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AN INVESTIGATION OF THE LOUDNESS CHANGES PRODUCED

IN A PURE TONE BY CONTRALATERAL THERMAL NOISE

INTRODUCTION

There are many psychophysical studies reported in the litera-
ture related to the effects of contralaterally-applied stimuli on the
loudness of a stimulus applied to the test ear (1, 2, 4, 5, 7, 8, 24, 27,
28, 29, 35). Most of these studies have been motivated by a desire to
measure the attenuation provided by the acoustic reflex. This reflex
is bilateral, that is, presentation of a reflex-eliciting stimulus to one
ear produces the reflex in both ears. Therefore, it was thought that
measurement of the loudness reduction or the threshold increase pro-
duced in one ear by the presentation of an intense stimulus to the op-
posite ear would provide a measure of the attenuation provided by the
reflex. Some studies (2, 4, 17, 28, 29) have shown the expected
loudness decrease. However, the resuits of similar studies (7, 24, 27,
35) show loudness increases under the contralateral stimulus condition

Some of the apparently conflicting results may be explained
on the basis of the different conditions and procedures used in these

1



studies. For example, in all of the studies showing loudness decreas-
es in the presence of contralateral noise comparatively low-frequency
test tones were used. This decrease is part of the evidence which sup-
ports the conclusion that the acoustic reflex has maximum effect on
low;-frequency tones and has a negligible effect on tones of 1000 Hz and
higher (19).

Prather (24) and Vigran (35) included in their experiments
conditions under which the level of the contralateral broad or narrow-
band noise was held constant and frequencies both above and below 1000
Hz were used as test stimuli. Results showed loudness increases for
the higher-frequency test tones and equal or decreased loudness when
lower-frequency test tones were used.

A review of those studies using speech or tones of 1000 Hz and
above as test stimuli (7, 24, 27, 35) suggests that the relationship be-
tween the intensity of the noise and the intensity of the test stimulus is
a major factor in determining the extent of the loudness increase in the
tesgt stimulus,

Egan (7) obtained a maximum loudness increase of 6 dB at a
speech sensation level (re. threshold of detectability) of 45 dB and a
noise sensation level of 80 dB (i.e., approximately 90-dB SPL).
Vigran {35) ocbserved a maximum loudness increase of about 7.5 dB for
a 1100-Hz tone at a level of 70 dB SPL when a 1/3-octave band of con-

tralaterally presented white noise was held constant at 100 dB SPL.
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In another experiment in which the tone level was held constant at 80
dB SPL, Vigran found that the maximlim loudness increase occurred at
a noise level of 105 dB SPL.

Using a numerical magnitude balance procedure, Rowley (27)
obtained the greatest increases in loudness at 1000-Hz tonal sensation
levels of 42 and 56 dB in the presence of broad-band noise delivered at
sensation levels of 80 and 100 dB, respectively.

Despite a number of procedural differences, the results of
the foregoing studies all support the following generalizations:

(1) the perceived loudness of speech or tonal stimuli heard
in one ear is, under certain conditions, increased by the presenvce of
broad-band or narrow-band thermal noise presented to the opposite
ear.

(2) the loudness increase is most apparent at frequencies
1000 Hz and above and for noise stimulus levels above 40 dB SL.

(3) the maximum loudness increase occurs when the contra-
lateral noise stimulus is some 30 to 45 dB more intense than the test
stimulus.

Rowley (27) obtained loudness functions of a 1000-Hz tone in

quiet and also in the presence of four different levels of contralateral

mum loudness increase may occur when the test stimulus is at a level

which is equal to the spectrum level of the noise. An analysis of the
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results of Vigran's study (35) supports this generalization when both
the test stimulus and noise level are expressed relative to a common
reference. For example, Vigran's contralateral noise stimulus was a
1/3-octave band of thermal noise with a center frequency of 2500 Hz
which did not overlap the frequency of any of the test tones. Yet the
loudness increases of from 7- to 8-dB obtained in this study are simi-
lar in magnitude to those found under certain conditions in another
study where the bandwidth of a contralateral noise encompassed the
frequency of the test tone (24). The bandwidth of Vigran's 1/3-octave
noise was 560 Hz, or approximately 27 dB. When this value is sub-
tracted from the overall level of 105 dB it yields a level per cycle of
78 dB, which is very close to the 80-dB SPL tone level at which the
maximum loudness increases were observed.

The results of Egan (7), who used a speech test stimulus,
also seem to support Rowley's generalization but suggest for speech
signals that the overall level of the test stimulus may be the determin-
ing factor instead of spectrum level. However, a lack of specification
of signal reference levels make a detailed comparison hazardous.

The loudness increases produced in pure-tone test stimuli by
contralateral noises require further study. The results of previous
studies suggest that certain generalizations (listed above) might be
reached, but, because of procedural differences, such generalizations

are tenuous. The purpose of this investigation was to evaluaie ihe



loudness change produced in test tones by both a broad and a narrow-
band noise when each was presented at one level which should elicit
the acoustic reflex and at one level which should not. The test stimuli
consisted of one tone (500 Hz) which should be affected by the reflex
but which was below the narrow(one-octave) band in frequency, one
tone (1000 Hz) which was at the center of the narrow band, and one
tone (2000 Hz) which was higher in frequency than the narrow-band
noise. Also, certain procedural variables were studied in order to

determine the effect of these variables on the apparent loudness change.



CHAPTER II

Introduction

According to Stevens and Davis (33, P110), ''loudness is an
aspect of sensation obtained by listening directly to a sound. ' It is
measured '"by means of the discriminatory responses of a normal hu-
man observer.'" This general definition describes the very subjective
nature of loudness measurements.

Indeed, the cumulative research to date has shown that in
order to measure some aspect of loudness accurately an experimentor
must carefully control not only the physical parameters of intensity,
waveform, frequency, etc., but must also consider such physiological
and psychological factors as the sensitivity of the sense organ and the
attention, comfort, alertness, motivation, homogeneity and training
of the listeners. In the design of any research study it is helpful to
the experimentor to know as much about these conditions as possible--
especially as they relate to the phenomenon {or phenomena) being in-
vestigated.

Th
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7
the loudness change that occurs when one of two tones being delivered
at supra-threshold levels to the same ear is paired with a contralater-
al noise. Only a few previous studies have been concerned with this
auditory task (22, 27, 29, 35). Direct comparisons of the results of
these studies are difficult, since different psychophysical procedures
were used and the physical parameters used varied across the studies.
However, certain relationships which do exist among these studies
will be reviewed in this chapter. Attention will be given especially to
the various frequency, intensity and spectral conditions which are as-
sociated with the magnitude and direction of the loudness change.

Some Basic Mechanisms Related to Loudness Changes
in the Presence of Contralateral Noise

The loudness changes observed in the presence of noise des-
cribed in this chapter appear to result from an interaction between any
or all of three basic mechanisms of audition. These are binaural
loudness summation, the acousi:ic reflex, and various types of mask-
ing. The first is usually identified with loudness increases exper-
ienced by subjects under certain listening conditions. The second and
third are associated with loudness decreases. Each of these mechan-
isms has been the object of extensive research. The initial section of
this chapter is included in order to provide a brief summary of the
basic definitions and recognized characteristics of each of these mech-

anisms.



Binaural Summation of Lioudness

During the past century several investigators have observed
that identical tones heard simultaneously in the two ears sound louder
than does one tone heard in one ear alone. This principle and these
studies are reviewed by Hirsh (11) who suggests that "interaural sum-
mation'' might be a more descriptive term, since it is based upon an
interaction between the two ears. However, the more familiar term
will be used in this study.

The monaural vs binaural loudness level relationship was
quantified in 1933 by Fletcher and Munson (8) who concluded that a tone
heard simultaneously in both ears is twice as loud as the same tone
heard in one ear in quiet surroundings. These authors reasoned fur-
ther that the loudness of a sound is probably dependent on the total num-
ber of impulses that reaches the brain per second along the auditory
tract. Thus, stimulation reaching the cortex via the two auditory sys-
tems would present twice as many impulses per second as through one
ear and, therefore, would sound twice as loud.

More recent works by Reynolds and Stevens (26) and others
(9, 10, 27) show that the relationship mentioned above is not so simple
as that suggested by Fletcher and Munson (8). Reynolds and Stevens
determined loudness functions using five different kinds of psychophysi-
cal procedures and discovered that the binaural loudness of a 1000-Hz

tone in quiet ranges from about 1.4 times as great as monaural



loudness at sensation levels of 40 dB to 2. 3 times as great at levels of
about 100 dB SL. The dependence of the extent of the binaural summa-
tions on sensation level was also demonstrated by Causse and Chavasse
(5) who used monaural-binaural loudness balances to discover that the
3-dR difference in favor of the binaurally-presented tone at threshold

gradually became a 6-dB difference at levels of 35 to 65 dB.

The Acoustic Reflex

At high intensity levels the middle ear muscles, particularly
the stapedius, contract and change the impedance properties of the
middle ear mechanism in such a manner as to reduce the intensity of
the sound reaching the inner ear (2, 4, 6, 14, 15, 16, 18, 19, 20, 24,
25, 36, 37, 38, 39). The literature on the acoustic reflex is exten-
sive and has been summarized by Jepson (14) and others (20, 38).
Thus, it is not reviewed thoroughly here. However, a few basic char-
acteristics of the acoustic reflex that relate to the present study are
reviewed.

First, the reflex is elicited only by relatively intense sounds.
The reflex threshold in normal ears varies with frequency, ranging
from 70 to 75 dB SL in the mid-frequency range to 90 to 95 dB SL at
low and high frequencies {6, 14, 16, 19). The threshold has been
found to vary widely among individuals at a given frequency (6, 14).

It has been known for nearly 100 vears (23) that the
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contraction of the middle ear muscles in animals is bilateral--that is,
the muscles on both sides will be activated by a tone presented to one
ear only. The discovery by Luscher (18), in 1929, that this bilateral
characteristic also pertains to man opened the door for many studies
which used contralateral arousal stimuli to determine the effect of the

acoustic reflex on various stimulus parameters presented to the test
ear.

Other investigators (21, 25, 32) have discovered that the re-
flex can also be elicited voluntarily by certain individuals, producing
threshold shifts ranging from 25 to 35 dB SL at the low frequencies to
no shift at 2000 Hz and above. ILoeb and Riopelle (17) suggested that
this ability of some subjects to produce threshold shifts by voluntary
contraction of the middle ear muscles might possibly confound certain
results in reflex studies. Further attention is given this phenomenon
in Chapter IV.

Pure tones, even at high levels, have been found to be rela-
tively ineffective in producing sustained reflex activity (36). Ward (36)
investigated the relative effectiveness of various bands of contralateral
noise in arousing the acoustic reflex. Low-frequency noise bands pro-
duced more reflex activation than high-frequency bands. Varying the
bandwidth of the arousal noise had very little effect on the acoustic re-

flex. An important variable was the lower cutoff frequency of the noise

band. The noise band becomes more efieciive in altering thresholds
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as the low-frequency cut off is reduced toward 500 Hz. It was also
found that a 500-Hz tone was attenuated more by the reflex than were
tones of adjacent frequencies. This relationship held true for all
bands of the remote arousal noise, all of which were above the fre-
quency of the 500-Hz tone.

On the basis of this brief summary of the characteristics of
the acoustic reflex one would expect the greatest attenuation caused by
the acoustic reflex (1) to occur for a low (500-Hz) tone of high inten-
sity, (2) to occur in the presence of a steady wide or narrow band of
contralateral noise, the lower cutoff frequency of which either includes
the 500 Hz tone or is close to it, and (3) to occur when the intensity of
the noise is about 30 dB above the reflex threshold of 70 to 80 dB in

the mid-frequency region.

Masking
Masking represents a change in the threshold of one sound due
to the presence of a second sound. Several different types of masking
are defined by Ward (37, P. 245) as follows:

What is usually meant by '""masking'' is ipsilateral direct mask-
ing; this occurs when the masker and maskee are (a) in the
same ear and (b) in the same frequency region. Remote mask-
ing describes threshold shifts in the same ear produced by a
masker in a different frequency region from that of the maskee.
Transcranial masking comes about because the ears cannot be
completely insulated from each other acoustically: the masker
leaks around the head and produces masking in the opposite
ear. Central masking, similarly, arises because the two ears
are not insulated neuroliogicaily; if the presence of a masker in
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one ear at an intensity too low to pruduce transcranial masking
nevertheless does raise the threshold in the other ear, this pre-
sumably occurs because some of the final common neural path-
ways usually available to the unmasked ear are preempted by
the masking noise. Both transcranial and central masking are
contralateral phenomena, in the sense that the masker is in one
ear, the maskee in the other; they beth may be either direct or
remote, depending on the {requencies of the masker and maskee.

