.’/ The output
of the electronic switch was delivered to a Transistor Specialties Incor-
porated (Tél) model 361 universal counter which was set in the "Period A"
mode. The trigger level and the trigger slope adjustments were set to
trigger the counter at a consistent voltage level of the input stimulus.

A Tektronix model 561-A oscilloscope, in parallel with the count-
er and triggered by it, allowed the output of the electronic switch to be
monitored while the appropriate trigger level of the counter was set. 1In
addition to triggering the oscilloscope, the pulse output of the counter
'triggered a Tektronix type 162 waveform generator adjusted to produce a
20-msec sawtooth wave. That wave then passed to the experimenter's switch
which controlled whether or not a pip was added to the on=-going sinusoid.

The experimenter turned that switch to the YES position or the NO position

7This is discussed more fully in the Timing apparatus section
which follows.
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according to one of many quasi-random lists of presentations which pre-
luded that thé two switch positions had an equal likelihood of occurrence.
In the NO position the wave did hot pass. In the YES position the wave
passed and triggered a Tektronix type 161 pulse generator. .The 0.1 msec
positive square wave pulse produced by that pulse generator was adjusted
to coincide with either a 90° or a 270° phase angle of the on-going 50-Hz
sinusoid.® The pulse was delivered through a custom-made impedance match-
ing pad to a Hewlett-Packard model 350-C attenuator. The pulse went from
the attenuator to the opposite half of the previously describedAdouble-
pole, double~throw, monotic-dichotic switch.

Timing apparatus. The first pip presentation was initiated by

the experimenter who pushed the one-cycle button on a Tektronix type 162
waveform generator which was adjusted to produce a 4.0-sec sawtooth wave.
The output of that generator triggered three Tektronix type 161 pulse
generators, each of which closed an electromechanical relay for 0.1 sec.
The first relay closed 3.0 sec after the initiation of the sequence and
during the closed period, it lit a WARNING lamp. The second relay closed
3.5 sec after the initiation of the sequence. During its closed period
it 1it a LISTEN lamp and, in addition, it turned the electronic switch on '’
and then off, After 4.0 sec the third relay closed and during its closed
period it 1lit the RESPOND lamp. The WARNING, LISTEN and RESPOND lamps
were located in the observer's response box. The observer responded by
pushing his response switch to YES if he thought he heard the pip or to
NO if he did not. Either response by the observer triggered_the waveform

generator associated with the signal épparatus and the above timing

8This phase adjustment is discussed more fully in the Control
apparatus section which follows.
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sequence was re-cycled automatically.

Control apparatus. Before each run the frequency of the on-going

sinusoid was adjusted to 50 Hz by setting the oscillator while observing
the period of the sinusoid through the use of the counter. The period of
that sinusoid was monitored with the counter during and following each
run. It varied by less than +1.2 msec of 20 msec throughout the study.
Befo?e and after each session, the intensity of the 50-Hz on-going sinus-
oid was determined at the 0 dB attenuator setting with the artificial ear
and was found to vary by no more than +1.4 dB during any session.

Prior to each session, the intensity of the pip produced by riné-

ing the earphone with the 0.l-msec positive square-wave pulse was adjusted
to eéual that produced in the same earphone by an on-going 1000-Hz tone at;
106 dB SPL. Following each session, the intensity of the pip was studied
and was found to differ by no more than +7.5% of its initial voltage.
That much of a voltage chaﬁge corresponds to less than a 10.7-dB variation
in the intensity of the pip. .The pip intensity studies were conducted by
placing the earphone with its pip output on the artificial ear and observ-
ing the output of the artificial ear on the oscilloscope.

In order to set the phase relationship of the acoustic pip with
respect to the on-going 50-Hz sinusoid at the beginning of each session,
both signals were mixed and led to the earphone which was placed on the
artificial ear. The output of the artificial ear was displayed on the
oscilloscope. The time delay on the pulse generator which produced the
signal was adjusted so the pip produced in the éarphone would appear at
the desired phase angle of the on-going 50-Hz sinusoid. The two signals
were observed in the same manner at the end of each session to ensure

that the phase relationship had not shifted appreciably. During each run,
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the phase relationship of the two signals was monitored on the oscillo-
scope from the output of the mixing-matching transformer. Throughout
all of the runs, a given phase relationship did not vary by more than
approximately +9°. |

Data collection and reinforcement apparatus. The experimenter

was seated in front of a panel containing three electromechanical counters
and a YES-NO switch that controlled whether or not a pip was presented.
During each response interval the observer reported whether or not he
believed that a pip was present by throwing a YES-NO switch on his re~
sponse box. If the pip was presented and was identified correctly, a cir-
cuit from the observer's switch through the signal and timing apparatus

to the counted labeled HIT was completed and the response was recorded.

If the pip was absent and was falsely identified, a similar circuit to

the FALSE ALARM counter was completed and that response was recorded.
Every time the observer responded, whether correctly or incorrectly, a
circuit was completed and his response was recorded on the countér labeled
TOTAL.

Whenever the observer's judgment was correct a circuit was com-
pleted from the switqh in the response box, through the signal and timing
apparatus, and back to a green light in the response box. A similar cir-
cuit was completed from the switch in the response box back to a red light
in the response box whenever the observer's judgment was incorrect. In

either event, the light remained on for as long as his switch was thrown.

Procedure
Psychophysical threshold for the pip was taken in the test ear

and psychophysical thresholds for the 50-Hz tone were taken in each ear
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separately at the beginning of the session and after a break period mid-
way through the session. A 1.0-dB step ascending method of limits, with
two responses out of four presentations defining threshold, was used to
find the psychophysical thresholds for both signals. The signal appa-
ratus, as described above, was utilized for the threshold determinationms
of each signal. One pip per sec was presented during the ascending pip-
threshold determinations. The tone was on continuously during the as-
cending 50-Hz threshold determinations. These psychophysical studies of
threshold were necessary in order to determine the starting levels of
both signals for the yes-no signal detection task described below.

The eight observers were trained for the yes-no signal-detection
procedure in the pips-alone (no 50-Hz tome) condition. In these trdining
sessions, as well as in the actual experimental session, each observer
was seated comfortably in the sound treated room and the following in-
structions were given:

You are going to listen for a series of very faint acoustic
pips. When the WARNING light comes on, get ready. Than, as the
LISTEN light comes on, listen for a pip. When the RESPOND light
comes on, push the switch to YES if you think that you heard it
or to NO if you do not think that you heard it. The sequence
will continue over and over again. The pip will be there only
half of the time and in random fashion. Do not guess wildly.

If you are completely unsure whether or not it was there, push

the switch to NO. Do as well as you can.
The earphones were then placed on the observer in such a way that a tight
seal was ensured. The response box was handed to the observer, the door
to the sound treated room was closed and the one cycle button on the wave-
form generator was pressed to begin the sequence.

Each observer was presented a series of practice runs of 100

trials each. Initially, the pips were presented at one or two dB above

psychophysical threshold but, as the observer became more sophisticated,
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the level was reduced from one to five dB until he obtained a score of
between 75 and 85% correct. It was assumed that such a score would allow
for comparisons of higher or lower scores across treatment conditions
because such a score is between chamce and perfection. The period of
training continued until the following response criteria were met: (1) the
total score for one run was within +5% of the score on the preceding run;
(2) no more than ten false alarms occurred in any rum.

Each observer participated in Preliminary Study Two on a day
subsequent to training. One or two practice runs, two reference runs,
two control runs and four experimental runs were conducted. Each run
contained 120 trials, the first twenty for‘practice and the remaining for
actual data collection. Of the 100 data collection trials, 50 contained
the pip signal and 50 did not contain the pip signal according to one of
"several quasi-fandom presentation schedules.

The results of the runs were recorded in accordance with the con-
structs of signal-detection design. When each run was completed, the num-
ber of hits and the number of false alarmslwere copied from the electro-
mechanical counters. Later, the number of misses -and the number of cor-
rect rejections were computed. The correct-response percenﬁage for each
run was determingd by adding the hit and correct rejection numbers.

There was a three to five minute break period between ruﬁs with
at least a twenty minute break period midway through the procedure. It
was during the latter break period that the earphones were removed for
the first time in the session. Thresholds for the pips and the 50-Hz tone
were re-established following the break period and the earphones remained

in place until the session terminated.
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The practice, reference, and control runs involved the presen-
tation of the acoustic pips with no on-going 50-Hz tone. In the four
experimental runs, the acoustic pips were always presented at a 90° phase
angle ﬁith respect to the 50-Hz tone, but the level of the on-going tone
was varied. Experimental Condition One'p;esented the 50-Hz tone at -10 dB
SL. Exgerimen;al ConditionéiTwo;ﬁTﬁree, and Four presented that tome at
' ;20;'430,'and -40 dB SL, respectively. The four experimental conditions
were. presented in four balanced orders. Two observers received each

order, one listening with the right ear and one with the left ear. The

presentation orders are illustrated in Appendix A.

Hypotheses

Deatherage and Henderson (1967) found a SSE for pips presented
at a 90° phase angle re an on-going, -5-dB SL, 50-Hz tone. It was not
known whether this effect would be observed with the 50-Hz tone presented
at lower levels. A general pilot study was undertaken with two obggrvers
while the experimental apparatus for this study was being peffected. The
results of that pilot study indicated that the SSE occurred when the 50-Hz
tone was presented at ~-10 dB SL but not when it was presgnted at -20 dB
SL. It was hypothesized that the SSE would not occur when the SO-Hz tone
was presented at -20 dB SL or lower. In addition, it was hypothesized
that there would be no difference in performance between the right ear and

the left ear groups of observers.

Major Study

Introduction
As mentioned earlier in this chapter, the Major Study investi-

gated sensitization and desensitization of the auditory system to acoustic
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pips presented at 90° or 270° re a subliminal or supraliminal on-going,
1ow-ieve1, 50-Hz .tone when the pip and the tone were presented monotically
or dichoticaliy. On the basis of the results of Preliminary Studies One
and Two, which are discussed in Chapter IV, the level of the supraliminal
50-Hz tone was set at 5 dB SL and the level of the subliminal 50-Hz tone

was set at -10 4B SL.

Observers

'The same eight male graduate students who served as observers in
_Preliminary Study Two were the observers for this study. Each observer
used the same test ear that he used in Preliminary Study Two. As noted
" earlier, each observer had normal hearing sensitivity in the test ear at
50 Hz and at octave intervals of 125 to 8000 Hz. It was necessary to test
the observers' hearing in the ear opposite the test ear since they woul&

receive the on-going 50-Hz tone in each ear on different:occasions. The
criteria for normal hearing and the equipment used to evaluate the ob-
servers' hearing for the test ear in Preliminary Study Two were used to
evaluate their hearing for the contralateral ear in this study.