Loudness Change with Contralateral Noise

While investigating the effects of interaural pkasc on loudness
measurements, Hirsh and Pollack (13), in 1948, fzund that the intro-
duction of a thermal noise in the contralateral ear will increacse the
loudness of a suprathreshold tone mixed with noise in the test ear. No

such enharncement of tonal loudness was observed when the tene wes
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alune in the test car along with the noise in the opposite ear.
n fact, if the level of the noise in the opposite ear were very loud,

the loudness of the tone in the test ear was reduced, presumably due to
transcranial masking,

IJn 1948 Egan (7) reported a study on the effect of noise being
presented to one ear on the subjective loudness of spcech in the other.
Using the method of adjustment, sixteen subjects varied the level of a
noise in one ear while listening to a prosaic speech sample delivered
at a constant level to the other. In the preliminary study 13 of the 16
subjects reported that speech sounded louder as the level of the cen-
tralateral thermal ncoise was progressively increased to 2 certain lev-

el, above which the spcech began to sound {zinter.
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In a later study, using only two trained, normal-hearing
listeners, Egan designed and carried out a more carefully controlled
procedure in which each listener adjusted the level of one speech
sample until it sounded equal in loudness to a similar prosaic speech
sample that was being delivered alternately at a fixed intensity level in
the same ear. The fixed levels were reported as 15, 25, 35, 45, and
55 dB SL. ! Thermal noise ranging from 20 to 100 dB SL was presented
to the opposite ear during alternate speech samples.

Egan's results fell into a cons'}stent pattern which showed
little or no loudness increase for speech in the presence of contralat-
eral noise with noise levels lower than 40 dB SL. Then, as the noise
level was increased above this value the speech with noise became
louder until a maximum loudness increase was reached, after which
the loudness of the speech seemed to decrease with increasing noise
level. These maximum loudness increases occurred at different noise
levels, depending on the fixed standard speech level. However, what
was most interesting in the light of the present study was the tendency
for the maximum loudness increase in noise to occur when the noise
level was about 35 to 40 dB above the speech level. This effect was

most pronounced at moderate speech levels. For example, the

1Both the speech levels and noise levels given in this study
are reported in sensation level units, i.e., levels above the subjects
own threshold of detectability for speech or noise. Egan estimated
that for these subjects 0 dB SL for speech would approximately equal
10 dB SPL, re .0002 dyne/cm?.
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maximum loudness increase for speech in noise (7 dB) was obtained
when the speech level was 45-dB SL and the noise was delivered to the
contralateral ear at 80-dB SL. Another generalization which can be
made from these data is that there appears to be less loudness in-
crease at high speech levels and at high noise levels. In some cases
even loudness decreases were found at very high noise levels.

Egan offered two possible mechanisms to explain these re-
sults; The first was that when the intra-aural muscles (of animals)
contract bilaterally in the presence of the noise they may, under cer-
tain conditions, produce an amplification effect. It wasn't stated as to
how this might occur in humans. The second mechanism, offered by
Egan as being more plausible, is as follows:

The total impression of loudness in binaural stimulation is great-
er than for either ear alone. Thus the listener cannot 'hear
out' the two components, one from the other, and then assess
the loudness of each component. If the stimuli are markedly
different, however, the loudness of one ear may not sum with
the loudness from the other ear. Thus, if one pure tone is led
to one ear and a pure tone of different frequency is led to the
other, the amount of summation of loudness apparently depends
upon the similarity in frequency between the two tones. Itis
probable, therefore, that a noise in one ear increases the loud-
ness of speech heard in the other ear because of the similarity
between the temporal and frequency characteristics of thermal
noise and speech (7, p. 62).

Egan also reported another study which showed some vari-
ability due, (he thought), to procedural differences. Eight naive sub-
jects made loudness matches for speech with the reference stimulus

presented at a sensaiion level of 45 dD and with the
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70 dB SL. The average increase in the speech-with-noise signal was
compensated for by a 3. 7 dB change in the speech level when it was
followed by the speech with noise. However, when the speech with
noise was followed by the speech alone the speech level had to be in-
creaged hy only 2. 4 dBZ in order to make a loudness match. This in-
dicates that there may be a precedence effect involved. The relatively
small increases found with both procedures when compared with Egan's
first study are probably due to the fact that the speech and contralater-
al noise signals were separated by only 25 dB.

Some remarks were made in Egan's paper about some other
experiments he had done pertaining to (1) the loudness of speech in the
presence of contralateral masking pure tones of various frequencies,
and (2) the effect of contralateral noise on the loudness of pure tones.
With regard to the first, Egan reported no noticeable effect on the
loudness of speech in the presence of high-level contralateral pure-
tone masking, but there was a slight increase in the presence of low-
level tone masking. Interestingly, in the second experiment no in-
crease in the loudness of pure tones was observed in the presence of

contralateral noise. There is no mention of the particular parameters

2It has been found most convenient by Egan and by the authors
of most of the other related studies to express loudness change--not in
tones or loudness units--but in decibels signifying the intensity in-
creases or decreases necessary to obtain equal subjective loudness
between the stimuli being compared. This practice is adhered to in
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used, however.

Among the earliest studies in which loudness changes in the
presence of contralateral noise are reported are those designed to in-
vegtigate the effect of the acoustic reflex. As early as 1941 Bekesy
(2) observed that a low-frequency tone in one ear decreased in loudness
when an intense high-frequency tone was presented to the other. A
decade later Bekesy and Rosenblith (4) reported this same observation
and added that the loudness decreases obtained in the unmasked ear
were on the order of 5 to 10 dB, presumably due to the action of the
acoustic reflex.

Shapley (28), in 1954, used a monaural loudness balance pro-
cedure similar to Egan’s in an attempt to quantify the observed loud-
ness change produced in pure tones as a result of the presence of con-
tralaterally-presented noise as reported by 30 observers. Shapley
describes his procedure as follows: "A 250 cycle tone at a 90 dB sen-
sation level was introduced by phone into the right ear of each observ-
er. Two seconds following the introduction of this tone a thermal
noise was introduced by phone into the left ear, this also at a 90 dB
sensation level. . . . The observers were given five seconds to note
the reduced loudness of the tone while the noise was being delivered to
the opposite ear. The noise stimulus was then terminated suddenly. "
During the 2- to 4-second period that followed the subject ". . . at-

4k bl a b n dm A -~
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to him to be equal to the loudness observed during the presentation of
the noise in the left ear. . . . The subject was then given a 15 second
silent period before the cycle was repeated.' (7, pp 419-420).

The results showed a mean decrease for the 30 observers of
15.1 dB in the loudness of the pure tone which was paired with the con-
tralateral noise. However, the mean loudness decreases for each of
the individual observers ranged from 7.4 dB to 26. 8 dB SL, which in-
dicates the existence of considerable intersubject variability even
though each subject was reportedly consistent in his own re sponses.
Shapley attributed this wide variability to (1) the possibility that the
judgment of some subjects may have been influenced by subjective pitch
changes which they reported (2) differences among subjects in the
threshold of detectibility which would affect the sound pressure level of
the 90-dB tone, or (3) differences among individuals in the ability of
the acoustic reflex to attenuate the level of the tone.

Shapley did a second, more comprehensive study (29) which is
unpublished but which has been reported in part by Prather (24) and
Reger (25). Using a procedure essentially the same as that reported
in his previous study (28) Shapley presented 250-Hz tones at levels
ranging from 60 to 100 dB SL in 10-dB steps both in quiet and in the
presence of four levels of contralateral noise. These noise levels
were 60, 70, 80, and 90 dB SL. According to Reger (25) smaller re-

ductions of loudness were obtained in this second studv. For example,
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at 90 dB SL only a 6-dB mean loudness decrease was obtained as com-
pared with the 15-dB decrease noted in the previous study. Reger also
states that, in the course of experimentation with higher-frequency
test tones, Shapley obtained loudness increases of about 4 dB in the
nresence of contralateral noise (25).

These results of Shapley's were statistically significant with
respect to noise level and frequency, but he found little difference in
loudness change as a function of tone level (29).

Prather (24) did a follow up study to determine if Shapley's
results might have been different if the pitch shifts observed by
Shapley's subjects were controlled. Ten subjects were trained to
carry out monaural loudness balances between a tone appearing in
quiet with a tone appearing in the presence of a 40-dB and a 100-dB SL
thermal noise presented to the opposite ear. Only the tone levels of
20 dB and 80 dB SL were used. Five test-tone frequencies at one-
octave intervals from 250 through 3000 Hz were used. Each of the 20
combinations of the three parameters was given under two conditions;
(1) loudness match alone and (2) a match for both loudness and pitch.
Prather describes the loudness-and-pitch match condition as follows:
", . . The subject was instructed to balance the two tones for both
loudness and pitchby separate controls. . . . he adjusted the tone
first for pitch, then for loudness, or vice versa, and then back and

forth between pitch and loudness adjustments until he feit he had the
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best possible match for both.' (24, p. 186).

The procedure for presenting the stimuli was similar to
Shapley's but differed in that the two-second presentation of the stand-
ard tone-with-noise was followed by only a two-second silent period
hefore the variable comparison tone was presented for two seconds,
thus beginning a new six-second cycle.

The results showed both loudness increases and decreases,
depending upon the stimulus parameters. Loudness increases were
generally obtained at the 40-dB SL noise level and the 20-dB tone level,
especially under the loudness-and-pitch match condition where loud-
ness increases between 6 and 9 dB SL were obtained at all frequencies
and at both noise levels. Loudness decreases were generally obtained
for the 80-dB tones in the presence of the 100-dB noise. The exception
was for the 500-Hz tone under the loudness-and-pitch match condition
where large loudness increases were experienced under the high tone
and high noise level conditions.

The within-subject variation was increased rather than de-
creased when the balances were made for pitch as well as ioudness.
Thus the wide variability between subjects observed in the Shapley
study was not reduced by adjusting for changes in pitch.

Prather's results agree with those of other investigators (7,
27, 35) in showing that greater loudness decreases (or smaller in-

creases) are obtained at high noise levels. He feit that the lack of
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loudness decrease at low noise levels and the decreases of up to 5 dB
obtained at high noise levels added support for his "implicit'' assump-
tion that the binaural acoustic reflex is the mechanism that is respons-~
ible for the observed loudness changes. Prather explained his results
as follows:
Apparently if the noise is of sufficient intensity to activate the
middle ear muscle reflex(es), it may well interact centrally
with the pure tone stimulus in the opposite ear in such a way as
to increase the loudness of the pure tone. Further, if one is
willing to accept the model of Loeb and Riopelle as a reason-
able one, a noise level of sufficient intensity to activate the mid-
dle ear muscles, such as the 100-dB SL, white noise used in
this study, may result in a greater binaural summation of
loudness, greater in magnitude than the attenuation resulting
from muscle contraction. Thus the over-all net effect, upon
the loudness of a pure tone would be a facilitation effect, al-
though perhaps not as great a facilitation as found in the 40-dB
SL noise conditions. The 40-dB SL noise condition is one, of
course, in which essentially no reflex activation would be ex-
pected and hence might be optimal for observation of loudness
facilitation. (24, p. 190)

In agreement with the results of Shapley (29) and Loeb and
Riopelle (17) Prather found significant interactions between loudness
change and the frequency of the test tone. At increasingly higher fre-
quencies greater loudness increases and smaller loudness decreases
were obtained, although the magnitude of change became smaller at
2000 and 3000 Hz.

Loeb and Riopelle {17) reported a study designed to determine

the effects of the acoustic reflex on both threshold sensitivity and loud-

ness. In the loudness balance experiments fixed and variable tones of
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500 Hz were alternately presented to the right ear of 11 sophisticated
subjects at levels ranging from 70 to 105 dB in 5-dB steps. Presented
with the fixed or standard tone, but overlapping it slightly, was an
"activating' tone of 2200 Hz which was presented at a level of 105 dB
in the opposite ear. Each observer was asked to state whether the
comparison tone was fainter than, louder than, or equal in apparent
loudness to the standard tone. Results indicated that the activating
tone had no measurable effect at levels of 70 and 75 dB SL since the
standard and comparison tones were generally reported as equal in
loudness. However, at higher levels of the activating tone there were
more reports that the comparison tone was louder than the standard
tone that was presented with the noise. This would represent a loud-
ness decrease.

In anothe r experiment Loeb and Riopelle set the comparison
tone attenuator so that this tone would be noticeably fainter or louder
than the standard tone which was paired with the contralateral activat-
ing tone. Then each of the 14 subjects continued to make loudness
judgments as the experimenter varied the comparison tone toward and
beyond the '"point of subjective equality.' The results showed that a
relatively louder comparison tone was required to match the level of
the standard tone as the level of the standard tone was increased. The
level of the contralateral activating tone in this experiment was held

at 105-dB SL.. The results of this second study are interesting in that
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only loudness decreases are reported in the presence of the activating
tone. Some individual subjects showed no decrease in the loudness of
the tone appearing with the activating tone until high levels of the test
tone (which was overlapped by the activating tone) were reached. Un-
fortunately, on the basis of what appear to be preconceived ideas, the
authors did not report results for stimulus conditions which might have
shown loudness increases. The median loudness decreases shown
were 7.2 dB at a standard tone level of 100 dB and 8.0 dB at a standard
tone level of 105 dB SL.

The above results were interpreted as being supportive of the
hypothesis that the acoustic reflex acts to attenuate intense sounds
more than faint ones, thus it acts as an energy-limiting device rather
than as a resistive attenuator. Loeb and Riopelle suggested a model
which holds that the greater the excursion of the ossicles the greater
is the counteracting force. Therefore, only the large excursions are
attenuated by the decreased contracted middle ear muscles. However,
they entertain another possibility that some of the subjects might have
had voluntary control over their middle ear muscles and thus they may
have '"unintentionally inhibited the reflex to listen to the softer tones"
(17, p. 609).

Vigran (35) reported a study concerning pure tone loudness
changes produced by contralateral noise which was designed as a pos-

the effect of the acoustic
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reflex. Three separate experiments were reported which were simi-
lar except that the variable parameter differed in each. In the first
experiment the level of the tone was fixed at 80 dB SPL, and that of the
noise at 100 dB SPL. The frequency of the tone was varied between
300 and 1500 Hz. In the second experiment the level of the tone was
again fixed at 80 dB but the frequency was held constant at 1100 Hz.
The noise level was varied between 75 and 105 dB SPL. In the third
experiment the frequency was held constant at 1100 Hz, the noise level
was maintained at 100 dB SPL, and the level of the tone was varied be-
tween 75 and 105 dB SPL. The contralateral noise stimulus was a
1/3-octave band of thermal noise centered at 2500 Hz, chosen because
it would elicit the acoustic reflex at high levels without overlapping
and possibly masking the test tones. A standard tone of one-second
duration was presented one-half second before the comparison tone-
with-noise combination which was also on for one second. A rest
period of two and one-half seconds preceded the next cycle.

In the first experiment 16 normal-hearing subjects matched
the loudness of the ccmparison tone-with-noise with the standard tone
in quiet. The results showed that as the frequency of the tones was
increased there was a corresponding loudness increase in the tone-
with-noige, ranging from about 1 dB at 250 and 500 Hz to 2 maximum
of about 7.5 dB at 1000 to 1500 Hz. This greater loudness increase as
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binaural summation which cancels out the loudness reduction caused by
the reflex action.

The results of the second experiment showed a gradual in-
crease in the relative loudness of the 80-dB, 1100-Hz tone as it is
paired with progressively higher levels of contralateral noise. A
maximum increase of 7. 0 dB was obtained with noise levels of 100 and
105 dB SPL.

The third experiment yielded results which suggest that the
largest loudness increase occurs at tone levels which approximate the
spectrum level of the noise. Maximum loudness increases of about
7.5 dB were obtained in the presence of the 100-dB SPL narrow-band,
contralateral noise at tone levels of 70 and 80 dB SPL (the spectrum
level of the noise was 78 dB). There wag little difference in loudness
increase at these two tone levels, but smaller loudness increases were
shown at the 60-dB tone level.

Vigran attributed his observed loudness increases to ''some
sort of central interaction' rather than to the acoustic reflex although
the reflex could not be ruled out altogether. He also concluded that
the loudness balance procedure with contralateral noise was not an ef-
fective method for studying the effects of the acoustic reflex.

Vigran's results are at odds with those of Shapley {29) and
Prather (22) who both found loudness decrsases, especially for low-

frequency tones of high intensity, when a tone was heard in the presence
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of a high-level contralateral noise. However, the disagreement be-
tween studies may be more apparent than real. In all three studies
(22, 29, 35) there is agreement that smaller loudness increases or
greater decreases are obtained (1) at lower frequencies, and (2) at
high noise levels and high tone levels. Greater loudness increases are
obtained also when the noise level is from 25 to 45 dB above the tone
level.

Rowley (27) used the numerical magnitude balance me thod of
Hellman and Zwislocki (10) to obtain loudness-intensity functions for a
1000-Hz tone. He used ten trained, normal-hearing subjects who
made loudness judgments both in quiet and in the presence of four dif-
ferent sensation levels of contralaterally-presented thermal noise.

The 12 fixed tone levels used covered a range of from 8 to
100 dB SL in steps ranging from 4 to 10 dB. The range of the 12 tone
levels varied somewhat with each noise level to allow for the masking
effects of high-level noise on low-level tones. The broad-band noise
levels were 40, 60, 80, and 100 dB SL.

Rowley's monaural loudness intensity function obtained in
quiet agreed in shape and slope with those obtained by previous in-
vestigators (10, 26) who used the same psychophysical procedure. His
results showing the effects of different levels of contralateral noise on
the basic loudness-intensity function were also in general agreement

with those obtained by Prather {24) and Vigran {35
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by Egan {7) for speech, despite the very different psychophysical pro-
cedures used in these studies. Rowley found that the rate of loudness
levels ig increased by the presence of the contralateral noise. He
further reported that the ratio of increase in the loudness of the pure
tone produced by the contralateral noise over the loudness of the tone
in quiet grows with increasing levels of noise from about 1. 5 with 40
dB SL of noise to about 2. 6 with 100 dB SL of noise. Rowley also
found that as the tone level is increased toward a given noise level the
relatively greater loudness of the tone with contralateral noise is in-
creased up to a pivotal intensity point, above which smaller loudness
increases are noted. Rowley states that the '"knee'' or pivotal point of
the loudness function curve usually occurs where the pure-tone level is
approximately equal to the spectrum level of the noise. For example,
Rowley's data show a maximum loudness increase of about 12 to 13 dB
obtained under the tone-with-noise condition at a tone level of about 56
dB and a noise level of 100 dB SL. Rowley points out that under this
condition, and under the 60-dB and 80-dB noise conditions as well, the
point of maximum loudness increase occurred when the tone level ap-
proximated the spectrum level of the contralateral noise.

This tone level to noise spectrum level relationship can also
be seen in Vigran's (35) re.sults although he used a 1/3-octave noise
with a center frequency well above that of any of the test-tone frequen-
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cies used. The spectrum level of Vigran's remoie "arousal' noise,
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when delivered at a level of 105 dB SPL, was approximately 78 dB.
This is very close to the 80-dB SPL tone level at which the maximum
mean loudness increase of 7.5 dB was reached.

A comparable phenomenon can be seen in Egan's (7) results,
although they cannot be compared directly because speech was used as
a stimuluis. Nevertheless, Egan's greatest increase in the loudness of
the speech stimulus when presented with 80 dB SL of contralateral
noise, occurred when the sensation level of the speech was about 42
dB. The magnitude of the increase was about 7.0 dB according to in-
terpolation from Egan's curves. The maximum increase in the loud-
ness of speech obtained in the presence of a given level of contralateral
noise occurs over a fairly wide range of speech levels. A similar re-
lationship was obtained at other noise levels. Thus, it appears that
this relationship between speech level and noise spectrum level is simi-
lar to that observed by Rowley for pure tones.

Rowley's results also agree with those of Egan in showing very
little increase in the loudness of test stimuli that are paired with con-
tralateral noises as low as 40 dB SL, regardless of the level of those
test stimuli. Rowley pointed out that the spectrum level of the 40-dB
noise is approximately at threshold which may prevent complete sum-
mation under this condition.

With higher levels of contralateral noise, however, Rowley

found loudness decreases as the tone level approached threshoid.



28

Interpolating from Rowley's loudness function curve obtained at the
100-dB SL noise level, it would appear that the magnitude of this loud-
ness decrease reaches about 14 dB for tone levels as low as 20 dB
SL.

Rowlev nastulates the following mechanisms for his results:

The form of the loudness function at iow purce-tone levels is
determined by transcranial conduction of the noise to the test
ear preducing ipsilateral masking or at lower noise levels by
a 'central masking' effect. The noise thus produces an ele-
vation in the threshold and a decrease in the loudness of the
low level pure-tone stimulus. The loudness of the higher level
pure-tone stimulus is not reduced producing the recruitment-
like phenomenon long observed in noise masked ears.

Rowley further postulates that a summation effect, like that
associated with binaural stimulation with similar stimuli, is respon-
sible for the loudness increases at higher tone and noise levels. How-
ever, he states that '""the reduced rate of loudness growth above the
knee is not a result of the acoustic reflex but rather occurs because
the optimal intensity relationship necessary to achieve maximum sum-
mation is not maintained as the pure-tone level is increased above the
spectrum level of the noise."

A number of studies have been reviewed in this chapter which
have shown changes in the perceived loudness of a sound produced in
the presence of dissimilar contralateral stimuli, Differences in the

magnitude and direction of these loudness changes observed by the

various investigators appear to be related to a number of stimulus



conditions such as (1) the frequency of the test tone stimulus (2) the
bandwidth and ccnter frequency of the contralateral stimulus and their
frequency relation to the test tones (3) the level of the contralateral

stimulus (4) the level of the test stimulus and (5) the relationship be-

whether or not subjects have been asked to consider in their judgments
the changes in the pitch and quality of test tones that appear subjec-
tively in the presence of contralateral noise (24, 29). Still other varia-
tions in loudness change seem to arise from procedural differences

such as the order of presentation of the stimuli (7).



CHAPTER III

INSTRUMENTATION AND PROCEDURE

Introduction

In the studies reviewed in the previous chapters a number of
relationships were shown to exist with respect to changes in the loud-
ness of a tone in one ear when it was paired with a contralateral noise.
The loudness increase produced in the test tone was shown to be of
greater relative magnitude as the noise level was increased above the
tone level until a noise level was reached at which either (a) the acous-
tic reflex was elicited (24, 29, 35) or (b) contralateral masking oc-
curred due to the transcranial conduction of the noise to the test ear
(27). Either of these conditions will result in a decrease (or a reduc-
tion of the increase) of the relative loudness of the tone sounded with
the contralateral noise.

Conversely, as the tone level is increased with respect to a
constant contralateral noise level the relative loudness of the tone in-
creases until a certain ievel is reached. Above this tone ievel the

loudness increase produced in the tone by the contralateral noise be-
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increase is observed.

Rowley (27) observed that the maximum summation or loud-
ness increase in the presence of a contralateral broad-band thermal
noise occurs in the intensity region where the level of the tone approxi-
mates the apectrum level of the noise. Inspection of Vigran's data
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{35) also shows maximum loudness increases occurring at tone levels
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which approximate the spectru However, Vigran
not only used a different psychophysical procedure but the frequency of
his narrow-band noise was centered nearly one octave above the fre-
quency of the highest tone used, which raises questions concerning the
frequency relationships between tone and noise necessary to produce
such loudness increases.

It seemed desirable to investigate further the frequency and
intensity dependence of the loudness changes produced by a contralat-
eral noise. Therefore, a study was designed to determine the amount
of relative loudness change that occurs during monaural loudness bal-
ances of successively-presented, identical test tones when different
bandwidths and levels of thermal noise are presented in the contralat-
eral ear along with one of the tones.

A second study was carried out which differed from the first
only in the experience, training, and instruction of the subjects. It
was necessitated by the wide intersubject variability found in the first

study, presumably as a function of the different listening criteria used



by the subjects.

In the first study monaural loudness balance judgments were
obtained from four normal-hearing, sophisticated adult listeners un-
der 36 combinations of four stimulus parameters and two procedural
variabhles. Thege are shown in Figure 1 and can be summarized as
foliows: {a} two noise conditions; broad-band and narrow-band (b} two
noise levels; 75 and 95 dB SPL (c) tones of three frequencies; 500, 1000,
and 2000 Hz and (d) three test tone levels, which varied according to
the noise levels and noise bandwidths with which they were paired.
For example, it can be seen in Figure 1 that under the broad-band
noise condition tone levels of 30, 40, and 50 dB SPL are paired with
the overall noise level of 75 dB SPL. Tone levels of 50, 60, and 70
dB SPL are paired with the 95-dB SPL noise level. The tone levels
were selected so that the middle value approximated the spectrum
level of the contralateral noise. Rowley's (27) and Vigran's (35) data
suggest that this intensity relationship should produce relatively large
effects.

The tone levels used to obtain balances under the narrow-band
noise condition were all 10 dB higher when paired with a given noise
level than those shown under the broad-band noise condition because
the spectrum level of the narrow-band noise was approximately 10 dB
higher at given overall levels than that of the broad-band noise. The

tone levels overlapped in the two noise conditions permiiting direct
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Figure 1 - Order of presentation of variable combinations and conditions. All levels are
in dB SPL and all frequencies are in Hz.
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comparison between the noise conditions at two out of the three tone
levels used.

The frequency parameters selected for this study were chosen -
in order to obtain evidence concerning the effect of the acoustic reflex
on the apparent loudness summation. It has been demonstrated previ-
ously (18, 19, 32, 38, 39) that the acoustic reflex is effective at 500
Hz but has no appreciable attenuating effect at 2000 Hz. Another con-
sideration was that no data were available concerning how much loud-
ness increase one can expect as a result of contralateral noise stimula-
tion when the test tone is higher in frequency than the upper frequency
of the noise band.

The two noise levels of 75 and 95 dB SPL were selected in
order to determine if this variable would have any differential effect on
loudness increase. One of these noise levels is above the average
normal threshold for the acoustic reflex while the other is below this
threshold.

The two noise conditions were broad-band and narrow-band.
The broad-band thermal noise was limited in spectrum width to about
7000 Hz, mainly by the frequency response of the earphone. The
narrow-band noise had a nominal band width of 707 Hz (3 dB down) and
was centered at 1000 Hz.

Two procedural variables were also investigated. The first
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with the noise under each combination of the above physical parameters
in order to determine if this variable would have a significant effect on
the apparent loudness change. It was observed that in some studies
(24, 29) the tone appearing alone had been varied by the subject while
in another study (35) the tone appearing with the noise had been the
variable tone.