Six of the eight observers had no history of hearing difficulty
in the ear opposite the test ear and their hearing was normal at 50 Hz
and at octave intervals of 125 to 8000 Hz. Two of the observers had his-
tories of hearing difficulty in that ear. Both of these observers heard
normally at 50 Hz and at octave intervals of 125 to 2000 Hz but both had
hearing losses of 25 to 55 dB ISO at 4000 and 8000 Hz. However, the
losses were not deemed extensive enough to exclude the two observers from

the study.
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Room Apparatus
This study was conducted in the same sound treated room with the
same earphones, cushions, observer response box, and noise conditions de-

scribed in Preliminary Study Two.

Experimental Apparatus

The signal, timing, data collectiom, and reinforéemenf apparatus
utilized in Preliminary Study Two were used in this study. The only dif-
ference wés that the monotic-dichotic switch on the experimenter's rack
was placed in the monotic position during all of the practice, control,
and reference runs and during half of the experimental runs. That switch
was placed in the dichotic position during the other half of the experi-
mental runs.

The control apparatus was used as it was in Preliminéry Study
Two. However, additiondl control procedures were required for the Major
Study. The Allison model 300 artificial ear was coupled to one earphone
and another Allison model 300 artificial ear was coupled to the other ear-

phone. Both artificial ear output signals were led to the Tektronix os-

cilloscope, one tracing being superimposed on the other. Each earphone

then was placed on the opposite artificial ear and the same procedure was
repeated. The frequency, amplitude, and phase of the on-going 50-Hz sig-
nal were identical in both earphones as far as could be determined visu-
ally.

The two artificial ears were utilized again to ensure that the
phase relationship between the pip and the 50-Hz tone was the same for
the dichotic and monotic presentations. In the dichotic mode, the pip

signal from the earphone on one artificial ear and the 50-Hz signal from
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the earphone on the other artificial ear were led to the oscilloscope and
superimposed. Each earphone then was placed on the opéosite artificial
ear and the same procedure was repeated. The phase relationships between
the two signals appeared the same in both situations. In the monotic
mode, the‘phase relationship of the pip signal and the 50~Hz signal from
one artigﬁcéal_ear looked exactly the same on the oscilloscope as it had
:in £He diéh;t£c mode.?

The frequency of the 50~Hz sinusoid, the intensity of the acous-
tic pip, and the phase relationship of the pip with respect to the 50-Hz

tone varied within the ranges observed in Preliminary Study Two.

Procedure

The experimental procedure of the Major Study was modeled after
that used in Preliminary Study Two. The instructions given to tﬁe ob-
servers were the same. The experimental procedure followed a balanced
yes-no signal detection design but this time each observer toak part in
four experimental sessions. Each session took place on a separate day
and each contained one or two practice reference runs, two reference runs,
two controi runs, and the four experimental runs. At the beginning of
each session and during a break period midway through each session, psy-
chophysical thresholds were taken in the same way. The break periods
occurred at the same points and for the same periods of time as they did

in Preliminary Study Two. The practice reference runs were used for

91t should be pointed out that the Allison model 300 artificial
ear has an odd number of amplification stages in its circuit. As a re-
sult, the output of the artificial ear was 180° out of phase with the
input to the artificial ear. Therefore, when the phase relationship of
one signal to another was evaluated, a 90° phase relationship looked like
a 270° phase relationship and vice versa.
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level-setting purposes in the same way and for the same reasons. The
four sessions of the Major Study followed'thé training sessions and the
one experimental session associated with,Preliminary Study Two.

Each run contained 120 trials, thé first 20 for practice ‘and the
remainder for actual data collection. The schedule of the YES-NO presen-
tations was treated as it was in Preliminary Study Two. The pips were
preseﬁted without the on-going 50-Hz tone during the reference and control
runs. In Experimental Condition One, the pips were presented at 90° re
the on-going tone and the two signals were presented monotically, whereas
.in Experimental Coﬁdition Two, the two signals were preéented dichotic-
ally. In Experimental Condition Three, the pips were presented at 270°
‘re the on-going tone and the two signals were presented monotically,
whereas in Experimental Condition Four, the two signals were presented
dichotically.

The eight observers were divided equally into two groups. During
the experimental conditions, Group A received the 50-Hz tone at 10 dB
below psychophysical threshold (Subliminal Group) and Group B received it
at 5 dB above psychophysical threshold (Supraliminal Group). Of the four
observers in each group, two listened for the pips with the right ear and
two listened for tﬁe pips with the left ear. The balanced order of treat-
ments by observers is presented in Appendix A. The correct-response per-
centage for each run was determined in the same manner as described in

Preliminary Study Two.

Hypotheses
When ccmpared to the "pips alone" conditions, it was hypothesized

that monotic presentations of the two signals in question would lead to
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increased pip detectability during the 90° phase-angle trecatment and de-
cfeased pip de&ectability during the 270° .phase-angle treatment. Further-
ﬁore, it was hypothesized that there would be no differences in the
amounts of sensitization or desensitization for the two levels of the
50-Hz tone during the monotic presentations. In addition, it was hypoth-
esized that there would be no difference in performance between the right
ear and left ear groups of observers.

It was hypothesized that dichotic presentations of the two sig-
nals in question would bring about no sensitization or desensitization
at either phase-angle treatment. It also was hypothesized that during
the dichotic presentations no difference in performance would be observed
between the subliminal and supraliminal groups of obserQers or between

the right and left ear groups of observers.

Summary

The purpose of this study was to investigate whether the phase
relationship between two low-level signals contributes to sensitization
and desensitization of the auditory system to one of those signals during
dichotic stimulation, A study of the effects of an on-gding, low-1level,

. 50-Hz tone upon the detectability of brief acoustic pips presented at 90°
aﬁd 270° re the 50-Hz tone was planned in this chapter. Specifically,
investigations of the amounts of sensitization and desensitization asso-
ciated with the mqnotic and dichotic modes of presentation and with two
levels of 50-Hz tone presentations were designed.

It was not known at what levels the 50-Hz tone could be used in
the dichotic conﬁitions without it.crossing to the opposite ear and inter-

fering with the detection of the pips. For that reason, two Preliminary
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Studies were necessary before the Major Study could proceed. The purpose
of Pfeliminary Study One was to investigate IA at 50 Hz. The purpose of
Preliminary Study Two was to determine the Subliminal Sensitization Effect
(SSE) for the pips in the presence of various levels of the on-going, sub-
liminal, 50-Hz sinusoid when the pips and the sinusoid were presented
monotically.

This chapter described the observers, the apparétﬁs,.the pro-
cedures,'aﬁd éﬁe.hypotheses for the two Preliminary Studies and for the
one Major Study in this experimental investigation. The results of these

studies are presented and discussed in the following chapter.

I




CHAPTER IV
RESULTS AND DISCUSSIONS

Introduction

The purpose, the design, and the hypotheses of the studies
‘within this experimental investigation were discussed in Chapter III.
The results and discussions of the Preliminary Studies and the Major
Study are presented in this chapter. A section on additional findings
also is included.

Most of the data obtained in the investigation appear in Appen-
dix B, although some data are listed in this chapter. Summaries of the
desériptive and inferential statistics used in the evaluations of the

data appear in Appendixes B and C.

Preliminary Study One: IA at 50 Hz

The IA values at 50 Hz were evaluated with the TDH-39fearphones
and the MX-41/AR cushions which were to be used in the Major Study. Five
unilateral hearing loss patients with no measurable hearing in one ear
and essentially normal hearing sensitivity for the low frequencies in the
other ear served as observers. The results of the study are shown in
Table 1.

Only two of the five observers were aware of the 50-Hz tone-

pulse presentations to the poor ear at the maximum output of the equipment

50
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(approximately 130 dB SPL). One observer had an IA of 36 dB and the other
had an IA of 46 dB. None of the other three observers heard the tone

puises when they were as high as 38 to 48 dB above the threshold of the

good ear.
TABLE 1
INTERAURAL ATTENUATION DATA AT 50 Hz FOR FIVE
UNILATERAL HEARING LOSS PATIENTS
Observer Good Good Ear dB SPL in Poor Ear when Difference
Number Ear Threshold Tone Heard in Good Ear (dB)
(dB SPL)
1 Left 92.0 No Response through 1302  38.0°
2 Left 89.0 No Response through 1292 40.0°
3 Right  86.0 122.0 36.0
4 Right  78.5 124.5 46.0
5 Left 90.0 No response through 1302 40.0P

Maximum output of the equipment on the day of the test.
PNo true IA demonstrated at that level or below.

Previously, it was hypothesized that the IA at 50 Hz would be
greater than 30 dB. That hypothesis is supported by the results of
Preliminary Study'One. In fact, the results indicate that when TDH-39
earphones and MX-41/AR cushions are used, the acoustic isolation between
‘ears at 50 Hz is 35 dB or greater. However, further study utilizing
equipment with a higher output capability and a greater number of ob-
servers is indicated before a more representative figure can be expressed

with any degree of confidence.
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Preliminary Study Two: Extent of the SSE

Introduction

Eight normal-heafing male gradgate students in audiology served
as observers in this experimental investigation. As discussed in Chap-
ter III, the observers were required to perform a yes-no signal-detection
task for which a period of training was required. Considerable practice
time was necessary for all of the observers before they met the response
criteria listed in Chapter III. Of the eight observers, one required
3710 trials and one required 1040 trials. Each of the remaining observers
required a numbér of trials between these two values. The median number
of training trials was 1245.

The actual experiment consisted of two reference conditioms, two
control conditions, and four experimental treatment conditions. During
the reference and control conditions, the acoustic pips were presented
without the on-going 50-Hz sinusoid. During Experimental Treatment Con-
ditions One, Two, Three, and Four, the on-going 50-Hz sinusoid was pre-~
sented at -10, -20, -30, and -40 dB SL, respectively. During the experi~
mental conditions, the acoustic pips were presented at the 90° phase
angle 6f the on-going SO-Hé tone while the pips and the tone were pre-
sented monotically. The experimental runs were presented in four.differ-
ent orders and two observers received each order. For each group of twc
observers receiving the same order, one received the signals in the right
ear and the other received the signals in the left ear. The presentation
order for this experiment appears in Appendix A.

The per cent correct score data from this study appear in Table 8
in Appendix B. The ranges of scores as well as the mean and median scores

made by the two groups of observers and by all eight observers are shown
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across conditions. The mean and médinn scores show very Qood agreement
throughout, the greatest difference being 1.507%. Thus, only the means
are used for data representation. The data are presented and discussed

in terms of the wvariables studied.

Results

Effect of treatment order. As discussed previously, the condi-

tions of this study were presented in a balanced order. It was assumed
that this'prbcedure.would reduce the influence of any order effect on the
mean data. The results obtained for the eight periods over the eight ob-
servers, irrespective of the conditions dﬁring any of the periods, are
presented in_Table 2. As can be seen from that table, the range of the
mean scofes for the eight periods was from 82.50% to 87.38%, a difference
of only 4.88%.