The second procedural variable investigated was the direc-
tion of the initial approach to the balanced condition. It had been ob-
served during the pilot study preceding this investigation that under
some noise conditions considerable differences may be seen between
balances that are initially approached from below, (i.e., the up-down-
up, etc., direction) and loudness balances that are approached initial-
ly from above (i.e., the down-up-down, etc., direction). All subjects
were asked, therefore, to alternately approach the balanced condition
from above and from below for each measure. That is, they would
begin with the comparison tone set louder than the standard tone on the
first match, adjust the attenuator until it was softer than the standard
tone, reverse direction until it was again louder than the standard
tone, etc., until a loudness balance was reached. Then the experi-
menter selected a new reference point by changing the level of his
series~-connected attenuator and asked the subject to balance the loud-
ness of the two tones starting with the variable tone level below the

level of the standard tone.
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It should be remembered that the term standard tone will al-
ways refer to the tone which is held at a given level during a balance
as determined by the examiner. The term comparison tone will always
refer to the tone which is manipulated in level by the subject. The
comparison tone may be either the tone heard alone (TA) or the tone
;ith the noise (TWN) which is also true for the standard tone.
The order of appearance and the coincident appearance of the factors
was approximately balanced as will be shown in detail in a subsequent
section.

A more detailed description of the subjects, apparatus, and

experimental procedures is presented in the following sections.

Subjects

In the first study data were collected from four trained, nor-
mal-hearing male subjects, each of whom was a graduate student or
employee at the University of Oklahoma Medical Center. No subject
was included in the experiment who had a history of ear pathology or
whose hearing thresholds in either ear exceeded a level of 15 dB (re.
1964-1SO Standard) at any frequency between 500 and 6000 Hz inclusive
as determined by an audiometer threshold test.

In the second study the data were collected from four adult
subjects who had no previous experience in psychophysical studies.

Two subjects were male and two were female. Except for previous
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experience and training all of these subjects satisfied the criteria for
selection as described in the preceding paragraph for the subjects in

the first study.

The Test Environment

All data were collected in a sound-treated test suite at the
Speech and Hearing Center at the University of Okiahoma Medical Cen-
ter, Oklahoma City, Oklahoma. The test room was of double-walled,
insulated construction with a glass window for maintaining visual con-
tact between subject and experimenter. Auditory communications were
maintained by means of a Talk-A-Phone intercommunication system.

Sound-level measurements made in the test room under ex-
perimental conditions showed an ambient room noise level of 48 dB
SPL as determined by the random C-scale readings on an octave-band

analyzer (General Radio Model 1558 AP).

Screening Apparatus

Hearing thresholds for all subjects in both studies were ob-
tained by means of a portable Beltone Model 10-C audiometer in a
sound-treated room similar in construction to the test room. The
audiometer was calibrated prior to the tests relative to the 1964-ISO

Standard.
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Experimental Apparatus

The experimental apparatus used to deliver the test-tone
pulses and contralateral noise levels is indicated by the block diagram
shown in Figure 2,

The source of the standard and comparison tones was an audio
oscillator (Hewlett-Packard Model 200 AB), the output of which was
gplit and fed to channel A-2 of dual-channel electronic switch No, 2
(Grason-Stadler Model 8295) and to the single-channel electronic
switch No. 1 (Grason-Stadler Model 829C).

The switches were triggered alternately by a timing ngtwork
consisting of a waveform generator (Tektronix Type 162) and four
pulse generators (Tektronix Type 161). The timing paradim is shown
graphically in Figure 3. The waveform generator was set for a two-
second period during which pulse generator No. 1 fired immediately
and was turned off 400 msecs later by pulse generator No. 2. After a
silent period of 600 msecs pulse generator No. 3 turned on both the
tone and noise by triggering electronic switch No. 2, which pulse
generator No. 4 turned off 400 msecs later. The rise and decay
times for both the tone and noise pulses were 25 msec. According to
Sergeant and Harris' (31) results this timing sequence should produce
negligible cumulative loudness adai:ta.tion.

When the tone with noise (TWN) was used as the comparison

tone it was fed from output A-Z of electronic swiich No. 2 (ES-2)
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directly to the subject's attenuator (No. 4) (Clarostat 500 ohm variable
T pad with logarithmic taper) in the test room. This attenuator had
no detents no visible scale and was continuously variable over a range
of about 45 dB. A voltmeter (Ballentine Model 300) was connected to
the attenuator output where it re-entered the control room, enabling
the experimenter to read out directly in decibels the amount of relative
increase or decrease in the magnitude of the signal before it entered
control attenuator No. 2 (Hewlett-Packard Model 350 AR). This tan-
dem arrangement enabled either the subject or the experimenter to
control the level of the comparison tone before it reached the mixer,
matching pad, transformer, and then the TDH-39 earphone in the test
room.

The dotted lines shown in Figure 2 indicate the circuit modi-
fications required when the tone .alone (TA) served as the comparison
tone and the TWN remained at the fixed level set by the experimenter.
Under this condition the TA was fed directly to the subject's attenuator
(No. 4) in the test room, then back into the control room where its
output was monitored on the voltmeter and passed through attenuator
No. 1 before it was fed to the mixer, matching pad, transformer, and
then into the test room to the TDH-39 earphone. The TWN signal was
then fed directly to control attenuator No. 2 and then alternated with
the TA in passing through the mixer, matching pad, transformer and

to the same TDH-39 receiver as the TA.
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The noise was produced by a noise generator (Grason-Stadler
Model 455C). It was fed to channel A-1 of dual-channelled electronic
switch No. 2 where it was pulsed and synchronized to appear with the
TWN. Under the narrow-band noise condition the pulsed output was
passed through the band-pass filter (comprised of high and low-pass
components of Allison Model 2-B). The filtered output was then am-
plified by a line amplifier (Altec-Lansing Model 436C Compressor
Amplifier) before it passed through attenuator No. 3 (Hewlett-Packard
Model 350 AR) which enabled the experimenter to control the level of
the noise. The noise signal was then fed through an isolation pad and
transformer X-2 to the TDH-39 earphone opposite to the one receiving
the tones. Both earphones were mounted in type MX 41A/R cushions
and held in a standard headband.

The frequency and duration of the test signals were checked
for accuracy with a counter-timer (Transistor Specialties Inc. Model
361). The rise and decay patterns were checked with an oscilloscope
(Tektronix Model 561).

The characteristics of the filter were verified with a graphic
level recorder (General Radio Model 1521B) driven by a beat-frequency
oscillator (General Radio Type 1304B). The octave-band filter ex-
hibited an attenuation rate of 29 dB per octave.

Prior to the data collection the linearity of the attenuators

A -

was evaluated using a calibrating unit {Allison Model 300). The

11<
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results showed that the control attenuators for the tone were accurate
within 0.1 dB from step to step and had a cumulative error of no more
thant 0.5 dB over a range of 40 dB. The noise attenuator was accur-
ate within p 0.1 dB over a 50-dB range.

The intensity calibration of the tone and noise signals de-
livered to the TDH-39 earphones was checked prior to each experimen-
tal session using a condenser microphone (Western Electric Model
640AA) and condenser microphone complement (Western Electric
Model 100 D/E). The earphones were mounted on an NBS type 9A

coupler,

Procedures

The psychophysical procedure utilized in this study was the
method of adjustment. Each subject was asked to adjust the level of
the comparison tone until it was equal in loudness to an alternately-
presented standard tone of identical frequency but fixed intensity. The
comparison tone was the tone appearing alone one-half of the time and
the tone appearing with the noise the other half of the time. A balance
was initially approached from a level above that of the standard tone
one-half of the time and from below one-half of the time. The sub-
ject used an unmarked, detentless attenuater to make his adjustments.
A secondary attenuator controlled by the experimenter prevented the

subject from obtaining poczitional clues from his attenuator in arriving
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at a balance.

Subject Training

In the first study a preliminary training period was required
of each subject in order (1) to familiarize him with the loudness bal-
ance task under the various to.ne and noise conditions and (2) to help
him establish a reliable criterion for a loudness match. Satisfactory
subject sophistication for the task was evidenced by (1) his ability to
repeat a loudness match within plus or minus two decibels of the level
of the original balance in the presence of a just detectable contralateral
noise and (2) a lack of further improvement in performance of the
loudness-matching task regardless of the contralateral noise condition.
One subject satisfied these criteria during the second practice session,
but the others required three or four practice sessions in order to be
satisfactorily consistent in their loudness matches under the various
tone and noise conditions.

These preliminary sessions also served to further familiar-
ize the experimenter with the apparatus and the order of presentation
of the various combinations of stimulus parameters. The final train-
ing session and the first experimental session were separated by at
least one day.

The subjects in the second study were trained differently

than those in the first study. Instead of receiving a long training
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period, each was given only two trial loudness balances in quiet at each
frequency, one starting from above, and one from below the balanced
condition. They were also given one trial balance in the presence of a
low-level noise while varying the tone alone (TA) and another trial bal-
ance in which they varied the tone-with noise (TWN). Following these
trial balances they immediately began the experimental procedure as
described below. The only modifications in the procedure from that
followed by the subjects of Study I were that (1) one trial balance was
given prior to each new tone and/or noise condition and (2) instructions
were repeated if the subject had a question or seemed to be making

bizarre or inconsistent responses.

Experimental Procedure

For both studies the experimental data were collected from
each subject in two listening sessions of approximately two hours each.
Precautions were taken to insure that each subject was rested and
alert prior to each session. In addition, he was given a rest period
halfway through each session. The right ear of each subject received
the tones and the left ear received the noise.

The 36 combinations of the four parameters plus the two pro-
cedural effects investigated were presented to the four subjects in as
nearly a balanced order as was possible. The balanced temporal order

of test-tone levels and frequencies was sacrificed to some extent in
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order to reduce associations between particular test-tone levels, fre-
quency orders, and noise variables. The temporal sequencing and the
coincidence of the parameter values are shown in Figure 1 (p. 33).

The blocks representing each listening session show the noise
conditions at the top and the tone levels at the bottom. The subjects
are identified along the ordinate and the temporal order is shown from
left to right. For example, it is seen that in the first session Subject
#1 first varied the intensity of a 500-Hz tone to equal loudness with a
fixed-level, 500-Hz tone set at 50 dB. A high-level (95 dB) broad-band
noise was presented to the opposite ear concurrently with the fixed-
level tone. Balances were then obtained for 1000- and 2000-Hz tones
under the same set of conditions.

The procedure was then repeated at the middle tone level
(60 dB). the order of frequency presentations was altered under this
condition so that the 1000-Hz tone appeared first, the 2000-Hz tone
second, and the 500-Hz tone appeared third. Then, with the noise
parameters unaltered, the experimenter switched to the high-level
tone and the subject completed loudness balances for the 2000-, 500-,
and 1000-Hz tones respectively. The subject was then allowed a ten-
minute rest p”eriod while the experimenter adjusted the equipment to
make the tone-with-noise {TWN) the comparison tone and the tone

alone (TA) the fixed tone.
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loudness of the 1000-Hz tone (TWN) appearing in the presence of the
low-level (75 dB) broad-band noise with that of the standard tone which
was delivered to the ear at the 40-dB {or middle) tone level. The pro-
cedure was then repeated successively at 500 and 2000 Hz, etc.

In the second session, which followed the first after a period
of from one to four days, the order of presentation of the noise condi-
ticns and of all tonal combinations were varied with respect to session
one as shown in the right-hand half of Figure 1. It can also be seen in
Figure 1 that the order of presentation of the noise parameters was
reversed from subject to subject and that the tone conditions are ap-
proximately balanced for temporal order and coincidence across sub-

jects.

Instructions to Subjects
Prior to each training session each subject in Study I was in-
formed verbally of the purpose of the study and the procedures to be
followed. In addition he was given a card containing printed instruc-
tions as follows:

You are about to participate in a psychophysical study on loud-
ness. Your specific task is to change the intensity level of a
variable tone heard in your right ear uatil it sounds equal in
loudness to an identical tone of fixed intensity which you will
hear alternately also in the right ear. The variable attenuator
on the table to your right is for this purpose.

You will note that as you turn the attenuator knob in a
clockwise direction the variable tone will get louder. As you
turn the knob counter-clockwise the tone will get softer.

Appearing with one of the tones but in the ieit earphone
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will be either a broad-band or a narrow-band noise. You will
learn to disregard the noise and listen only to the comparative
loudness of the two tones. At first the contralateral noise will
be just loud enough to help you differentiate between the two
tones. With the noise at this level you will make two balance
judgments. First you will begin with the variable tone being
much louder than the fixed tone and you will decrease it until
it is softer than the fixed tone. Then increase the level of the
variable tone until it sounds equally loud as the standard or
fixed tone. Nod your head affirmatively when you fccl that the
two tones are equally loud. Do not move your attenuator until
I nod affirmatively that your level has been recorded.

Now repeat the above procedure. This time approach the
loudness balance from beiow. Begin with your attenuator in a
counter-~clockwige position so that the variable tone is softer
than the fixed or standard tone. Increase the level until the
variable tone sounds louder, return to where it is softer, and
then increase the level until it sounds as loud as the standard
tone. When the experiment begins you will see a card appearing
in the window to remind you whether to approach the balance
from above or below.

Remember that during half of each listening session you
will be varying the level of the tone with the noise (TWN).
During the other half you will balance the loudness by vary-
ing the level of the tone alone (TA).

Are there any questions?

Following the preliminary practice balances further instruc-
tions were presented to each subject in Study I. These same instruc-
tions were also seen and heard by the subjects in Study II.

Now you will hear the three paired tones appear at each of three
different intensity levels. Appearing with one of the tones will
be either a low-level or a high-level noise in the left ear. Un-
der these conditions your balancing task may be more difficult.
You must resist the tendency to change your criterion of judg-
ment if the pitch, quality, or laterality of the tone with the noise
seems to change. Your judgment must be based solely upon
magnitude or loudness, regardless of any other differences be-
tween the tonesg--either real or fancied. You should require
no more than one minute to complete a loudness balance, al-
though you may take as much time as you need to insure ac-
curacy.