The order effect was evaluated with an analysis of variance pro-
cedure. This énalysis, a summary of which appears in Table 11 in Appen-
dix C, revealed that order was not a significant variable at the 0.05
level. It appears that the order of treatments was not an important vari-

able in this study.

Comparison_ of reference and_control values. Inaémuch as the ob-
servers were trained until the response criteria were met, it was assumed
that an observer's performance in the reference and control conditions
would remain essentially the same. The difference between the largést and
smallest values, as shown in Table 8, is less than 1.40% when_the mean
reference and control values are compared across all eight observers.

The reference values were tested against the control values with

the Sign Test. That analysis, a summary of which appears in Table 10 in
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Apﬁendix C, revealed no significant difference in the direction of scores
at the 0.05 level. Therefore, the assumption of essentially equivalent
observer performance iﬁ ghe reference and control conditions was supported.
Because of that finding, subsequent sections of Preliminary Study Two
utilize the mean of the mean reference and control values (héreafter re-
ferred to as the "mean reference-control value') when comparing the refer-

ence and control scores with the treatment scores.

TABLE 2

PER CENT CORRECT SCORES OBTAINED AT EACH PERIOD ACROSS OBSERVERS'
IN PRELIMINARY STUDY TWO, IRRESPECTIVE OF THE
CONDITIONS DURING THE PERIODS '

Periods
Observers

1 2 3 4 5 6 7 8

1 86 93 96 84 84 84 89 87
2 82 88 85 84 80 85 82 82
3 85 9% 83 84 83 88 85 83
4 81 81 85 83 87 84 92 86
5 87 . 89 9 87 88 92 99 87
6. 84 90 92 84 85 84 8 87
719 79 8o 78 77 89 85 79
8 81 81 80 76 76 84 83 80

Mean -83.13 86.87 86.87 82.50 82.50 86.25 87.38 83.38
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Effect of ear. Preliminary Study Two was balanced in such a way

"that four observers listemed for the pips in the right ear and four lis-
tened for the pips in the left ear. The data obtained during each condi-
tion for each observer are presented in Table 8. In addition, that table
presents the means, medians, and ranges of scores for the right ear group,
the left ear group, and the entire group of observers. The mean refer-
ence and control values for the groups were computed from Table 8. This
revealed mean reference-control values of 83.63% for the right ear gfoup,
82.38% for the left ear group, and 83.00% for the entire group of eight
observers. The mean value for each group under each experimental treat-
ment condition was taken from Table 8 and compared to the mean reference-
‘control value for each respective group. The results of this procedure
are illustrated in Figure 2.

Inspection of Figure 2 suggests that the observers who listened
with the right ear gave higher relative detectability scores across con-
ditions than those who listened with the left ear. However, for both
groups the direction of the detectability score changes was the same.
Both groups had their maximum detectability scores when the on-going
50-Hz tone was presented at ~-10 dB SL. The detectability scores decreased
for both groups as the SL of the on-going tone decreased.

The differences between ears across treatment conditions were
tested with an analysis of variance procedure and were found to be sig-

- nificant at the 0.05 level. A summary of this analysis can be seen in
Table 11 in Appendix C.. It was previously hypothesized that no differ-
ence in performance between the right and left ear groups of observers
would occur. In view of the experimental results, that hypothesis was

not supported. However, since the direction of difference appears the
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same for both groups in each condition, the results from the entire group
of eight observers were combined and analyzed together in the evaluation
of the effect of subliminal level.

Effect of subliminal level. The center curve in Figure 2 illus-

trates the relative differences among the mean performance values for all
observers in each expexrimental treatment condition re the mean reference-
control value for all observers. That curve suggests that the greater
the intehsity of the subliminal tone, the greater the improvement in the
detectability of the pips.

Figure 2 suggests that neither the =-40- nor the -30-dB SL condi-
tions led tco sensitization or desensitization but that the ~20- and -10-dB
SL cénditions led to sensitization. These suggestions are supported by
the results of the Sign Test, a summary of which may be seen in Table 10.
The results indicate that the performancee during the -40- and -30-dB SL
conditions were not very different from each other and that the -10-dB SL
condition led to greater sensitization than the -20-dB SL condition. The
. latter two indications are supported by the results of an analysis of vari-
ance procedure, the results of which appear in Table 11. From Figure 2 it
can be seen that the amount of sensitization observed during the -20-dB SL
condition was greater than that observed during the ~-30-dB SL condition,
the difference value (3.20%) bein% almost as great as the difference‘value
(3.92%) noted between the =-10- ana -20-dB SL conditions. The significance
of the difference in sensitization betwéen the -20- and the -30-dB SL com-
ditions was not evaluated statistically.

From the results of this study, it appears that the -10-dB SL
sinusoid brought about a relatively large SSE, the -20-dB SL tone brought

about a moderate SSE, and the -30- and -40-dB SL tones brought about
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little or no SSE. This suggests that the SSE broke d&wn when the 50-Hz
vsinusoid was between -20 and -30 dB SL, IE was hypothesized previously
that the SSE would not occur when the 50-Hz tone was présented at -20 dB
SL or lower. The fesults.suggest that the extent of the SSE was greater

than anticipated.

Discussion

The analyses of treatment order and reference and control com-
parisons indicated that order was not a significant variable and that the
reference and control values were.not significantly different. Thus, it
appears that no furtﬁer learning by the observers for the detection task
Fodk piace during the course of the study. Furthermoré, it appears that
any differences observed resulted from the effects of the treatments.

The ear differences observed in Preliminary Study Two were not
expected. Originally, the eight observers were divided into two groups
of four observers according to the presentation ear only to balance the
experiment. Although studies in cerebral dominance employing acoustic
signal-detection tasks have not been reported, other experiments in the
area of cerebral dominance and hearing have been completed.. The reports
of Kimura (1961) and Milner (1962) suggested that observers' performance
for verbal material was better if that materialjwas presented to the ear
opposite the dominant hgmisphere for speech and language (the right ear
in the vast majority of cases). Their reports and thé results obtained
by Chaney and Webster (1966) suggested that the presentation of nomverbal
material would have just the opposite effect.

Research findings by Inglis (1965) and Oxbury, Oxbury, and Gardi-

ner (1967) did not support the Kimura-Milner hypothesis. The authors of
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both étudies'found.that at the beginning of their experiments, observers
usually were better able to identify those stimuli previously présented
go the right ear than those previously presented to the left ear, regard- .
less of whether the stimuli were verbal or nonverbal. They found that
when the experiments were balanced and when numerous verbal and/or non-
verbal items were presented over a period of several sessions the ear
effect was eliminated.

‘ ﬂ:_Iﬁ*tﬁéipresent study, the right ear group of observers showed
more sensitization than the left ear group during a nonverbal detecta-
bility task following a relatively lcmg practice session in which the
responée criteria for the study were met. Statistical analyses of the
data indicated that no practice effect occurred during this investiga-
tion. Thus, the results of the study do not support either group of in-
vestigators mentioned. The consistency of this present finding in sub-
sequent runs is discussed later in this chapter.

During the actual exferimental treatment presentations of this
investigation, the pip signals were presented at a 90° phase angle of an
on-going SO-Hz tone of various subliminal levels. When compgred to the
mean reference-coﬁtrol value, detectability for the pips was significantly
better uuring the -10- and -20-dB SL experimental treatment conditionms.
Such results demonstrate the presence of a SSE and support the results ob-
tained by Deatherage and Henderson (1967) who demonstrated a SSE for sim-
ilar pips presented at 90° re an on-going, -5-dB SL, SO-Hz.tone.

When the results of the present study are examined in terms of
the leveél of the on-going 50-Hz tome, it is interesting to speculate on
the reason or reasoﬁs why the SSE broke down when it did. In view of

the literature reviewed in Chapter II, it appears that the movement of
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the basilar. membrane may be responsible for this kind of sensitizationm.
Perhaps a 50-Hz on-going sinusoid beﬁween -20 and -30 dB SL no longer
moves the basilaf membrane sufficiently and, as a result, that membrane
does not affect the perception of another incoming signal. Alterna-
tively, at a level between -20 and -30 dB SL, the noise floor of the test
chamber may have been réached and the 50-Hz tone may have-had no more
effect upon the basilar membrane than the noise in a frequeﬁcy band around
50 Hz. In. regard to the latter speculationm, it is important to note that
the mean threshold of the 50-Hz sinusoid was approximately 73 dB SPL for
the group of observers used in this experiment.1 The noise level of the
octave bands around 50 Hz in the test room was about 48 dB SPL, nearly
25 dB below the mean threshol& for the observers. Perhaps when the level
of the 50-Hz tone diminishes to the spectrum level of thg tones in those
octave bands it no longer has the same effect upon the basilar membrane.
Then, perhaps it contributes only to an>overa11 random movément of the
basilar membrane caused by the noise in those bands. This hypothesis may
be investigated By replicating the study in quietef surroundings.

Whatever the cause of the SSE, the findings have several implica-
tions. For monotic presentations, an on-going, low-frequency, subliminal
signal as low as =20 to =30 dB SL can influence the detectability of other
brief acoustic signals. Care should be taken not to phase-lock brief
acoustic sigﬁals to an on-going, low-frequency signal because false im-
pressions of detectability or threshold are likely to occur. The results
of Deatherage and Henderson (1967) suggest that considerable difficulty

still could arise if the brief acoustic pips are not phase-locked to an

lsee the Additional Findings section of this chapter.
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on-going sinusoid. In such a situation, the pips would occur at various
phase angles of the sinusoid. Considerable variability in detectability
for.individual signals could result because of the different effects of
the various phase angles upon the detectability of the pips if sufficient
spe;ified background noise levels are not used.
In view of the fact that on-going low-frequency signals are en-

2 thorough analyses

countered frequently in auditory research projects,
of the -sounds preéent in the earphones and in the research chamber are
essential for all signal detection and threshold experiments involving
very brief acoustic signals. Perhaps the maximum allowable noise levels
in sound treated rooms used for such studies should be re-evaluatéd since
subiiminal tones can affect detectability or threshold.

For dichotic presentations to sophisticated normal-hearing ob-
servers, there is a chance that a low-frequency signal in one ear could
affect detectability for brief acoustic pips in the opposite ear. The
results of Preliminary Study One suggested that an IA of 35 dB did not
seem unreasonable with TDH-39 earphones set in MX-41/AR cushions. The
results of the present study indicate that a 50-Hz tone of =20 to -30 dB
SL can affect detectability for brief acoustic pips in the same ear. To-
géther, these studies suggest that a 50-Hz tone greater than 5 dB SL in
one ear could affect the detectability for brief acoustic pips in the
opposite ear because it could be greater than -30 dB SL in that pip ear
(assuming an IA of 35 dB). Therefore, a 50-Hz tone which is greater than
5 dB SL should be avoided in dichotic studies with normal-hearing observ-

ers if the investigator does not wish to run the risk of contaminating

2The problematical "60 cycle" is the most notorious example.
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the detectability scores for the brief acoustic pips presented to the
opposite ear.3
There i$ need for further research in this area. Various on-
going sinusoids should be studied to determine the range of frequencies
over which the SSE can be observed. Studies of various low noise levels

in the octave bands aropnd 50 Hz are needed to establish whether or not

the level of the noise determines the level at which the SSE breaks down.

Major Study

Introduction

The eight normal-hearing male graduate students who served as
observers in Preliminary Study Two were the observers for this study.
Like -the preceding study, this experimental investigation utilized the
yes-no signal detection technique. Four of the eight observers arbi-
tfarily were placed into the Subliminal Group and four arbitrarily were
placed into the Supraliminal Group. During the four experimental treat-
ment conditions, the observers in the former group received the on-going
50-Hz tone at -10 dB SL while those in the latter group received the on-
going tone at 5 dB SL. Two observers in each group received the pips in
the right ear and two observers in each group received them in the left
ear. Each observer received the pips in the same ear as he did in Prelim-
inary Study Two.

The experiment consisted of two reference runs, two control runms,
and four experimental treatment runs in each session. There were four

sessions, each on a separate day. The reference and control runs were

‘ 3This reasoning led to the limitation of the level of the supra-
liminal 50-Hz tone to 5 dB SL for the dichotic treatments in the major
study, the results and discussions of which follow.



63
identical to those in Preliminary Study Two in that the pips were pre-
~sentéd without the on-going 50-Hz tone. During Experimental Treatment
Condition One the pips wéfe preéented at 90° re the on;going tonc and the
two signals were pfesented.monoticaliy, whereas in Experimental Treat-
ment Condition Two the two signals were presented dichotically. In Ex-
perimental Treatmenthondition Three the pips were presented at 270° re
the on-going tone and the two signals were presented monotically, whereas
in Experimental Treatment Condition Four the two signals were presented
dichotically.

The presentation order of the four experimental treatment condi-
tions was bélanced. The observers received the experimental treatment
conditions in one of four different orders in each of the four sessions.
Furthermore, the four observers in each group received different orders
of expefimental treatment conditions in any given session. The presenta-
tion order for this experiment is shown in Table 7 in .Appendix A.

For six of the eight observers, each session lasted from 90 to
120 minutes of one day, exclusive of the break period midway through each
session which iasted from 20 to 180 minutes. Two of the eight observers
took part in only one half-session per day because of various time con-
flicts. The length of time between the half-sessions for these two ob-
servers ranged from one to seveﬁ days, the median length of time being
2% days. For all observers, there was at least an 18-hour period bétweén
whole sessions.

The per cent correct score data from this study are presented in
Table 9 in Appendix B. The mean and median scores, as well as the range
of the scores, are presented for each condition across sessions for each

group of four observers and for the entire group of eight observers. The
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means and medians for each condition show very good agreement, the largest
difference being less than 1.50%. Table 9 also presents the mean and
median scores, as well as the range of the scores, for all eight observers
for each condition, session by session. The means and medians for each
condition show good agreement, the largest difference being 4.25%, except
for the sﬁpraliminal group of observers during the 90° Dichotic Treatment
Condition of Session I, Fo; thaf paféié;iér treatment, the mean value
was 8.75% higher than the median value. Despite the one instance of dis-
agreement between the two values, they are considered in good agreement
for the study as a whole. In the following section of the chapter, only
the mean values are used when the results for the two groups of observers
are presented or when the results for the whole group of eight observers

are presented.

Results

Effect of treatment order. As previously mentioned, the order

of treatments in the major study was balanced in an attempt to reduce the
influence of any order effecf on the mean data. 'The tesults obtained for
the 32 perio&s over the eight observers, irrespective of the condition
du;ing any of the periods, are presented in Table 3. That table shows
that mean scores for the 32 periods ranged from 73.63% to 86.25%, except
for period 7 where the mean score was 69.88%. The median of the 32 mean
scores was 81.13%

The order effect was evaluated with an analysis of variénce pro-
cedure, the résults‘of which may be seen in Table 13 in Appendix C. This
analysis revealed that order was not a significant variable at the 0.05

level. It appears that the order of treatments was not an important
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TABLE 3

PER CENT CORRECT SCORES OBTAINED AT EACH PERIOD ACROSS OBSERVERS

IN THE MAJOR STUDY, IRRESPECTIVE OF THE
CONDITIONS DURING THE PERIODS

Observer
Period Range Means
1 2 3 4 5 6 7 8

Session I
1 89 80 89 88 90 85 85 81 80 - 90 85.88
2 93 60 " - 84 90 93 73 87 78 60 93 82.25
3 83 85 78 92 50 86 86 88§ 50 92. 31.00
4 86 84 91 89 86 88 82 84 82 91 86.25
5 ... 8 79 91 82 92 83 84 75 75 92 83.88
6 80 53 98 71 93 52 93 54 52 98 74.25
7 73 84 87 54 54 80 77 50 50 87 69.88
8 88 78 89 79 94 84 87 78 78 94 83.38

Session II
1 80 80 87 80 89 80 74 84 74 89 81.75
2 76 50 97 89 49 78 72 90 49 97 75.13
3 78 51 96 67 84 70 87 68 51 96 75.13
4 78 81 84 85 90 84 75 80 75 90 82.13
5 79 80 87 83 85 80 78 83 78 87 81.88
6 70 83 79 90 53 88 67 79 53 90 76.13
7 88 86 81 58 98 88 68 54 54 98 77.63
8 76- 82 81 78 88 83 82 80 76 88 81.25

Session IIT .
1 91 78 83 85 88 80 81 82 78 91 83.50
2 81 77 86 59 62 82 97 64 59 97 76.00
3 83 84 75 90 66 87 84 86 66 90 81.88
4 90 78 83 82 84 82 82 79 78 90 82.50
5 92 82 85 83 86 82 74 78 74 92 82.75
6 97 60 85 52 92 67 80 56 52 97 73.63
7 89 64 80 87 89 61 69 78 61 89 77.13
8 90 83 83 79 84 80 81 71 71 90 81.38

Session IV _
1 82 85 84 .86 89 88 80 78 78 89 84.00
2 81 90 8 70 99 " 94 53 71 53 99 80.25
3 90 60 98 68 97 75 68 62 60 98 77.25
4 84 84 82 89 89 86 75 81 75 89 83.75
5 86 80 75 80 82 78 81 78 75 - 86 80.00
6 72 84 78 76 65 82 74 82 65 84 76.63
-1 73 70 . 99 88 60 68 89 70 60 99 77.13
8 81 82 79 83 87 77 82 75 75 87 80.75
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variable in this study.

Comparison of reference and control values. It was assumed that
the observers' performan?e in all conditions witﬁout the 50-Hz tone would
be essentially the same. The mean reference values and the mean control
values for the eight observers noted in Table 9 appear quite similar when
they-are compared across sessions. The mean reference and control scores
rangéd from 80.00% to 86.25%. The median score of the 16 mean reference-
control scores was 82.63%.

The mean reference values were tested against the mean control
values with the Sigﬁ Test and there was no significant difference in the
direction of scores at the 0.05 level. Thus, the assumption of essen=-
tially equivéiént pérformance in all conditions without fhe 50-Hz tone
was'gupported. A‘summgry of the statistical analysis appears in Table 12
in Appendix C. Because of this finding, all subsequént(comparisons of the
éxberimental treatment values were made against the mean.of‘the mean ref-
ereﬁce and control condition values (bereafter referred ‘to as the '"mean
refererice-control value"). |

Effect of session. This study required each obseryer to complete
four.repetitioﬁs qf the experiment in four different orders during four
different sessions which occurred on separate days. As discussed previ-
ously, the observers were well trained by thé time they'took part in this
experiment, ,Névertheless,.there was some question whether or not .there
" would be a pfactice effect which would result in improved scores as. the
days progressed.

Figure 3 illustrates the differences, in per cent, among sessions
for the mean scores made by the eight observers during éagh of(tﬁe experi-

mental treatment cond.tions. The difference values for each session under
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Figure 3. Mean sensitization (positive) and de-
sensitization (negative) scores for all observéfs during
each session for each experimental treatment condition.
The scores are expressed in terms of the differences in
per cent re the mean reference-control value for each
‘session.
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each treatment condition are relative to the mean reference-control‘vaiues
for each session. . Inspection of Figu:e 3 suggests that within the 90°
Monotic, the 270° Monotic; and the'270° Dichotic treatment conditionms,
there was very littie difference across sessions. The greatest relétive
difference across sessions within these treatment conditions was approx-
imately 4.75% ana that occurred during the 270° Dichotic treatment con-
dition. Figure 3 also indicates that a greater degree of relative change
in performance occurred across sessions during the 90° Dichotic treatment
condition where performance appeared to improve by approximately 9.00%
between ‘the first and last sessions.

The effect of sessions was evaluated with an analysis of vari-
ancé procedure, the results of which may be seen in Table 13. The anal-
ysis revealed no significant session effect at the 0.05 level. Thus, it
does not appear that there was a significant practice effect in this ex-
periment.

Effect’of 1eve1. In this experiment, the eight observers were
divided into two groups on the basis of the level of the on-going 50-Hz
sinusoid during the experimental treatment éonditions. Table 9 in Appen-
dix B lists the mean detectability scores for each group of observers at
each condition during each session. _In addition, it lists the mean of
those.mean scores for each group of observers across the four sessions.
Figure 4 illustrates the differences, in per cent, between the mean scores
pf the two groups of observers across sessions upder each of the experi-
mental conditions., The difference values for each group at each treat-
ment condition are relative to the mean reference-control values for each

group of four observers across the four sessioms.
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Figuré 4 suggests that the subliminal and supraliminal grouﬁs
of observers behaved similarly during each condition. There was less
than a 3.50% relative difference between the mean scores of the two groups
under all conditions except the 270° Dichotic treatment condition. There,
the relative difference was approximately 5.25%. The differences in the
scores between thebtwo grouﬁs were fested with an analysis of variance
procedure. The results revealed no significant difference at the 0.05
1evé1;'tﬁus'suppoéfing»Lhé36bservation that both groups behavéd similarly.
A summary of the analysis of variance appears in Table 13. |

Previously, it was hypothesized that the performances of the sub-
liminal and supraliminal group; of observers would not be different acroés
'experimentai treatments. .That hypothesis was supported by the results ob-
tained. Because éf this finding, the remaining variables were evaluated
over the entire grouf of eight observers rather than over the subliminal

and supraliminal groups separately.