After completing the {irst series of balances you will take
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a ten-minute break before completing the last series under a
similar set of variables. The same procedures will be followed
during your second and final session.

Remember that (1) all judgments are to be made entirely
on the basis of the relative magnitudes or loudness of the two
tones and (2) once a loudness balance has been completed do
not move the attenuator knob until the result has been recorded
as evidenced by the examiner's signal.

The subjects in Study 11 also were given additional verbal in-

structions regarding the listening criteria they

WETE to use.
cally, they were asked to balance the loudness of the two tones as re-
quested in the above instructions, but were cautioned that there might
be quality or localization changes in the tone which was presented with
the noise. They were told not to try to block out the noisiness sur-
rounding the tone but to consider the tone and its associated noisiness
as a total complex, the loudness of which they were to compare with
the loudness of the tone appearing alone. They were also cautioned
that there might be more than one point on their attenuator at which the
two tonal signals would seem to balance depending on the criterion
applied. However, they were to try to hold to the requested listening
criterion. Occasionally these instructions were repeated if a subject

seemed to be having difficulty in following the instructions or in hold-

ing to the requested listening criterion.

The Processing of the Data
The data for both studies were processed using an analysis of

variance designed for multi-factor experiments having repeated
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measures (40, p. 300). The main effects treated were noise type,
noise level, tone frequency, tone level and the two procedural vari-
ables of (1) which tone was varied and (2) whether the initial approach
was from a level above or below that of the fixed-level tone. The in-
teractions between these main effects were also tested.

The data for Study I were also analyzed by comparing the re-
sults of Subjects #1 and #3 (Group #1) with those of Subjects #2 and #4
(Group #2). This separate treatment was necessitated by the wide
differences in the data obtained from the two pairs of subjects.

It was realized, of course, that this ''after-the-fact' cate-
gorization violates a basic tenent of the statistical decision-making
process. But, after Study II was completed and showed no such wide
differences between subjects, it was hoped that such treatment of the
data from Study I might offer an impression of the magnitude of the
differences between subjects, whatever their cause. Also such an
analysis improved the evaluation of the other main effects. The data
from Study II were analyzed using the four subjects as a single group.
The processing of the data was carried out by the use of an IBM 360

computer (Model 50).



CHAPTER IV
RESULTS

Introduction .

Two studies are reported which are identical in most respects
but which differ in the criteria the subjects were asked to use in evalu-~
ating relative loudness. The purpose of both studies was to investi-
gate the loudness change that occurs during monaural loudness balan-
ces of identical pure tones when one of the tones is paired with contra-
laterally-presented thermal noises of different bandwidths and levels.

The main effects investigated were noise type, noise level,
tone frequency, and tone level. Specifically, a broad-band noise and
an octave-band noise were each presented to the left ears of four sub-
jects at one level which should have elicited the acoustic reflex and at
aﬁother level which should not have done so. The test stimuli which
were presented to the right ear included a 500-Hz tone which should
have been affected by the reflex but which is below the octave-band
noise in frequency, a 1000-Hz tone which is at the center of the cctave-
band noise, and a 2000-Hz tone which is higher in frequency than the
cice. Each tone was presented at three levels which

51
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varied with each different noise type and noise level so that the middle
tone level would always approximate the spectrum level of the con-
tralateral noise. Also studied were two procedural effects: (1)
whether the tone heard with the noise or the tone which was heard alone
wag varied by the subject, and (2) whether the subject's initial ap-
proach to the balanced condition was from a tone level above or below
the intensity preducing a judgment of loudness equality.

In the first study four highly-trained, normal-hearing adults--
sophisticated in psychophysical procedures--used the method of ad-
justment to obtain monaural loudness balances under the conditions
described above. The order of presentation of the experimental con-
ditions was systematically balanced in order to reduce the effects of
any temporally-related biases. Prior to gathering the data each sub-
ject participated in several training sessions during which he practiced
the experimental task until reliable measures were obtained. During
the training sessions the subjects were instructed to disregard the
contralateral noise and to concentrate on matching only the loudness
of the two tones appearing alternately in the test ear.

The results of the first study did not readily lend themselves
to 2 meaningful statistical analysis when the data from all the subjects
were grouped because two of the four subjects obtained loudness in-
creases in the presence of the contralateral noise while the other two

obtained loudness decreases of approximately the same magnitude.
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As a part of a re-evaluation of the experimental procedures
the four subjects were questioned regarding their listening criteria.
All subjects expressed difficulty in maintaining a criterion for equal
loudness for the two tones under all conditions because of various
quality and localization changes associated with the tone during the dif-
ferent noise conditions in the contralateral ear. Under some condi-
ticns the tone presented with the noise appeared to lateralize toward
the opposite ear and blend with the noise. At other times the tone-
with-noise seemed to get '"fuzzy'' which made its recognition difficult.
Subjects #2 and #4 (those that produced the loudness decreases) re-
ported that they had mentally tried to suppress or block out the noise,
both that heard contralaterally .and that associated with and surround-
ing the tone sounded with the noise in the opposite ear. Instead, they
had tried to concentrate on only the tone itself which appeared in the
midst of the noise complex. With this criterion the noise associated
with the tone presumably represented an interference which decreased
the apparent loudness of the tone occurring with the noise.

The other two subjects (#1 and #3) reported that they con-
sidered the tone, and its associated noisiness, as a form of combined,
complex, tonal-like signal to which it was easier for them to match
the criterion tone occurring alone. The use of this criterion apparent-
ly resulted in loudness increases. It was apparent from these com-

ments that either loudness decreases or increases could be obtained
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depending upon whether a subject used only the pure tone element of
the complex or whether he included the {ringe area noisiness which
accompanied the tone as well in his judgment of equal loudness.

In order to assess this effect further the second study was
carried out. Four normal-hearing, previously-inexperienced sub-
jects were used. The procedures were essentially the same as in the
first study. However, these subjects were not given the instructions
that were associated with the training sessions in the first study, but
only those instructions that preceded the experimental sessions. In
addition, cach subject was cautiorned that there might be more than
one point on his attenuator at wiiich the two tones might sourd equally
loud. M= was asked to try to hold to the same criterion for balance
which had resulted in loudness increases in the previous study; namely,
to consider the noisiness associated with the tone in the presence of
the contralateral noise as a part of the signal to be balanced with the
tonc heard alone.

The data from boih studies were processed usiag an analysis
of variance designed for multi-factor experiments having repeated

measures (40).

Results of Study I

Inspection of the data from Study I revealed immediately the
almost equal but opposite loudness changes produced by the two pairs

of subjects. It is apparent that simple mecans averaged across all



n
n

four subjects would produce near 0.0 dB loudness level change indica-
tions. For example, the mean loudness level increase in the presence
of noise across all conditions for all subjects is slightly less than 0. 3
dB. Because of this virtual cancellation of effects and because of the
great inter-gsuhject variahility it was decided at this point to carry out
the second study. Nevertheless, it seemed worthwhile to evaluate the
results of the first study by treating subjects #1 and #3 and subjects
#2 and #4 as two separate groups. This after-the-fact categorization
violates, of course, a basic tenent of the statistical decision-making
process. However, it was hoped that an impression of the magnitude
of the differences, whatever their cause, and an evaluation of other
main effects could be obtained thereby. With these precautions in

mind, the outcomes are presented in the following sections.

Listening Criteria
Group #1 (Subjects #1 and #3) produced an overall mean loud-
ness increase of 2.4 dB. Group #2 (Subjects #2 and #4) produced an
overall mean loudness decrease of 1.8 dB. The differen.ce between
these two group means was significant at the . 05 level. The error
term was quite large reflecting the large differences between the sub-

jects even afier subdivision into two groups.

Noise Type

Another variable which was shown to be significant at the
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.05 level was noise type. There were no significant interactions be-
tween noise type and other conditions. Neither were there significant
differences among individuals treated alike, which indicated that this
effect was similar for all subjects. This is shown in Figure 4 which

egentg the mean loudnece increagec for

pre

D

ach suhject across all other
conditions as a function of noise type. It is seen that greater loudness
increases {or smaller decreases) were cbtained by all subjects under

the narrow-band noise condition. This figure also illustrates the wide

separation between the two groups of subjects.

Procedural Variables

There was a significant interaction between the procedural
variable of tone-with-noise vs. tone alone (TWN-TA) and tone level.
When the TA was varied by the subject smaller mean loudness in-
creases were shown at low and high levels while larger increases were
shown at medium tone levels. When the TWN was used as the com-
parison tone {see Figure 5), the greatest loudness increase occurred
at the low tone level and progressively smaller increases were ob-
tained at medium and high tone levels. These differences are small,
generally on the order of 0.5 dB at each tone level. Yet, the variance
among subjects was small also as was indicated by the lack of a sig-
nificant error term. There is no immediate explanation for these dif-

ferences except that at low tone levels some subjects reported that it
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was more difficult to identify and vary the tone-with-noise because the

tone was very difficult to hear.

Other Effects
No other main effects (tone frequency, tone level, noise level,
TWN-TA and direction of initial approach) or interactions were signi-
ficant. Possibly the results were confounded by the large intersubject
variability and the small sample size imposed by the division of the

subjects into two groups.

Discussion of the Results of Study I

Clearly the most striking factor to emerge from Study I is
the importance of each subject's listening criterion in determining the
results he will produce. It seems that even highly trained and inter-
nally consistent subjects may be trained to different criteria if safe-
guards against different interpretations of the instructions or the task
are not specifically built into the instructions. Conversely, itis
shown in Study II that even inexperienced subjects, although more in-
ternally inconsistent in their judgments because of lack of training,
can perform the same difficult psychophysical task with less variation
in results when the instructions are more specific and include such
safeguards.

The question arises as to what extent differences in the way

subjects interpret instructions of the assigned task may have
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contributed to the wide intersubject variability that is reported in many
of the similar studies reviewed in Chapter II. For example, the 5.3 dB
range in individual mean loudness level shifts in the presence of con-
tralateral noise obtained by the subjects in Study I seems small com-
ae of 19 dB in mean loudness shifts reported by
Shapley (29) for his subjects in a similar experiment. Shapley also
stated that each of his subjects had been fairly consistent in his own
judgments. He attributed the large intersubject variability partly to
small differences among subjects' thresholds of detectability but
mostly to the subjective observations on the part of some subjects
that the tonal characteristics seemed to change in the presence of con-
tralateral noise. He also felt that different results would have been
obtained if compensation for the observed ''pitch shifts' had been made
prior to the loudness matches.

Prather (24) investigated this subjective characteristic of
loudness balance measurements in a similar study by having his sub-
jects make balances for both loudness and pitch, using separate con-
trols for each and alternating back and forth until the subjects felt they
had made the best balance for both. He found significant differences
under certain conditions, depending on whether his subjects balanced
for both pitch and loudness or for loudness alone. These differences
were found at low frequencies and at either (1) low tone and high noise

levels (2) low noise and high tone levels, or (3) high tone and high
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noise levels. Under these conditions consistently greater loudness in-
creases were obtained when adjustments were made for pitch as well
as for loudness differences.

In a recent article Scharf (30) reported large variability in

two-tone complexeg varving in bandwidth, His subjects matched the
loudness of the dichotic complex to ihat of a binaural tone (same fre-
quency in both ears which was set at the center frequency of the com-
plex (500, 1000, or 2000 Hz). Dichotic and binaural stimuli alternated
so that the subject would first hear the same (comparison) tone in both
ears and then different tones in each ear. The difference between the
setting of each dichotic component when matched by itself to the bi-
naural tone and when matched together with the tonal component in the
other ear was considered to be a measure of overall dichotic loudness
summation.

Scharf attributed the wide variability between subjects to the
differential ability of certain subjects to mentally split the auditory
image into two distinct parts which correspond to the components of
the complex. He stated: 'Under dichotic stimulation a subject can
usually make two different loudness judgments, one of overall loud-
ness and the other of the component loudness. . . . Following instruc-
tions the listener can often attend to one component of a complex or

to the whole complex. "
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The component loudness-matching ability of the subjects was
investigated further by presenting the comparison tone monaurally
""to the same ear and at the same frequency as the dichotic complex
that was being judged.' Scharf described the procedure as follows:

When he clearly split the complex the subject heard a pure

tone in one ear on every presentation; on every other presen-
tation this tone was accompanied by a tone of a different fre-
quency in the other ear. The subject was told to ignore the
tone in the other ear and match the repeating tone to itself. He
first adjusted the unaccompanied monaural tone to make it as
loud as the dichotic component. Later the monaural tone was
set to a level chosen by the subject and he adjusted the level of
the whole complex until the loudness of the appropriate com-
ponent equalled that of the monaural tone.

The results of these experiments indicated that when subjects
were making overall loudness judgments the intersubject variability
increased as the frequency separation between the tones in the dichotic
complex increased, because it became more difficult to combine the
component tones into a single sound image. However, when subjects
balanced the loudness of each component tone in the complex with the
monaural comparison tone the task became easier as the frequency be-
tween the tones in the dichotic complex increased.

A similar condition was found in the present study. Subjects
#1 and #3 (who balanced the overall tone-with-noise signal with the
tone heard alone) reported that the task was easier when balancing the

1000-Hz tones in the presence of the narrow-band contralateral noise

(in which the tone was centered). Subjects #2 and #4 who tried to
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mentally block out the contralateral noise and concentrate on the tonal
component during loudness judgments) reported that the loudness-
balance task was more difficult under the above condition but was
easier when the tone frequency and the center-frequency of the narrow-
band noise were different.

Scharf (30) attributed the lack of agreement between certain
results of his study and those of a similar study by von Bekesy (3) to
differences in instructions. Whereas Scharf's data showed that the
judgment of overall loudness is independent of the frequency separation
of the dichotic tonal complex and that component loudness judgments
produced loudness increases with increased separation of the tones in
the dichotic complex, von Bekesy's results showed that dichotic loud~
ness decreases as the frequency.separation ( AF) increases (3, 1960,
pp 223-227). Scharf explains this discrepancy as follows:

Although von Bekesy apparently intended to measure over-all
loudness his procedure and instructions seemed to lead the
subject to judge primarily the component loudness. Von Bekesy
tried 'to fix the attention of the subject in such a way that he
regarded the variable frequency in the other ear as a disturb-
ance that might alter the loudness of the base tone of constant
frequency. . . . In following this instruction, his subjects
would be expected to judge the over-all loudness only at the
narrowest AF's; as soon as the dichotic complex begins to
split up (which occurs at very narrow AF's when a silent in-
terval is omitted), more attention would be paid to the com-
ponent loudness which however, would be enhanced by the con-
tralateral tone, I was probably unable to obtain von Bekesy's
results because, in my replication, I asked the subjects to ig-
nore the tone in the other ear. Rather than enhance the loud-
ness of the ipsilateral component, the contralateral component
interfered with it. (30, p. 1203)



Scharf concluded that ''. . . . judgements of the loudness of a
dichotic complex depend very much on instructions and procedure.
Probably the most meaningful measure of overall loudness is the one
based upon instructions that implicitely ask the subject to judge over-
all loudness and a procedure that facilitates this task."

The above observation seems to hold true also for the task
of monaural loudness balances in the presence of contralateral noise.
It may be seen in the results of Study II that, in response to more
specific instructions, even inexperienced listeners showed less varia-
tion across subjects, even though they all had a tendency, at times,
to shift to a different listening criterion.

The importance of instructions has been emphasized in other
psychophysical areas of auditory research. A case in point is Pollacks
study (22) which reported differences in threshold sensitivity of up to 7
dB depending on whether the subject was asked to respond when he
first heard the ''tone'' or to respond when he first heard a sound of any
type or quality.

In a study designed in part to determine the importance of in-
structions to subjects in loudness adaptation experiments Stokinger
(34) found a difference of 28.5 dB between the mean values of adapta-
tion obtained on 10 trained subjects depending upon whether the sub-
ject was asked to make judgments on the basis of equal loudness

balances or on the basis of localizing a fused sound image at the
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midline of the head under identical simultaneously-presented stimulus
conditions.

Several of Stokinger's subjects reported considerable diffi-
culty in making localization judgments, since the 80-dB adapting tone
'appeared fuzzy' or lost much of its tonality or clearness by the time
the judgments were made, especially when the comparison tone was
introduced. Similar comments by subjects in the present study, along
with other remarks about the tone being presented with the contralat-
eral noise seeming to cross over and blend with the noise, may relate
to a mechanism by which common elements in the noise may summate
with the tone in such a manner as to change the quality of the tone and
produce a localization effect.

Despite the evidence cited above that the nearly equal and
opposite results obtained by Groups #1 and #2 in Study I resulted from
differences in listening criteria, other possible explanations must be
entertained. It is known, for example, that some individuals can vol-
untarily contract the middle ear muscles (21, 25, 32). It is possible
that Subjects #2 and #4 in this study were unwittingly eliciting the
acoustic reflex in order to shut out the contralateral noise during some
of the loudness judgments. Reger (25) reports '""The writer learned
that individuals who can contract their intra tympanic muscles can
produce a marked subjective transmission loss by contracting these

muscles while exposed to uncomfortably loud iow irequency sounds.*
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The observation that subjects #2 and #4 did not show a greater
frequency dependance in their results than the other two subjects fails
to support this hypothesis.

It is interesting to note that Subject #2 in the present study is
also, by coincidence, the same individual who was Subject #2 in
Stokinger's study where his results were so deviant as to require a
special processing of the data both with and without this subject's re-
sults included. Under conditions in which all other subjects experi-
enced considerable loudness adaptation, this subject experienced no
such adaptation and even showed loudness increases in some cases.
One possible explanation for this is that he was voluntarily although
perhaps unwiﬁingly contracting his middle ear muscles in response to
the annoyance of the 50-dB adapting tone.

It could also be argued, in the case of Stokinger's study, that
the deviant results of Subject #2 could be attributed to a different lis-
tening criterion. That a difference in subjective listening criterion
existed is reflected in Stokinger's notation of this subject's remark-
able internal consistency in loudness and localization judgments when
compared with the others; '"All except Subject #2 reported either a
change in the pitch of the adapting tone or a change in its quality or
both. The quality change was described by most subjects as a ‘fuzz’
or 'noise' accompanying the tone. Subject #2 reported neither change.

1
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to him to be identical in pitch and quality. Loudness balances are
more reliable when the pitches of the stimuli are the same, thus the
lack of clarity or the change in pitch of the adapting tone noted by all
subjects except Subject #2 may have contributed to the larger varia-
bility of their responses' (34).

In an attempt to find reasons for the divergent results found
in Study I a second study was carried out in which instructions were
carefully reworded in an effort to have all subjects use the same cri-

terion. A report of this study follows.

Results of Study II

In this study all subjects were requested to maintain the same
listening criterion as that described for Group #1 (Subjects #1 and #3)
in the first study (see page 53). Their ability to maintain this cri-
terion is indicated by the overall mean loudness increase of 2.8 dB,
obtained for all subjects across conditions. This value compares
favorably with the mean of 2.4 dB obtained by Group #1 of Study I
across the same conditions. The overall means for each subject
ranged from 2.0 dB for Subject #4 to 3.8 dB for Subject #1. This
range of only 1.8 dB suggests that these previously inexperienced sub-
jects were using essentially the same listening criterion. There were
no mean loudness decreases obtained in the present study under any

condition.
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The analysis of variance based upon the data produced by the
four inexperienced subjects under each of the conditions investigated
is presented in Table 1. Only the main effects are recorded. Highly
significant differences are indicated for tone frequency. Significant
differences are also shown with respect to tone level. The procedural
effect of down-up was significant at the .05 level.

There were no significant interactions between any of the
main variables investigated. This, in part, may be related to the
relatively large size of the error terms for these measures. The
analysis of variance results for these interactions is tabulated separ-
ately in the appendix.

In the following sections the main effects are discussed indi-
vidually, followed by a discussion of their interrelationships and of

their relationships to the results of other studies.

Noise Type

The results of this study show no significant differences as
a function of noise type.

Although the mean loudness increases obtained across condi-
tions were 0.9 dB higher under the narrow-band noise condition the
difference did not reach statistical significance, whereas an overall
mean difference of 1.4 dB in the same direction obtained in the first

study was significant at the 0.5 level. Two factors may be responsible
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TABLE 1

SUMMARY OF THE ANALYSIS OF VARIANCE
OF STUDY II -- MAIN EFFECTS ONLY

Degrees of Mean
Source Freedom Square F

Subjects 3 110. 62 0. 86
Noise Type 1 121.91 0.95
Noise Type X Subject (Error) 3 128. 05 39. 47b
Noise Level 1 0.99 0.08
Noise L.evel X Subjects (Error) 3 12. 42 3. 83b
Tone Frequency 2 39.59 13. Zlb
Tone Frequency X Subject (Error) 6 2.99 0.92
Tone Level 2 85. 26 5. 22%
Tone Level X Subjects (Error) 6 16. 32 5. 03b
Procedural Variable TWN-TA 1 1. 77 2.45
TWN-TA X Subject (Error) 3 0.72 0.22
Procedural Variable DOWN-UP 1 129. 39 19. 57%
DOWN-UP X Subjects (Error) 3 6. 61 2.04
Within Cell 436 3.24

aSignific:a.nt at the .05 level of confidence.

bSignificant at the .01 level of confidence.
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for this discrepancy. The first is that the sample size is not large
enough to produce consistently significant differences at the 0.5 level
with real differences in the neighborhood of 0.9 to 1.4 dB.

The second possibility is that the significant difference in
noise type in Study I was influenced primarily by the differences in
loudness change experienced by Subjects #2 and #4 (the loudness de-
crease subjects). Subjects #1 and #3 in Study I produced results very
similar to those seen in Figure 6 for Subjects #1, #3 and #4 in Study
II. It is noted also that the responses of only one subject (#2) are
largely responsible for the greater loudness increase for the narrow-
band noise condition and also for the large error term. Thus, of the
six subjects showing loudness increasés in the two studies only one

appears to perform differently with respect to the two noise types.

Noige Level

The mean loudness level increase with the low level noise
was 2. 8 dB and the mean loudness level increase with the high level
noise was 2. 9 dB, a difference of only 0.1 dB which, of course, was
not significant at the . 05 level. There was considerable variation
among subjects. Two subjects obtained greater loudness increase un-
der the high noise condition; the other two showed the opposite effect.
Similar results were obtained in the first study. The lack of a signi-

ficant interaction between noise level and test tone frequency indicates
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that the lack of the significance of the noise level factor is common to

all test tone frequencies.

Tone Frequency

Figure 7 shows the mean loudness level increase obtained in
noise as a function of tone frequency. The tone-frequency factor was
significant at the . 01 level. The greatest loudness increase of 3.3 dB
is seen at 1000 Hz, while the smallest increase of 2.4 dB is shown at
500 Hz. Although the relative differences in loudness increase shown
between frequencies is small all subjects followed a similar pattern
in their responses producing the significant effect. A further break-
down of the data by subjects is shown in Figure 8, which illustrates
not only the consistent response patterns at the various frequencies
but also the small range of variability across subjects which is re-
flected in a small error term (see Table 1).

Similar results were obtained in the first study with respect
to the pattern of response, but they were not significant apparently due
to the greater intersubject variability in that study.

The test tone frequency effect has also been found to be a

significant variable in other similar studies (24, 29, 35).

Tone Level
Significant differences in loudness increase across conditions

as a function of tone level are presented in Figure 9. 7The greatest
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loudness increases were generally obtained at the medium tone levels,
while the smallest increases always appear at the high tone levels.
This is true for all subjects except Subject #3 who obtained the great-
est loudness increases at low tone levels. The tone-level effect is
nificant in spite of the relatively large intersubject variation as
shown in Figure 10.

The significant tone level effect found in this study agrees
with the results obtained in the studies of Loeb and Riopelle (17),
Prather (24) and Vigran (35), but differs with the non-significant re-

sult found by Shapley (29).

Procedural Variables

There were no significant differences or interactions with re-
gard to whether a subject varied the tone heard alone or the one which
was presented with the contralateral noise. This finding is notable in
view of the complaint by most of the subjects that a loudness balance
was more difficult to achieve when the tone they were required to vary
was presented with the noise, especially at high noise and low tone
levels. This result is also in contrast with the significant interaction
observed between TWN-TA and tone level in Study I.

There was also a small error term shown for the subjects in
the present study indicating that the responses of individual subjects

were fairly homogeneous with respect to whether the tone alone or
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tone -with-noise was adjusted.
There was a significant difference in the magnitude of loud-
ness increase as a function of whether the subject made an initial ap-

proach to the balanced condition from a tone level below or above the

t the , 058 level of

A greater mean loudness increase of approximately 1.0 dB
was obtained when the initial approach to the balanced condition was
from below. It was noted that the magnitude of this difference was
considerably greater under the broad-band noise condition; however,
the interaction between the direction of approach and noise type was
not statistically significant. The small error term indicates very
little intersubject variability for this procedural variable.

Relationships Between Stimulus Parameters
And Comparison with Other Studies

A more detailed breakdown of the data obtained in this study
is shown in Figures 11 a, b, ¢, and d. Figures 11 a and b show loud-
ness increases as a function of tone level, with frequency as the run-
ning parameter, at low and high levels of broad-band noise. Figures
11 ¢ and d show the same relationships obtained under the narrow-
band noise condition.

Each point represents a mean of 16 observations, which in-

cludes four measures with differing procedural variables (TWN-TA,
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down-up) for each of the four subjects.

Tone Level and Noise Relationships at 1000 Hz

With one exception the greatest loudness increases obtained
for the 1000-Hz tone in the presence of contralateral noise were found
at medium tone levels regardless of the noise type or noise level. It
will be recalled that the medium tone levels used in this study were
selected to approximate the spectrum level of the noise regardless of
noise type or noise level. These results then support Rowley's (27)
observation that the greatest loudness increases obtained for a 1000-Hz
tone heard in the presence of a broad-band contralateral noise will oc-
cur at tone levels which approximate the spectrum level of the noise
and that if the tone level is above or below the noise spectrum level
progressively smaller loudness increases will be obtained. The ex-
ception mentioned above occurred at the high noise level under the
narrow-band noise condition. There, the greater loudness increase
is found at the low tone level with smaller increases occurring at
medium and high tone levels in an almost linear relationship. Without
exception, however, the smallest loudness increases for the 1000-Hz

tone are found at the high tone levels.
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The absence of a significant interactio
and noise level for the 1000-Hz tone in the overall analysis coupled

with the fact that the medium tone level always approximated the



]
b

spectrum of the noise indicates that the observed deviations from this
generalization are not statistically significant.