Effect of ear. In Preliminary Study Two, observers who listened
with the £ight ear had significantly better detectability scores than ob~
servers who listened with the left ear. This effect was studied further
in the present investigation. Four observers received the pips in the
‘right e;r and four received them in the left. Table 4 presents the mean
scores for these two groups of observers in each experimental treatment
condition across the four sessions and the mean reference~-control values
for each group of four observers across the four sessions. Figure 5 il-
lustrates the differences, in'per cent, between the mean scores made by
the right-ear and left-ear groups during each experimental treatment con-
dition. The difference values for each group at each tréatment condition

are relative to the mean reference-control values across sessions. '
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TABLE 4

MEAN PER CENT CORRECT SCORES IN THE MAJOR
STUDY FOR RIGHT-EAR AND LEFT-EAR

GROUPS ACROSS SESSIONS -
Condition Right-Ear Group Left-Ear Group
Reference-Control 84.31 " : 81.47
90° Monotic 93.31 85.75
90° Dichotic 72.69 61.31
270° Monotic . 84,81 83.81
270° Dichotic 70.88 63.06

Table 4 and Figure 5 indicate that the relative differences be-
tween the right-ear and left-ear groups was less than 4.75% for the 90°
and 270° Monotic treatment conditions, the right-ear group performing
better in the former condition and the left-ear group performing better
in the latter condition. However, Table 4 and Figure 5 also indicate
that the right-ear group yielded relatively better detectability scores

. than the left-ear group in.the 90° and 270° Dichotic treatment conditions,
.the relative différences being 8.54% and 6.29%, respectively. It shoﬁld
be remembered that these differences were the mean differences that oc-
curred over the four sessions and not over one session as was the case

in Preliminar& Study Two. There was some question whether or not the

differences observed would be significant.

The scores obtained from the right~ear group were evaluated
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against the scores obtained from the left-ear group with an analysis of
 veriance procedure. This revealed no differenee at the 0.05 level of
significance. The results of that analysis may be seen in Table 13. It
was hypothesized in Chapter III that no difference would be observed be-
tween the performances of the right-ear and left-ear groups. Although
the mean scores made by the right-ear group were somewhat better than the
mean scores made by the left-ear group in the dichotic treatment condi-
tions, the differences were nee:gfeat enough to be significant in this
experiment. Therefore, the hypothesis was supported. In view of the
outcome 6f this study, the remaining variables were evaluated for all
eight observers together rather than for the right-ear and left-ear groups
separately. |

Effect of level by ear interaction. There was a possibility of

interactions between the two levels of the 50-Hz tone presentations and
the two ears used to detect the pips, but it appeared unlikely in view of
the level and ear effects described above. A 1eyei-by-ears interaction
eest was completed with an analysis of variance procedure, the results of
which may be seen in Table 13. The results of that analysis wefe not
significant at the 0.05 level. This suggests that there was no signifi-
cant interaction-between the level of the 50-Hz tome and the ear used to
detect the pips.

Effect of phase. During the experimental treatment conditions

of this investigation, the eight observers received acoustic pips pre-
sented at a 90° phase angle and a 270° phase angle re the on-going 50-Hz
tone, _The extent of the differences in the scores of the entire group

of observers under each phase angle treatment was evaluated, irrespective

of the other variables in the experiment. o
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A mean value of 82.89% for all reference and control con&itions
was calculated from the data in Table 9. Meéns of 78.27% and 75.64% also
were obtained from that data for all 90° and 270° treatments, respec-

_ tively. The relative differences among these means are portrayed graph-
ically in Figure 6 which shows that the relative difference between the
mean reference-conﬁrol Qalue and the mean 90° phase-condition value was
less than 5.00%. 1In addition, the figure suggests that the relative
difference between the mean 90° phase-condition value and the ﬁean 2700.
phase-condition value was less than 3.00%. However, Figure 6 illustrates
that the relative difference between the mean reference-control value and
the mean 270° phase-condition value was approximately 7.25%. There was
some question whether or not these differences would be significant.

The resultslof this phase comparison were studied by an analysis
of variance procedure, the results of which may be seen in Table 13. This
analysis revealed that the mean scores for the 90° and 270° treatments
were not different at the 0.05 level of significance. From.this finding
it would appear that phase itself was not a significant variable in this
investigation.

Effect of mode of presentation. The eight observers received the

acoustic pips and the on-going 50-Hz tone monotically and dichotically

during the experimental treatment conditions of this investigation. The
extent of the differences in the scores of the entire group of obser&ers
under each mode of presentation was evaluated, irrespective of the other
variables in the experiment. From the data in Table 9, means of 86.92%
and 66.99% were obtained for all monotic and dichotic treatment condi-

'tions,.respectively. A mean of 82.89% for all reference and contol con-

ditions was reported earlier. TFigure 7 illustrates the relative differ-
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enceé among those means.

o Figure 7 shoﬁs that the relative differences between the mean
reference-control value and the mean ménotic condition value was approxi-
mately 4.00%. In addition, the figure suggests that the relative dif-
ference between the mean monotic condition value and the mean dichotic
condition value was approximately 20.00%. Furthermore, Figure 7 illus-
trates that the relative difTErencejbetween the mean reference-control.
vaiué and the mean dichotic condition value was approximately 16.00%.

The extent of these differences suggests that the mode of presentation
was an important variable in this investigation.

The mean monotic score and the mean dichotic score were compared
with the mean reference-control value through the use of an analyéis of
variance procedure, a summary of which may be seen in Table 13. This
analysis revealed a significant difference among the modes of presenta-
tion at thé 0.05 level. This result confirms the impression gained from
examination of Figure 7.

Effect of mode by phase interaction. In view of the findings

already reported throughout this study, the possibility of interactions
among the two modes of presentation and the two phase angles used in this
experiment appear likely.. Table 9 list the mean scores of all observers
for each experimental treatment condition. Thése values and the mean
reference~control value for all observers (82.89%) were utilized in the
construction of Figure 8.

Figure 8 shows that, relative to the mean reference-control
value, the scores were higher during the 90° Moﬁotic treatment condition
and considerabiy lower during the 90° and 270° Dichotic treatment condi-

tions. From the graph it appears that the score for the 270° Monotic
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treatment condition was essentially the same as the mean reference-control
" value. The relative enhancement in performance scores for the 90° Monotic
treatment condition amounted to approximately 6.50%. The relative de-
crease in performance under the two Dichotic conditions amounted to approx-
imateiy 16;00Z; The relative change for the 270° Monotic treatment con-
dition was less than 2.00%.

The mode by phase interaction results were studied by an analysis
of variance procedﬁre, the results of which may be seen in Table 13. That
‘analysis revealed a significant interaction at the 0.05 level. Thus, it
appears.that the :elationships among the mode of presentation and the
phase-angle variables were of extreme importance in this.investigation,

It was hypothesized in Chapter III that monotic presentations of
tﬁe two signals in qﬁestion would lead to sensitization during the 90°
phase-angle treatment and desensitization during the 270° phase-angie
treatment. The former hypothesis was supported by the results of this
investigation but the latter hypothesis was not. In addition, it was hy-
pothesized Ehat dichotic presentations of the two signals would bring
about no sensitization or desensitization at either phase angle. In view
" of the considerable amount of desensitization observed in both phase-
angle treatments during dichotic stimulation, that hypothesis was not

~supported by the results of this study.

Discussion
The analyses of treatment-condition presentation order and refer-
ence and control comparisons indicated that there was no order effect and -
that the reference and control values were not significantly different.

Thus, it appears that no further learning of the task by the observers
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took place during the course of the Major Study. In addition, it appears
that any differences observed resulted from the effects of treatments.:

In the present investigation, no significant differences in re-
sults were noted between the -10- and 5-dB SL groups in the 90° Monotic
treatmeﬁt conditioné. This finding agrees with that of Deatherage and
Henderson (1967) who found essentially the same éensitization effécts
during 10-dB SL and -5-dB SL 90° phase-angle treatment conditions. Re-
gardiess of the mechanism for sensitization, it appears that during 90°
Monotic treatment conditions the -10-dB SL 50-Hz tone has the same effect
upon detectability for brief acoustic pips as the 5-dB SL 50-Hz tome.

Little or no SSE was observed in Preliminary Study Two when the
50~Hz tone was presented at -40 and -30 dB SL during the 90° Monotic
treatment condition. On the other hand, some degree of SSE was noted
when the tone was presented at -20 dB SL while a greater degree of SSE
was noted in the presence of a -10-dB SL 50-Hz tone.* On the basis of
the results obtained in the Major Study, it appearé that by the time the
50-Hz tone reaches 5 dB SL, it has no more influénce upon detectability
for the pips than it does at -10 dB SL. This suggests a néed for further
studies with the 50-Hz tome presented at -10 to 5 dB SL in order to deter-
mine whether the function actually is asymptotic between thoée levels.

Unlike the monotic presentations, the dichotic presentations in
the Major Study led to no sensitization and a remarkaéle degree of desen-
sitization, irrespective of the two phase-angle treatments. These find-

ings do not support the results of Hughes (1938) who found sensitization

4The SSE noted for the 90° Monotic -10-dB SL treatments in Pre-
liminary Study Two and in the Major Study showed very close agreement,
the differences being less than 2.5% over the entire group of observers.
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effects in similar situations. However, this finding adds to the informa-
tion obtained by Zwislocki et ai. (1967) which was discussed in Chaptei II.

The subliminal group performed slightly better than the supra-
liminal group but the differences'wére not enough to be statistically sig-
nificant. The two Preliminary Studies indicated that under the conditionms
of the investigation, a 50-Hz sinusoid of 5 dB SL:or less would not pro-
duce a mechanical effect in the contralateral ear of normal-hearing ob-
servers. It appears that any effect the 50-Hz tone had upon the detecta-
bility of pips in the contralateral ear was neural rather than mechanical
in nature. Desensitization of this nature often is called central masking
(Zwislocki et al., 1967). Since essentially the same amounts of desensi-
tization were observed when ‘the 50-Hz tone was set at ~10 and 5 dB SL
during dichotic presentations, further research on the effects of contra-
lateral presen.utions of various low-level 50-Hz sinusoids is indicated.

In the Méjor Study the right-ear group of observers yieldad
higher relative per cent correct scores than the left-ear group of ob-
servers in three out of four experimental-treatment conditions. The dif-
ference between ear groups was not significant as it was in Preliminary
Study Two. Nevertheless, a trend in the same direction is observable.
- Further studies ghould be conducted in an attempt to resolve this ques~
tion. It would behoove the investigator to require all observers to
listen for the pips in each ear during one-half of the presentations in
future research of‘this kind. Then, if differences in detectability
between the two ears occﬁr, the differences would be more meaningful than
they were when only half of the observers listened with one ear and half
listened with the other. Balanced signal-detection studies of ear diffexr-

ences across a single group of observers are suggested because signal
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deteﬁtion techniques allow the investigator to observe very subtle differ-
‘ences in performance.

Results of the Major Study indicate that the variables of mode
of presentation and mode by phase interaction were the most important
of those investigated. For monotic presentations, detectability for the
pips presented at 90° re the on-going 50-Hz tone was significantly better
than detectability for the pips in the no-tone conditions. This finding
supports the results obtained by Deatherage and Henderson (1967). How-~
ever, the 270° treatment resulted in neither an enhancement nor a decrease
in the detectability of the pips. This finding does not support the re-
sults obtained by Deatherage and Henderson (1967) but the reason for the
disagreement is unknown at this time. Detectability studies with other
phase relationships of the two signals in question should be completed.

Detectability scores for the pips were essentially the same at
both phase relationships during the dichotic treatment conditions of the
Major Study. These scores were significantly poorer than the scores in
the reference and control conditions. In other words, about the same
amount of desensitization occurred at the two phase angles when averaged
across observers. In this study every attempt was made to keep the on-
going 50-Hz tone from crossing over to the test ear during dichotic stim-
ulation. On the basis of the literature reviewed in Chapter II and the
findings obtained in Preliminary Studies One and Two, it is believed that
the observed desensitization resulted from neural interaction. Within
the limitations of this study, the phase relationship of the pips to the
on-going 50-Hz tone does not appear to have an important effect upon
neural interaction during dichotic stimulation. However more studies of

this kind should be completed with other phase relationships before a
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definite conclusion can be reached relative to the role of phase on the

detectability of pips during such dichotic stimulation.

Additional Findings

During Preliminary Study Two and the Major Study, each of the
eight observers had his right-ear and left-ear thresholds evaluated a
total of ten times at 50 Hz with an ascending method of limits procedure.
The mean threshold for each observer and the mean of means for the right

and left ears of all observers are presented in Table 5.

TABLE 5

MEAN THRESHOLDS IN dB SPL AT 50 Hz FOR RIGHT
AND LEFT EARS OF ALL OBSERVERS

Observers : Mean
: of
1 2 3 4 5 6 7 8 Means
RE . .
73.39 69.13 70.12 66.62 76.06 69.89 75.91 73.39 71.80
Means ) .
LE ’ _
77.98 74 .51 78.57 65.91 81.32 68.57 76.63 71.46 74.40

Means

In 1936, Bekesy reported normal threshold at 50 Hz to be slightly
less than 1 dyne. He used a thermophone and a manometer ". . . so that
sound pressures could be measured directly at the eardrum for a 50-cps

tone at threshold." (Bekesy, 1960, 257-267). With the TDH-39 earphone set
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in MX-41/AR cushions, the present results for the right ear are 2.0 dB
more sensitive than Bekesy reported. ' For the left ear, the present re-
sults are 0.6 dB less 'sensitive than he reported. It appears reasonéble

to conclude, however, that the present results supporﬁ Bekesy's findings.

Summary

The results of Preliminary Studies One and Two and the Major
Study which made up this experimental investigation.were presented and
discussed in this chapter. The results of Preliminary Study One suggest
that the IA value at 50 Hz is 35 dB or greater. Further study utilizing
equipment with greater output capability and a larger number of observers
is indicated before a more representative figure can be expreséed.

In Preliminary Study Two, the 90° Monotic treatment led to a
Subliminal Sensitization Effect (SSE) in the detectability of pips in the
right- and left-ear groups of observers. However, analyses of ear dif-
ferences revealed that the right-ear group demonstrated a significantly
greater SSE than the left;ear group. When the effect of ﬁhe level of the
on-going 50-Hz~tone was évaluated, it was learned that the SSE broke down
when the tone wés between ~20 and -30 dB SL. Implications relative io
these findings were discussed.

The fact that the 90° Monotic treatment led to a SSE in the
detectability of pips was confirmed in the Major Study. Howéver, the
270° Monotic treatment led to neither sensitization nor desensitization.
The effect of the 90° Monotic treatment upon detectability was essen-
tially the same whether the 50-Hz' tone was presented at -10 dB SL or 5 dB
SL, Similarly, the effect of phe‘270° Monotic treatment was essentially

the same at those two sensation levels. The 90° and 270° Dichotic
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treatments led to significant and essentially equal amounts of desensiti-
zatioﬁ of the auditory system to the pips. The effects of the 90° and
270° Dichotic treatments were essentially the same whether the 50-Hz tone
waé presented at -10 dB SL or 5 dB SL. No significant difference in per-
forménce was noted between the observers who listened with the right ear
and those who listened with the left. Implications relative to the

findings were discussed.



CHAPTER V
SUMMARY AND CONCLUSIONS

There have been few well-controlled investigations of sensitiza-
tion and/or &esensitization of the auditory system to one signal in the
presence of a different, on-going, low-level signal. Recently, however,
Deatherage and Henderson (1967) found that the amoint of sensitization
orkdesensitization‘to acoustic pips is influenced by the phase relation-
ship of those pips to an on-going, low-level, 50-Hz sinusoid presented
to the same ear. Most of the behavioral investigators who have studied
the two phenomena with monotic presentations of the two low-level signals
believe that the mechanics of basilar membrane movement are responsible
for the effects noted (Wegel and Lane, 1924; Ehmer, 1959; Deatherage and
Henderson, 1967). This point of view draws support from the physiologic
findings of Bekesy (1960, 403-634) and Peake and Kiang (1962). However,
the mechanical alterations of the basilar membrane that occur during low-
level stimulation are only partially understood at this time. Further
anatomic and physiologic studies of cochlear specimens, cochlear models,
and cochlear responses during low-level stimulation are needed for a
better understanding of ﬁhis mechanism.

Hughes (1938) noted sligﬁt~amounts of sensitization and Zwislocki

et al., (1967) noted slight amounts of desensitization to threshold-level

85
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pure tones during stimulation by various on-going low-level sinusoids in
the opposite ear. Neither study investigated whether the phase relation-
ship between the tone pulses and the sinusoids affected'the amounts of
sensitization or desensitization observed during such dichotic presenta-
tions. Nearly all of the behavioral investigators who have studied the
two phenomena with dichotic presentations of the two low-level signals
believe that neural interactions of the impulses from the two ears are
responsible for the effects noted (Hughes, 1938; Zwislocki, 1953; Ingham,
1957; Zwislocki et al., 1967). This point of view draws support from
neuroanatomic and neurophysiologic findings mentioned by Galambos (1954),
Deatherage (1966), Rasmussen (1967), Goldstein (1967), Fex (1967) and
Gacek (1967). However, further neuroanatomic and neurophysiologic studies
of'the effects of one low-level signal upon the defectability for other
signals are indicated.

The purpose of this experimental study was to investigate whether
the phase relationship between two low-level signais contributes to sen-
sitization and desensitization of the auditoyry system to one of those sig-
nals during dichotic stimulation. The effects of an on-going, low-leve1,
50-Hz sinusoid upon the detectability of brief acoustic pips presented at
90° and 270° re the 50-Hz tone were studied. Because sensitization and
desensitization were obsefved by Deatherage and Henderson (1967) when such
signals were presented monotically, an investigation of the amount of sen-
sitization and/or desensitization associated with monotic and dichotic
modes of presentation was included in the design of this study.

It was not known at what levels the 50-Hz sinusoid could be used
in the dichotic conditions without it crossing to the opposite ear with an

intensity sufficient to interfere peripherally with the pip signal. For
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that reason, two Preliminary Studies were necessary before the Major Study
coﬁld proceed. The purpose of Preliminary Study One was to investigate
interaural attenuation (IA) at 50 Hz. Using five observers and the appa-
ratus and procedures described in Chapter III, the 50-Hz tone was pre-
sénted first to the better ear and then to the poorer ear and the differ-
ences in thresholds between the two ears were recorded. The results of
Preliminary Study One suggest that the IA value at 50 Hz is 35 dB or
greater with the ékbéfimental earphones (TDH-39) and cushions (MX-41/AR).
Further study utilizing equipment with greater output capability and a
larger number of observers is indicated before a more representative fig-
ure can be expressed.

The purpose of Preliminary Study Two was to determine the Sub-
liminal Sensitization Effect (SSE) for brief acoustic pips in the presence
of an on-going, low-level, 50-Hz sinusoid. Using eight observers and the
apparatus and procedures described in Chapter III, the acoustic pips were
presented at a 90° phase-angle re a 50-Hz sinusoid. The pips were pre-
sented at a level which produced from 75 to 85% correct responses in the
absence of the 50-Hz tone. In the experimental conditioms the pips were
presented at that same level while the 50-Hz tone was presented at various.
subliminal levels and to the same ear as the pips. Four of the observers
received the pips in the right ear and four teceived them in the.left.

A SSE was noted for each of the observers. This finding supports
the results of Deatherage and Henderson (1967). When the effect of the
level of the on-going 50-Hz tone was evaluated, it was noted that the SSEZi.
bfoke down when the 50-Hz tone was between -20 and -30 dB SL. These re-
sults suggest that the SSE is present at lower intensity levels qﬁzghgfbp{j fi

going 50-Hz sinusoid than previously anticipated. Analyses of-ear;differ?}
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erces revealed thatlthe right-ear group of observers demonstraéed a
éigﬁificapﬁly greater SSE than thekleft-ear-group.' This regult was un;
expectéd and a reason for tﬁe oufbome could not be establishgd.

Speculations are offered ?elative to the reasons why the SSE
was not observed at lower levels. On the basis of the literature re-
' viewed in Chapter II, it was assumed that the movement of the basilar
membrane is responsible for the SSE during monotic stimulation. Perhaps
at a level between -20 and -30 dB SL, a 50-Hz on-going sinusoid no longer
moves the basilar membrane sufficiently and, as a result, the perception
of Qnother incoming signal may not be affected. Alternatively, the noise
floof of the test chamber in the octave bandé around 50 Hz was reached at
a level between -20 and -30 dB SL in this experimental study. _As a re-
sult, the 50-Hz tone méy have had no more effect upon- the basilar membrane
than the noise in aiffequency band around 50 Hz.

- Whatever the caﬁse of the SSE, the findings in Preiiminary Study
Two have several iﬁplicatiéns. An on-going; low-frequency{ subliminal
signal as low as ~20 to -30 dB SL can influence the detectability of other
brief acoustic signals duriﬁg monotic stimulation. Thus, thorough analy-
ses of the sounds present in the earphonés and in the research chamber are
essential for all signal-detection and threshold experiments involving
very brief acoustic signals. Since subliminal tones can affect detecta-
bility or threshold, perhaps the maximum allowable noise levels in sound
. treated rooms used for such studies should be re-evaluated.

The resulté of freliminary Studies One‘and Two suggest that a
50-Hz tone greater tham 5 dB SL in one ear could affect the detectability
of.brief acoustic pips in the opposite ear because it could have an inten-

sity greater than -30 dB SL in the pip ear (assuming an IA of 35 dB).
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There is need for further research in this area. Various on-going sinus-
oids should be studied to determine the range of frequencies over which
the éSE can be observed. Studies of various low-noise levelsbin the oc-
tave ban&s around 50 Hz are needed to find if the level of the noise in
those bands determines the level at which the SSE breaks down.