Nevertheless, at the high narrow-band noise level there is a
deviation from this basic pattern (Figure 11d). The greatest loudness
increase cccurs not at the medium tone level (which approximates the
spectrum level of the noise) but at the low tone level which is about 8
dB lower than the spectrum level of the narrow-band noise. Rowley's
generalization does not seem to hold under this noise condition. But
Rowley observed this same discrepancy under similar conditions.. He
stated (27, p. 128) that '"the knee (or point of maximum loudness in-
crease) of the loudness function with 100 dB of contralateral noise falls
slightly below, rather than above, the (broad-band) noise spectrum
level. "

Vigran found maximum loudness increases at the tone level
that was 9 dB below the spectrum level of a 100-dB, narrow-band,
noise. However, he also observed relatively large summation effects
(only 0.3 dB less than the maximum increase observed) at a tone level
that was within 1 dB of the spectrum level of the noise. These results
are similar to those found in the present study under the high-level,
narrow-band necise condition.

The low, medium and high tone levels used in this study under
each noise condition actually represent different intensities, although

there is considerable overlap of tone levels across conditions. Itis
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possible to observe the effects of the different noise types and levels
on the loudness increase obtained at a given tonal intensity level. The
overall noise intensity levels are the same for both broad and narrow-
band noises. These are 75 and 95 dB for low and high noise levels,
respectively.

Figure 12 shows the effects of high- and low-level, broad-
and narrow-band contralateral noises on the loudness of the 1000-Hz
tone when plotted as a function of the actual tone intensity levels used.
The marked peakedness of three of the curves obviously reflects the
greater increases at the medium tone levels. It is seen that there is
very little difference in the mean loudness level increases obtained at
the standard tone level of 40 dB under the broad- and narrow-band
noise conditions, both of which were presented at the low (75-dB SPL)
level. However, marked noise type effects are seen at the 50-dB tone
level where 3.0 dB greater loudness increases were obtained under
the narrow-band noise condition than under the broad-band noise con-
dition. This is notable since the overall noise levels were the same
for both broad- and narrow-band noise conditions but the spectrum
levels differed by 10 dB. Only slightly greater loudness increases
(0.3 dB) were obtained for the 60-dB tone level under the narrow-band
noise condition than under the broad-band noise condition when both
were presented at 95 dB SPL. At the 70-dB tone level the mean loud-

ness increases obtained under the narrow-band noise condiiion were
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about 1.7 dB greater than those obtained under the broad-band condition
when both noises were presented at 95 dB SPL.

In summary, it would appear that the results of this study, at
1000 Hz at least, support the generalizations that the maximum loud-
negs increase occurs when the tone level approximately equals the
spectrum level of the noise, that the summation is reduced more
sharply when tone levels are above this level than when they are below,
and that at high noise levels, tone levels that are somewhat below the
noise spectrum level may produce equal or greater summation effects.

Tone Level and Noise Relationships
by Frequency of the Test Tone

Figure 13 reveals that the 500-Hz tone curve interacts little
with tone level. In particular, the larger loudness increase at the
medium tone level is not present at this frequency. While the results
for 500 Hz show less loudness increase under nearly all conditions
and while the acoustic reflex might be responsible, the data do not
clearly suggest this or any other factor as an explanation. The fact
that the greater increase at the medium tone level is absent at 500 Hz
suggests that this effect may occur only when the test tone is within or
above the noise band or it may suggest that the effect is simply absent
at 500 Hz. The data as shown in Figures 11 a, b, ¢, and d suggest
that the results are essentially the same for either noise type which

supports the latter of these two generalizations. The nonsignificant
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noise type by tone frequency interaction further emphasizes that this
effect is not related to the bandwidth or center frequency of the noise
band but depends only upon the frequency of the test tone.

Only under the high-level, narrow-band noise condition does
the curve for the 500 Hz tone drop sharply at the high tone levels,
showing about 1.5 dB smaller loudness increases than were shown for
either the 1000-Hz or 2000-Hz tones. - This indicates that under this
condition there was either less loudness summation present, a greater
counteracting force (which could be attributed, at least in pai-t, to the
acoustic reflex), or a combination of these factors.

The shape of the overall 500-Hz curve could be interpreted as
reflecting an energy-limiting effect similar to that observed by Loeb
and Riopelle (17) in that there appears to be greater counteracting force
as greater tonal energy is presented. The results at other frequencies
suggest another explanation, however, the unique results at 500 Hz
leaves this possibility open at this frequency.

Loudness increases obtained for the 2000-Hz tone at different
tone levels follow a pattern generally'r similar to that found for the
1000-Hz tone as is shown in Figure 13 and in the more detailed Figure
11 2, b, ¢, and d. Greater loudness increases usually occur at the
medium tone levels, while smaller increases are found at the low and
particularly at the high tone levels. The data, as shown in Figure 11,

indicates that this basic relationship varies somewhat with noise type
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and noise level, since under the high-level, broad-band noise condition
slightly smaller loudness increases were obtained at medium tone
levels than were recorded at low tone levels. At 1000 Hz this occurred
with the high-level, narrow-band noise only. Under the narrow-band,
vigh-level noige condition the loudness increases observed at 2000 Hz
were nearly as great at low tone levels as at medium tone levels. Thus,
it is seen that the curve obtained for the 2000-Hz tone also shows the
tendency noted earlier at 1000-Hz of producing equal or slightly great-
er loudness increase at tone levels somewhat below the noise spectrum
level when the contralateral noise is intense.
Relationships Between Test Tone Frequency,
Noise Bandwidth and Noise Level

A stated purpose of this study was to compare the loudness in-
creases produced in test tones under broad- and narrow-band noise
conditions. Another was to determine if differences in loudness change
exist between tones that are below, at the center of, and above the
bandwidth of the narrow-band noise. These noises were presented at
levels both above and below those which should elicit the acoustic re-
flex.

Figure 14 shows the mean loudness increase obtained at the
three test frequencies under broad- and narrow-band noise conditions
at both high and low noise levels. Loudness increases shown under the

narrow-band noise condition are, on the average about 0.7 dB greater
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for the 500-Hz tone and about 1.1 dB greater for the 2000-Hz tone than
obtained under the broad-band noise condition. With the exception of
one data point there is no interaction. The data point at 500 Hz with
the high-level, narrow-band noise suggests that this is the only noise
which produced a significant effect attributable to acoustic reflex ac-
tivity, under all other circumstances frequency of the test tone has lit-
tle effect on the loudnesgs increase produced with narrow- or broad-
band noise.

The level of the thermal noise in the region of 500 or 2000 Hz
was reduced by about 29 dB by the filter. Therefore, the equal loud-
ness increases experienced for the 2000-Hz tone and the 500-Hz tone on
one condition under the narrow-band noise condition may be due to a
kind of frequency spread of summating effects. The downward spread
of loudness summation was also observed in Vigran's (35) study where
the 1/3-octave band of contralateral noise centered at 2500 Hz was
always higher in frequency than the test tones. The results of this
study indicate very little frequency effect, at least when the tones are
within one octave of the center of the noise band.

The Magnitude of Loudness Changes Compared
With Those Obtained in Other Studies
It has been observed that the mean loudness changes given

above for the present study are considerably smaller than those ob-

served by any of the other investigators cited who demonstrated
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loudness increases regardless of the method by which they were ob-
tained. For example, the maximum mean loudness level increase of
from 3.0 to 4. 5 dB shown for Study II is not as great as the 12- to 13-
dB increases observed by Rowley (27), and 6- or 7-dB increases re-

orted by Egan (7), or the 7.5-dB increases reported by Vigran (35).

r
{Shapley (20) reported mean loudness decreases of 15.1 dB while Loeb
and Riopelle's (17) subjects produced loudness decreases of from 7 to
8 dB. The mean loudness changes produced by Prather's (24) subjects
ranged from loudness decreases of 4.0 dB to increases of about 8.0
dB, (depending upon the listening conditions and the type of judgment re-
quired of the listener.)

The loudness level change of from 2.0 to 4.5 dB obtained in
this study represents loudness ratios of about 1. 2 to 1.4 to 1 which are
somewhat smaller than the binaural-monaural loudness ratios for pure
tones of 1.4 to 2.3 to 1 observed by Reynolds and Stevens (26) or the
1.5 to 2.6 to 1 ratio of loudness increase in the presence of contra-
lateral noise observed by Rowley (27). There appears to be no im-
mediate explanation for the smaller loudness level increases obtained
in this study. However, the fact that all of the other studies which
produced greater loudness changes contained a silent period in the
timing sequence of tone and/or noise presentation while this one did not

should receive further study as well as the relationship of this variable

to the subjects response criterion as discussed earlier.



CHAPTER V

SUMMARY AND CONCLUSION

Introduction

The effects of contralateral noise on the perceived loudness of
monaurally-balanced pure tones have been investigated rather exten-
sively, but many of these previous studies (4, 7, 24, 29) have produced
conflicting results. Some (4, 14, 29) have shown decreases in the
loudness of pure tones when they were paired with noise in the opposite
ear. This effect has generally been attributed to the action of the
acoustic reflex, since it is known that the reflex is activated bilater-
ally by high-level noises and that it attenuates the transmission of
sound to the inner ear (14, 17, 19, 25, 29). Loudness decreases have
also been attributed to transcranial masking when high-level noises
and low-level tones have been involved (27).

Other studies in which monaural loudness balances were per-
formed using pure tones (24, 27, 35) and speech (7) have found loud-
ness increases in the presence of contralateral noise, even though the
psychophysical techniques or physical parameters, or both varied
from study to study. This increase has been atiributed to ihe

91
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principle of binaural summation of loudness by the authors of all these
studies. However, some authors (24, 29) acknowledge the possibility
of a loudness increase due to the facilitory action of the middle ear
muscles at frequencies above 1000 Hz.

One study (24) found differing results across similar stimulus
conditions, depending upon the subject's listening task. ILoudness de-
creases were generally experienced when the subjects balanced only
the relative loudness of tones in quiet against the loudness of the same
frequency tone sounded in the presence of a contralateral noise. How-
ever, when adjustments were made to equate also the apparent pitch of
the two successive tones then loudness increases were obtained.

The results of the literature reviewed supported the following
generalizations. First, greater loudness decreases were obtained at
frequencies below 1000 Hz (14, 29) and second, loudness decreases
were obtained for the intensity combinations of low tone and high con-
tralateral noise levels or high tone and high noise levels (24, 27, 35).
Third, loudness increages were obtained in the presence of contralat-
eral noise at frequencies of 1000 Hz and higher (24, 27, 35), at low
tone and moderate noise levels (24, 27), or at moderate tone and high
noise levels (24, 27, 35), at least under conditions where tones being
compared were within the frequency band of the contralateral noise (24,

27, 29) or below the noise band in frequency (35).
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Experimental Design and Procedure

Two studies are reported which are identical in most respects
but which differ with respect to the criteria the subjects were instructed
to use in evaluating the relative loudness of a series of monaurally-
presented pure tones of the same frequency, every other one of which
was accompanied by a contralateral noise burst. The main purpose of
both studies was to investigate the effects on the loudness of a pure
tone resulting from being paired with a contralateral noise when noise
type, noise level, tone frequency, and tone level were systematically
varied. Specifically, a broad and an octave-bandwidth noise were each
presented to the left ears of four subjects at a high level which should
elicit the acoustic reflex and also at a low level which should not. The
test stimuli were presented to the right ear and included a 1000-Hz
tone which was at the center of the one-octave band of noise, a 500-Hz
tone which should have been affected by the acoustic reflex, and a
2000-Hz tone which was higher in frequency than the noise band and
which should not have been influenced by the reflex.

Each tone was presented at three levels that varied with each
noise type and noise level. The medium tone level always approximated
the spectrum level of the noise, irrespective of noise type or noise
level. The purpose of this arrangement was to further investigate
Rowley's observation that maximum summation (or loudness increase)

usually occurs at tone levels which approximate the specirum lievel of
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the noise.

Two procedural effects were investigated also. It was ob-
served in some studies that the tone presented with the noise (TWN)
had been varied by the subject (24, 29) while in others the tone appear-
ing alone {(TA) had been the variable (comparison) tone (35).- The
TWN-TA variable was tested by having subjects vary both the tone-
with-noise and the tone alone under all of the stimulus conditions. Al-
though other investigators reported having their subjects approach the
balanced condition from both directions there was no evidence of any
systematic study being made of this variable. Neither was there any
discussion as to how the apparent loudness change differs, depending
on the direction of approach. Based on the differences shown during
a pilot study it was decided that in the present study separate measures
would be obtained according to whether the balanced condition was
initially approached from an intensity below or from above the intensity
of the standard tone.

In the first study four trained, normal-hearing adults--
sophisticated in psychophysical procedures--used the method of adjust-

ment to obtain monaural loudness balances under the conditions des-

cribed above. Prior, to the gathering of the data each subject was
given several training sessions during which he practiced the experi-
mental task until consistent measures were obtained. It was implied

in the insiructions given to these subjecis during ihe training sessions
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(see page 47) that they would learn to disregard the contralateral noise
and to concentrate on matching only the loudness of the two test tones
appearing alternately in the test ear.