The Major Study was designed to investigate the effects of the
phase relationship betw=en the pips and the on-going 50-Hz tone during
monotic and dichotic presentations. The same apparatus, procedures, and
observers were utilized as those utilized in Preliminary Study Two. Acous-
tic pips‘were presented to one ear at 90° and 270° re a 50-Hz tone pre-
sented to either the ipsilateral or contralateral ear. Four of the ob-
servers received the 50-Hz tone aé -10 dB SL and four received it at 5 dB
SL during the experimental-treatment runs. Two observers in each group
received the pipé in the right ear and two in each group receive& them in -
the left.

The finding that the 90° Monotic treatment led to a SSE was con-
firmed in the Major Study. However, the 270° Monotic treatment resulted
in neither sensitization nor desensitization. The latter result does not
support the findings of Deatherage and Henderson (1967). The effect of
the 90° Monotic treatment upon detectability was essentially the same
whether the 50-Hz tone was presented at -10 or 5 dB SL. Similarly, the
effect of the 270° Monotic treatment was essentially ﬁhe same at those
two sensation levels. The 90° and the 270° Dichotic treatments led to
significant and essentially equal amounts of desensitization whether the
50-Hz tone was presented at -10 or 5 dB SL., 1In this étudy, no significant
differences in performance were noted between the observers who listened

with the right ear and thbse who listened with the left ear.
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The results obtained during the Major Study suggest that, what-
ever the mechanism for sensitization, during the 90° Monotic treatments
the -10-dB SL 50-Hz tone had the same effect upon the detection of the
brief acoustic pips as the 5-dB SL 50-Hz tone. Apparently, by the time
the 50-Hz tone reaches 5 dB SL, it has no more influence upon the detec-
Atioﬁ of the pips than it does at ~10 dB SL. This suggests a need for
further studies with the 50-Hz tone presented at =10 to 5 dB SL in order
to determine whether the function actually is asymptotic between those
levels.

Unlike the monotic presentations, the dichotic presentatioms
led to a remérkablé degree of desensitization. This finding does not
support the dichotic sensitization findings of Hughes (1938) but adds to
the dichotic desensitization findings of Zwislocki et al. (1967). Since
essentially the same amounts of desensitization were observed for the
supraliminal and subliminal groups of observers during dichotic presen-
tations, further research on the effects of contralateral presentations
of various low-level 50-Hz sinusoids is indicated. Approximately the same
amount of desensitization occurred at the two phase angles during dichotic
presentations. It is believed that the.observed desensitization resulted
from neural in%eraction. Within the limitations of this study, the phase
relationship of the pips to the on-going 50-Hz tone does not appear to
have an important effect upon neural interactica during dichotic stimula-
tion. However, more studies of this kind should be completed with other
phase relationships before a definite coﬁclusion can be reached relative
to the role of phase on the detectability of pips during such dichotic

stimulation.

A significant difference in performance between the right-ear
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and left-ear groups of observérs did not occur in the Major Study as it
had in Preliminary Study Two. Nevertheless, a trend in the same direc-
tion was observed. Fufther studies should be conducted in>an attempt to
resolve this question. In future research of this kind, it would behoove
the investigator to allow all observers to listen to the.pips in each ear
during half of the presentations. Balanced signal detection studies of
ear differences across a singlg group of observers are suggested because
signal detection techniques allow the investigator td‘obSéfve very subtle.

differences in performance.
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TABLE 6

BALANCED ORDER OF TREATMENTS BY OBSERVERS
IN PRELIMINARY STUDY TWO

Observer Test " Treatment* Order.Across Periods
Number Ear 1 ) 3 4 5 6 7 8
1 Right
‘ R 2 1 C R 4 3 C
6 Left
3 Right '
R 1 3 c R 2 4 C
2 Left
3 Right g 4 2 c R 3 1 cC
4 - Left
7 Right
3 4 c R 1 2 C
8 Left
* R - Reference Condition 2 - Experimental Condition Two
" C - Control Condition 3 - Experimental Condition Three

1 - Experimental Condition One 4 - Experimental Condition Four
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TABLE 7

BALANCED ORDER OF TREATMENTS BY OBSERVERS
IN THE MAJOR STUDY

Group A (Subliminal)v Group B (Supraliminal)
Observer. '

Pe 1 2 3 4 5 6 7 8
. Numbex .
iod —
Test Ear R L R L R L R L
Session I
1 R R R R R R R R
2  Order 1 & 2 3 1 4 2 3
3 of 2 3 4 1 2 3 4 1
4  Treat- c c c c ¢ C c’ o
5 ments¥ R R R R R R R R
6 Across 3 2 1 4 3 2 1 4
7 Periods 4 1 3 2 4 1 3 2
8 ' Cc Cc C C C C C C
‘Session IT
1 R R R R R R R R
2 Order 4 2 3 1 4 2 3 1
3. of 3 4 1 2 3 4 1 2
4  Treat- C C C C C c C C
5 ments¥ R R R R R R R R
6 Across 2 1 4 3 2 1 4 3
7 Periods 1 3 2 4 1 3 2 4
8 C C C C C C C C
Session III
1 R R R R R R R R
2 Order 2 3 1 & 2 3 1 4
3 of 4 ‘1 2 3 4 1 2 3
4 Treat- - C c C c c Cc C c
5 ments¥ R R R R R R ‘R R
6 Across 1 4 3 2 1 4 3 2
7 Periods 3 2 4 1 3 2 4 1
8 C C C i C C C C
Session IV _
1 R R R R R R R R
2  Order 3 1 4 2 3. 1 4 2
3 of 1 2 3 4 1 2 3 4
4  Treat- C C C C C C C C
5 ments¥* R R R R R R R R
6 Across 4 3 2 1 4 3 2 1
7 Periods 2 4 1 3 2 4 1 3
8 C c C C C C C C
*R - Reference Condition 2 - Experimental Condition Two
C - Control Condition 3 - Experimental Condition Three

.1 - Experimental Condition One 4 - Experimental Condition Four
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TABLE ‘8

PER CENT CORRECT SCORES FOR RIGHT-EAR, LEFT-EAR, AND BOTH
GROUPS OF OBSERVERS IN PRELIMINARY STUDY TWO

Groups Observ- Sta- Reference -10 dB -20 dB Control Reference =30 dB = -40 dB Control

ers tistic One SL SL One . Two SL SL Two
1 86 96 93 84 84 89 84 87
_ 3 85 94 88 84 83 83 85 83
Right 5 87 99 94 87 88 92 89 87
7 79 89 85 78 77 79 80 79
Ear Range 79-87 89-99 85-94  78-87 77-88 79-92 80-89 79-87
Mean 84.25 94.50 90.00 83.25 83.00 83.75 84.50 84.00
Median 85.50 95,00 90.50  84.00 83.50 86.00 84.50 85.00
2 82 88 85 84 80 85 82 82
4 81 92 85 83 87 84 81 86
Left 6 84 92 90 84 85 84 84 87
- 8 81 84 83 76 76 81 80 80
Ear Range 81-84 84-92 83-90 76-84 76-87 81-85 80-84 80-87
Mean 82.00 89.00 85.75 81.75 82.00 83.50 81.75 83.75
Median 81.50 90.00 85.00 83.50 82.50 84.00 81.50 84.00
Range 79-87 84-99 83-94  76-87 76-88 79-92 80-89 79-87
Both Mean 83.13 91.75 87.88 82.50 82.50 . 84.63 83.13 83.88

Median 83.00 92.00 86.50 84.00 83.50 84.00 83.00 84.50




TABLE 9

PER CENT CORRECT SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS
OF OBSERVERS IN THE MAJUR STUDY (SESSION ONE)

Ob-~ Reference 90° 90° Control Reference 270° 2700°. Control
Group server Statistic One Monotic Dichotic One Two ‘Monotic Dichotic Two
1 89 93 83 86 85 80 73 88
S
U 2 80 84 53 84 79 85 60 78
B
L 3 89 98 84 91 91 87 78 89
I
M 4 88 92 54 89 82 90 71 79
; Range 80-89 84-98  53-84 84-91  79-91 80-90  60-78  78-89
A Mean 86.50 91.75 68.50 87.50 - 84.25 85.50 70.50 " 83.50
L Median 88.50 92.50 68.50 87.50 83.50 86.00 72.00 83.50
S 5 90 93 50 86 92 93 54 94
U
P 6 85 80 52 88 83 86 73 84
R
A 7 - 85 93 87 82 84 77 86 87
L . -
I 8 81 88 50 84 . 75 78 S4 78
M -
I Range 81-90 80-93 50-87 82-88" 75-92 - 77-93 54-86 78-94
N Mean 85.25 88.50 59.75 85.00 83.50 83.50 66.75 85.75
A
L

Median 85.00 90.50 51.00 85.00 83.50 82.00 63.50 85.50
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TABLE 9 (Continued)

‘PER CENT CORRECT SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS
) OF OBSERVERS IN THE MAJOR STUDY (SESSION TWO)

Ob- Reference 90° 90° ‘Control Reference 270° 270° Control
Group server Statistic One Monotiec Dichotic One Two Monotic Dichotic Two
s 1 80 88 70 - 78 79 78 76 T 76
g 2 80 83 50 81 80 - 86 51 82
% 3 87 96 81 84 87 97 79 81
? 4 80 89 67 85 83 90 58 78
2 Range 80-87 83-96  50-81 78-85  79-87 78-97  51-79 76-82
L Mean 81.75 89.00  67.00 82.00  82.25 87.75  66.00 79.25
Median 80.00 88.50  68.50 82.50  81.50 88.00  67.00 79.50
S 5 89 98 53 90 85 84 49 88
U
.i 6 80 88 78 84 80 88 70 83
ﬁ 7 74 87 68 75 78 72 67 82
I 8 84 90 68 80 83 79 54 80
M f <
I Range 74~89 87-98  53-78 75-90  78-85 72-88  49-70 80-88
2 Mean 81.75 90.75  66.75 82.25  81.50 80.75  60.00 83.25
L Median 82.00 89.00  68.00 82.00  81.50 81.50  60.50 82.50

¢01



TABLE 9 '(Continued)

PER CENT CORRECT SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS

OF OBSERVERS IN THE MAJOR STUDY (SESSION THREE)

Reference

'90°

Ob- 90° Control Reference 270° 270° Control
Group server Statistic One Monotic Dichotic One Two Monotiec Dichotic Two

s 1 91 97 - 81 90 92 89 83 90
g 2 78 84 64 78 82 77 60 83
L 3 83 86 75 83 85 85 80 83
1
? 4 85 87 52 82 83 90 59 79
N Range 78-91 84-87 52-81 78-90 82-92 77-90 59-83 79-90
i Mean 84.25 88.50 68.00 83.25 85.50 85.25 70.50 83.75