The data were collected in two listening sessions of approxi-
mately one and one-half hours each. Conditions were the same in each
session except that narrow-band noise was presented during one ses-
sion and broad-band noise during the other, the order varying with the
subject. Under each noise type the 36 combinations of the four stimu-
lus parameters plus the two procedural effects investigated were pre-
sented in as nearly a balanced order and balanced coincidence as
possible.

The alternating standard and comparison tones both had the
same on-times of 400 msecs, separated symmetrically by off-times of
600 msecs during a given two-second period. The contralateral noise
was on for 400 msecs and then off for 1600 msecs before being paired
with the next standard or comparison tone.

In the second study four normal-hearing, previously inexperi-
enced subjects were used. The procedures were essentially the same
as in Study I except that each subject was asked to follow a specific
listening criterion; namely, to consider the tone heard with the con-
tralateral noise together with the tone's associated noisiness as a
single complex signal against which he should compare the loudness of

the tone heard without the noise.
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The data from both studies were evaluated using an analysis of
variance designed for multi-factor experiments having repeated mea-

sures (40).
Resgults

Study I

The data from Study I showed that Subjects #1 and #3 obtained
mean loudness changes across conditions which were almost equal and
opposite to those shown by Subjects #2 and #4. The mean loudness in-
crease averaged across all subjects was less than 0.3 dB. Because of
the divergence of the two pairs of subjects it was decided at this. point
to carry out the second study. However, it seemed worthwhile to evalu-
ate the results of Study I by treating Subjects #1 and #3 and Subjects #2
and #4 as two separate groups in order to obtain an impression of the
magnitude of the differences, whatever their cause, and also to obtain
some evaluation of the influence of the other main effects.

This analysis showed significant differences between the two
groups. Group #1 (Subjects #1 and #3) produced an overall mean loud-
ness increase of 2.4 dB. Group #2 (Subjects #2 and #4) produced an
overall mean loudness decrease of 1.8 dB. The difference between
these two groups is significant at the . 05 level.

When the four subjects were questioned as to possible reasons

for the large discrepancies in resuits it was determined thai there were
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differences in the applied listening criteria. Subjects #2 and #4 (those
that produced loudness decreases) reported that they had mentally tried
to suppress or block out both the contralateral noise and the added noisi-
ness around the tone which was presented with the noise, during the
balancing task. They had tried to concentrate on only the tone itself
which seemed to appear in the midst of the noise. The other two sub-
jects (#1 and #3) reported that they had considered the tone and its as-
sociated noisiness as a sort of combined complex tonal-like signal to
which it was easier for them to match the tone occurring alone. The
use of this criterion apparently resulted in the loudness increases. It
was apparent from these comments that either loudness decreases or
increases could be obtained depending upon whether a subject attended
to only the pure tone element of the complex or whether he included in
his judgments the fringe area noisiness which accompanied the tone
appearing with the contralateral noise.

A number of studies (22, 24, 29, 30, 34) were reviewed in
which the authors discussed the differences in results which appeared
to be connected with either differences in the perceived character of
the signal or with variations in interpretations of instructions to do an
assigned psychophysical task. It is suggested that some of the diver-
gent results obtained in some of the loudness balance studies reviewed
in Chapter II (24, 29) were produced in part by differences in the cri-

teria used by the subjecis in perforining the assignc
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Also significant at the .05 level of confidence was noise type
which showed an overall loudness increase that was 1.1 dB larger un-
der the narrow-band noise condition. None of the interactions between
noise type and the other conditions was significant.

A small but significant (. 05) interaction was shown between
the procedural variable of TWN-TA and tone level. When the tone
alone (TA) was varied by the subject smaller loudness increases were
experienced at low and high tone levels while larger increases were
found at medium tone levels. When the tone-with-noise (TWN) was
varied the reverse order was true, except that the greatest loudness
increase also occurred at the low tone level.

No other main effects or interactions were significant.

Study II

In this study all subjects were requested to maintain the same
listening criterion as that described for Group #1 (Subjects #1 and #3)
in the first study (see page 53). Their ability to maintain this criter-
ion is indicated by the overall mean loudness increase of 2.8 dB, ob-
tained for all subjects across conditions. This value compares favor-
ably with the mean of 2.4 dB obtained by Group #1 of Study I across
the same conditions. It was also noted that the overall mean loudness
increase for each subject in Study II ranged from 2.0 dB for Subject

#4 to 3.8 dB for Subject #1. This range of only 1.8 dB could be cited
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in evidence that these previously inexperienced subjects were using es-
sentially the same listening criterion. There were no mean loudness
decreases obtained in Study II under any condition.

In comparing the results of Studies I and II it was apparent
that the instructions given the subjects were of paramount importance.
On the other hand it was found that previous training of subjects for the
loudness-balance task was relatively unimportant in obtaining reliable
results. In fact, unless instructions are very specific a subject can be
trained to follow a criterion different from that intended by the investi-
gator.

It was observed that the mean loudness level changes obtained
in this study were considerably smaller than those observed by all
other investigators (7, 17, 24, 27, 29, 35) reporting similar studies
regardless of the methods used. There seems to be no immediate ex-
planation for this. However, it was noted that all of the other investi-
gators inserted a silent interval in the timing sequence governing the
presentation of the standard and comparison tones while this study did
not.

The analysis of variance showed that tone frequency, tone
level and the procedural variable of down-up (i. e. direction of initial
approach to the balanced condition) were the significant variables in
determining the loudness level increases obtained for pure tones heard

in the presence of contralateral noise.



The greatest mean loudness increase obtained across all con-
ditions as a function of tone frequency was obtained with a 1000-Hz
tone while the smallest increase was found for the 500-Hz tone. These
results were expected since the 1000-Hz tone equalled the center fre-
quency of the contralateral noise in the case of the narrow-band noise
and the 500-Hz tone should have been most affected by the acoustic re-
flex. However, the difference between the mean loudness increases
obtained for these two tones was surprisingly small (0.5 dB). Still,

a very small intersubject variability factor caused the tone frequency
main effect to be significant at the . 01 level of confidence. The signifi-
cant tone frequency effect was also found in other studies (17, 24, 29,
35). A breakdown of these data by noise level and noise type (Figure
14) revealed that this significant result occurred largely on the basis
of the outcome at 500 Hz with the high-level, narrow-band noise. It
was thought that this noise was the only one which elicited an effective
acoustic reflex.

The significant tone level main effect found in this study agrees
with the results obtained by Loeb and Riopelle (17), Prather (24) and
Vigran (35) but differs from the non-significant result found by Shapley
(29). The greatest loudness increases were generally obtained at the
medium tone levels. Since these levels were selected to approximate

the spectrum level of the noise, regardless of noise iype and noise
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level this outcome supports Rowley's (27) observation that the greatest
loudness increase can be expected at tone levels which approximate the
noise spectrum level. The smallest loudness increases were found at
tone levels which were above the spectrum level of the noise. This was
2lzc noted by Rowley and can be seen in the results of other investiga-
tors (7, 24, 35) as well.

Although there were no significant interactions among stimu-
lus parameters, a number of interesting relationships between tone
level and/or tone frequency and the contralateral noise conditions were
observed. For example, it was noted that at high noise levels the tone
levels that are somewhat below the noise spectrum level may produce
equal or slightly greater loudness summation effects. Rowley also has
noted similar exceptions to his observed tone-level, noise-spectrum-
level relationship. It was seen also in Vigran's (35) study that the
greatest loudness increases were obtained at tone levels that were up
to 10 dB below the noise spectrum level.

There was very little interaction noted between the 500-Hz
tone and tone level under any of the contralateral noise conditions.
Notably absent was the greater loudness increase shown at medium tone
levels for the 1000- and 2000-Hz tones. This may suggest an energy-
limiting effect of the acoustic reflex as suggested by Loeb and Riopelle
(17). While the acoustic reflex may be responsible for this effect in

the present study, the data do not clearly suggest this or any other
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factor as an explanation since the results are similar under all con-
tralateral noise conditions. The greater loudness increase at medium
tone levels may occur only when the test tone is within or above the
noise band or it may simply be absent at 500-Hz.

UInder the high-level, narrow-band noise condition the curve
for the 500-Hz tone dropped sharply at the high tone levels, showing
about 1.5 dB gmaller loudness increases than were shown for either
the 1000- or 2000-Hz tones. This indicates that under this condition
there was either less loudness summation present, a greater counter-
acting force (which could be attributed, at least in part, to the acoustic
reflex), or a combination of these factors.

Loudness increases obtained for the 2000-Hz tone at different
tone levels follow a pattern similar to that obtained for the 1000-Hz
tone with greater loudness increases shown at medium tone levels and
smaller increases shown at low and particularly at high tone levels.
The greatest increases are shown under the low-level, narrow-band
noise condition, although increases as great were obtained under the
high-level, narrow-band noise condition at 1000 and 2000 Hz tone fre-
quencies. Greater loudness increases were obtained at practically all
tone levels and for all frequencies under the narrow-band noise condi-
tions. However, the noise type main effect did not reach statistical
significance. It was shown also that the loudness increases produced

in the 500-Hz and 2000-Hz tones under the narrow-band noise condition
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are not overlapped by the bandwidth of the narrow-band noise.

The noise level main effect was not significant and there was
essentially no numerical difference between the mean loudness in-
creases obtained at low noise levels and those obtained at high noise
levels. Of course, the noise-level, tone-level interaction would not be
expected to be significant since the medium tone levels were selected
to approximate the noise spectrum level regardless of noise type or
noise level. The non-significance of this interaction adds further sup-
port to the generalization concerning the tone-level, noise-sgpectrum-
level relationship.

The procedural variable of TWN-TA was not significant in
this study nor was there a significant interaction between this variable
and tone level as was found in Study I. Howcver, there was a signifi-
cant difference according to whether the loudness balance was initially
approached from a level above or from a level below the level of the
standard tone. Consistently greater loudness increases were obtained
when the loudness balance was initially approached from a level below
the standard tone level.

In conclusion the two studies summarized in the foregoing
discussion have supported results of certain previous studies in demon-
strating that a noise presented to one ear increases, under certain

conditions, the loudness of a pure tone presented simuitaneousiy to the
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other ear. The magnitude of the loudness increase has been shown to
be related to (1) the instructions given to the subject and his consequent
criterion for making loudness balance judgments (2) the intensity level
and frequency characteristics of the stimulus parameters, and (3)

a variahle in the subjects' response procedure.
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TABLE 2

SUMMARY OF THE ANALYSIS OF VARIANCE FOR STUDY II

INTERACTIONS BETWEEN MAIN EFFECTS ONLY

Degrees of Mean
Source Freedom Square F
Noise Type X Noise Level 1 0.17 0. 01
Subject X Noise Type X b
Noise Level {Error 3) 3 12, 86 3.96
Noise Type X Tone Frequency 2 2.59 1. 62
Subjects X Noise Type X Tone
Frequency (Error 5) 6 1. 60 0.49
Noise Level X Tone Frequency 2 6.51 0. 31
Subject X Noise Level X Tone b
Frequency (Error 6) 6 20.95 6. 40
Noise Type X Tone Level 2 8. 56 1.24
Subjects X Noise Type X Tone a
Level (Error 8) 6 6. 89 2.12
Noise Level X Tone Level 2 2.59 0. 31
Subjects X Noise Level X Tone a
Level (Error 9) 6 8.43 2. 60
Tone Frequency X Tone Level 4 6.85 0.99
Subjects X Tone Frequency X a
Tone Level (Error 10) 12 6.94 2. 14
Noise Type X TWN-TA 1 0.00 0.01

(Continued on next page)

aSignificant at the . 05 level of confidence.

DSigni.ﬁca.nt at the .01 level of confidence.
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SUMMARY OF THE ANALYSIS OF VARIANCE FOR STUDY II

INTERACTIONS BETWEEN MAIN EFFECTS ONLY

Degrees of Mean
Source Freedom Square F

Subjects X Noise Type X

TWN-TA (Error 12) 3 0. 86 .27
Noise Level X TWN-TA 1 0.01 .13
Subjects X Noise Level X

TWN-TA (Error 13) 3 0.11 . 04
Tone Frequency X TWN-TA 2 1.54 .43
Subjects X Tone Frequency X

TWN-TA (Error 14) 6 1.07 .33
Tone Level X TWN-TA 2 1.22 .35
Subjects X Tone Level X

TWN-TA (Error 15) 6 0. 36 .11
Noise Type X DOWN-UP 1 50. 76 .42
Subjects X Noise Type X

DOWN-UP (Error 17) 3 14. 85 .58
Noise Level X DOWN-UP 1 22.56 . 61
Subjects X Noise Level X

DOWN-UP (Error 18) 3 6.24 .93
Tone Frequency X DOWN-UP 2 1.34 .70
Subjects X Tone Frequency X

DOWN-UP {(Error 19) 6 1.92 . 59
Tone Level X DOWN-UP 2 11.87 .17

(Continued on next page)

aS'1gnifica.nt at the .05 level of confidence.

b.. . s .
Significant at the .01 level of confidence.
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TABLE 2 (continued)

SUMMARY OF THE ANALYSIS OF VARIANCE FOR STUDY II

INTERACTIONS BETWEEN MAIN EFFECTS ONLY

Degrees of Mean
Source Freedom Square ¥
Subjects X Tone Level X
DOWN-UP (Error 20) 6 5.48 1. 69
TWN-TA X DOWN-UP 1 4. 69 8. 84
Subjects X TWN-TA X
DOWN-UP (Error 21) 3 0.53 0.16
Within Cell 436 3.24