: Median 84.00 86.50 69.50 82.50 84.00 87.00 70.00 83.00
S 5 88 92 62 84 86 89 66 84
U
P 6 80 87 61 82 82 82 67 80
R
A 7 81 97 84 82 74 80 69 81
L
I 8 82 78 56 79 78 86 64 71
M :
1 Range 80-88 78-97 56-84 79-84 74-86 80-89 64-69 71-84
N Mean 82.75 88.50 65.75 81.75 80.00 84.25 66.50 79.00
é Median  81.50  89.50  61.50 82.00 84.00  66.50  80.50

80.00
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TABLE 9 (Continued)

PER CENT CORRECT SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS
OF OBSERVERS IN THE MAJOR STUDY (SESSION FOUR)

Ob- _Réference 90° | 90° Control Reference 270° 270° Control
Group server Statistic One Monotic Dichotic One Two Monotic Dichotic Two
) 1 82 90 73 o4 86 81 72 81
v 2 85 90 60 8 80 84 70 82
? 3 84 99 78 82 .75 98 84 79
¥ 4 86 76 70 89 80 88 68 83
E Range 82-86 76-99  60-78 82-89  75-86 81-98  68-84 79-83
L Mean 84.25 88.75  70.25 84.75  80.25 87.75  73.50 81.25
Median 84.50 90.00  71.50 84.00  80.00 86.00  71.00 81.50
s 5 89 97 60 89 82 99 65 87
U
P 6 88 94 75 86 78 82 68 77
R
A 7 80 89 74 75 81 68 53 82
L _
I 8 78 82 71 81 78 70 62 75
M ~
1 Range . 78-89 82-97  60-75 75-89  78-82 68-99  53-68 75-87
N Mean 83.75 90.50  70.00 82.75  79.75 79.75  62.00 80.25
h
L

Median - 84.00 91.50 72.50 83.50 79.50 76.00 63.50 79.50

%01



TABLE 9 (Continued)

PER CENT‘CORRECT-SCORES FOR SUBLIMINAL AND SUPRALIMINAL GROUPS
- OF OBSERVERS IN THE MAJOR STUDY (ACROSS SESSIONS)

"~ Ob- _ Reference  90° : 90° Control Reference 270° 270° Coﬁtrol
Group server - Statistic One Monotic Dichotic One Two Monotic Dichotic Two
S Range . %8-91 76-99 50-87 78-91 75-92 77-98 51-86 76-90
' g 1-4 Mean 84.19 89.50 68.44 84.38 83.06 86.56 70.13 81.94
% Median 84.25 89.25 69.00 83.25 82.50 86.50 70.50 82.25
M
--;------------—----—------~-----—-~-—--—f ------------------------------------------------------------
U Range 74-90 78-98 50-87 75-90 74-92 68-99 49-86 71-94
g Mean 83.38 89.56 65.56 82.94 81.19 82.06 63.81 _82.06
i > 8 Median 83.00 90.00 64.75 82.75 80.75 81.75 63.50 81.50
u
B Range . 74-91 76-99 50-87 75-91 74-92 68-99 49-86 71-94
g 1-8 Mean 83.78 89.53 - 67.00 83.66 82.12 84.31 66.97 82.00
H

- Median 84.00 89.75 68.50 83.00 81.50 85.00 66.75 - 82.00
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APPENDIX C
STATISTICAL ANALYSES

Preliminary Study Two: Extent of the SSE

The Reference scores for all observers were tested against the

Control scores for all observers with the Sign Test (Siegel, 1956, 68~
75). The scores of all observers obtained in the -10-dB SL, -20-dB SL,
-30-&B_SL, and -40-dB SL treatments also were tested against the Refer-
ence and Control values with the Sign Test. The latter procédure was
éccomplished by examining the difference between a treatment score and
the Reference score when that treatment occurrgd at Period 2 or Period‘6
and by examining the difference between a treatment score and the Con-
trol score whei that treatment occurred at Period 3 or feriod 7. A
summary of the Sign Tést analysis appears in Table 10 which follows.

| The Reference and Control values £or all observers were adjusted
by obtaining the mean of the one Reference score and the one Control
score in eaéh half-seésioﬁ.A-This value was then subtracted from each of
the two trea#ment scores in that half-session. An Analysis of Variance
with Repeated Measu;ements‘(Wingr, 1962, 554-562) was performed on these
differences. The effect of treatment order also was studied in that
analyéis. Furthermore, the scores of the four right-ear observers were .

compared with the scores of the left-ear observers. In additionm, the

107



108

ear by treatment interaction was evaluated. A summary of the results of

this Analysis of Variance appears in Table 11.

TABLE 10

SIGN TEST COMPARISONS OF REFERENCE, CONTROL, AND TREATMENT.
SCORES FOR PRELIMINARY STUDY TWO

Comparison P
Control vs Reference NS
=10 dB SL vs Reference and Control 0.004
=20 dB SL vs Reference and Control 0.004
-30 dB SL vs Reference and Control NS.
-40 dB SL vs Reference and Control NS

TABLE 11

ANALYSTS OF VARIANCE OF PRELIMINARY STUDY TWO WITH REPEATED
MEASUREMENTS USING THE MEAN OF THE REFERENCE AND
CONTROL DATA AS THE BASIS FOR COMPARISON

‘Source af SS MS F P
Among Observers 7 73.47
Ears 1 47.53 47.53 11.00  0.025
Error 6 25.94 . 4.32
Within Observers 24 422,75 |
Order (time) 3 6.59 2.16  €£1,00 NS
-10 & -20 vs ~30 & =40 1 325,50 325.50 94.90  0.005
-10 vs -20 1 31.60 31.60 9.21  0.010
-30 vs =40 1 0.80 0.80 <1,00 NS
Ear X Treatment 3 14.03 4.68  1.36 NS

Error ' 13 44.60 3.43 .
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Major Study

The Reference scores for all observers were tested ag_aii_nst the
Control scores for ali observers with the Sign Test (Seigel; 1956, 68-
75). ‘i‘he scores of all observers obtained in the 90° Monofic, 90°
Dichotic, 270° Monotic, and 270° Dichotic treatmenté also were tested
againét- the Reference and Control values with the Sign Test. The lat-
ter procedure was accomplished in the same manner that it was in Pre-
liminary Study Two. A sumnmary of thé Sign. Test anaiys_is appears in =~ -

Table 12 ‘wli:»’..;:h.ffc;l]..'ows .

TABLE 12

. SIGN TEST COMPARISON OF REFERENCE, CONTROL, AND TREATMENT
; SCORES FOR MAJOR STUDY

Comparison P
Control vs Reference ' - NS
90° Monotié vs Reference and Control : . 0,001
90° Dichotic vs Reference and Control ‘ 0.001

- 270° Monotic vs Reference and Control NS

270° Dichotic vs Reference and Control ' ' 0.001

The Reférence and Control values for all obs.ervefs were‘ adjusted
by obtaining the mean of .the bne Reference score and the one Control |
score in each half-session. This v‘alue> was tﬂhen subtracted from eééh of
the two i:reatment scores in that half-session. Another Analysis of Vari-
ance with Repeated Meas‘ﬁrements (Winer, 1962}, 349-‘351)‘was_perfc_a'med.

The values obtained in the Monotic and Dichotic modes were éomﬁafe'd. The
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scores obtained at the 90° and 270° phase.angles were compared, also.
The'mode by phase interaction was evaluated. The effect 6f treatment
or&ef was evaluéted in that analysis as was the effect of sessions
(days). | |

| This pérticular an;lyeis allowed comparisons among the scores
obtained b& the four sdbliminal-level observers ahd those~obtained by
.the four-supraliﬁinal-level observers. In additionm, the'sqoreé of the
féur_right~ear observers were compared with the scores of the four left-
ear observers. The level by ears interaction was evaluated. The mode
by Ievels, the mode by ears, and the mode by levels by ears inferactions
were studied. Furthermore,kthe phase by levels interaction, the phase by
.earS‘interactidn, and the phase by levels by ears intefaction were evalu-
ated. .The mode by phase by levels, ﬁhe mode by phase by ears, and the
mode by phase by levels bf ears interactions were stﬁdiéd, also. The
drder by levels interaction, the order by ears interaction, and the or&er
by levels by'éa:s interaction were evaluated. Fiﬁally; the session by
levels, thevsession'by ears, and the sessiom by levels by ears interac-
tions were étudied. A summéry‘of the results of this Anélyéis of Variance

~appears in Table 13 which follows.
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TABLE 13

ANALYSIS OF VARIANCE OF THE MAJOR STUDY WITH REPEATED MEASUREMENTS
USING THE MEAN OF THE REFERENCE AND CONTROL DATA
AS THE BASIS FOR COMPARISON

Source af SS MS F P
Among Observers 7 2409.12
Levels (sub vs supra) 1 173.45 173.45 <1.00 NS
Ears (right vs left) 1 556.95 556.95 1.99 NS
Levels X Ears 1 556.94  556.94 1.99 NS
Error 4 1121.78 280.45
Within Observers 120 19406.07
- Mode (Monotic-Dichotic) 1 12640.50 12640.50 40.60 - 0.01
Mode X Levels 1 38.28 38.28 <1.00 NS -
Mode X Ears 1 231,12 231.12 <K1.00 NS
" Mode X Levels X Ears o1 586.54  586.54 1.88 NS
" Mode X (S/Cells) . - 4 1245.31 311.33 :
Phase (90° vs 270°) 1 264,76 244,76  3.70 NS
Phase X Levels 1 86.13 86.13  1.30 NS
Phase X Ears 1 233,81 233.81 3.53 NS
Phase X Levels X Ears -1 4,14 4.14 <1,00 NS
Phase X (S/Cells) 4 264,97 66.24
Mode X Phase 1 215,28 215.28 23,15 0.01
Mode X Phase X Levels 1 2.53 2.53 £1.00 NS
Mode X Phase X Ears 1 18,01 18.01 1.94 NS
Mode X .Phase X Level X Ear 1 1.12 1.12 <1.00 NS
Mode X Phase X (8/Cells) 4 37.19 9.30 '
Order (time)- 3 - 100.16 33.39 1,51 NS
Order X Levels: 3 151.79 50.50 2,28 NS
Order X Ears 3 7.16 2,05  <£1.,00 NS
Order X Levels X Ears 3 89.79 29.93 1.35 NS
“ Order X (S/Cells) 12 265.79 22.15
Sessions (days) 3 278.71 92.90 1.22 NS
Sessions X Levels -3 157.21 52.40 <£1.00 NS
'Sessions X Ears 3 24.71 = 8.24 41,00 NS
Sessions X Levels X Ears 3 331.59 110.53 1.46 - NS
Sessions X (S/Cells) 12 910.09  75.84 -
48 1189.38

- Residual




