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AN INVESTIGATION OF FACTORS CONTRIBUTING TO
LISTENER RATINGS OF LOUDNESS AND EFFORT

FOR SELECTED SPEECH SAMPLES
CHAPTER I
INTRODUCTION

In recent years, investigators have attempted to define the
ipput-output relationships that exist for various sensory transducers as
they are revealed by changes in the behavior of human subjects (28, 29).
From such studies has come a better understanding of the interactions
between the physical properties of stimuli and the hercepts that arise
from sensory experience with them. The researcher in speech has been an
active participant in this line of inquiry based on his interest in
understanding the relationships betuween the physiologic and acoustic
events of speech and the perception of these events by listenpers. One
area in which this interest has been focused concerns the relationship
between the intensity of vocal production and the degree of loudness per-
ceived by listeners. An understanding of this relationship could be
expected to shed light on the strategies employed by humans in the pro=-
duction and perception of speech.

While intensity-loudness relationships for pure-tone stimuli
have been relatively well defined (28, 29), the same is not true for

1
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speech signals. Lane, Catania, and Stevens (16) report that when
speakers are asked to rate the loudness of their own vowel productions,
obtained using the method of magnitude production, loudness increased in
relation to sound pressure level at a faster rate than that reported for
listeners rating the loudness of pure tones. To explain this phenome-
non, the authors hypothesized that speakers use cues to the physical
magnitude of the speech level which a;i;e from kinesthetic feedback from
the speech production mechanism, in addition to the intensity of the
signal. These cues may reflect the amount of effort used to produca
speech at different intensities.

As part of the same experiment, subjects were asked to rate the
loudness of their own recorded vowel productions., Their loudness
ratings resembled those of subjects rating the loudness of pure tones,
The authors concluded that the subjects who rated the speech samples
depended on the physical magnitude (intensity) of the vowel stimuli
rather than on cues to the amount of effort used to produce the vowel.
In a subsequent study, however, Mendel et al. (21) reported systematic
differences in loudness ratings of vowels and other types of speech
stimuli, depending upon whether or not changes in signal intensity were
accompanied by changes in speaker production effort.

When the complexity of the speech signal increases, that is,
when vowels and consonants are combined into syllables or larger speech
units, the loudness function reported by listeners is similar to that
reported by speakers when judging the loudness of their own vowel pro-
ductions (1, 2, 3, 9, 15). It is thought that relevant cues to the

loudness of speech are provided by spectral changes in the acoustic
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signal which accompany variations in the effort used by the speaker to
produce a particular speech sample at different intensities (7, 9).

Acoustic parameters which have been found to contribute to
listeners' perceptions of vocal effort include speech power, fundamental
vocal frequency, and phonetic quality (18). In addition, it has been
demonstrated that the complexity of the speech sample affects loudness
ratings assigned by listeners (8, 15, 16, 22). However, there have
been few attempts to investigate, in a single study with uniform speech
samples, the effects of those factors which could contribute signifi-
cantly to listeners' ratings of speech loudness and effort. Informa-
tion gained from such an investigation could contribute materially to an
understanding of the speech perception process. Further, such an inves-
tigation could be expected to provide direction for future studies of
the relationship between speech sound production and its perceived loud-
ness and effort. It is the purpose of the present study, therefore, to
investigate the effects of production intensity, playback intensity,
fundamental vocal frequency change accompanying alterations in produc-
tion effort, vowel identity, and type of speech sample on listeners'

perceptions of spesch loudness and effort.



CHAPTER II
REVIEW OF THE LITERATURE

Studies of the loudness of speech have focused on the psycho-
logical correlates of changes in the intensity of isolated vowels (1,
4, 15, 16, 18, 21, 31), consonant-vowel syllables (1, 15, 17, 21, 23),
and connected sentences (8). The results of these studies suggest that
speech loudness is not dependent upon a single acoustic cue, but,
rather, depends upon complex relationships among a number of acoustic
cues. No investigators have attempted to determine in a single study
the effects of a number of these variables which individually have been
shown to provide pertinent information about the loudness of speech,
The present investigation considered the effects of vocal intensity,
playback intensity, type of speech sample (vowel or sentence), and vari-
ations in fundamental vocal frequency accompanying alterations in speak-
ing level (vowels) upon listener ratings of speech loudness and speech
effort. Literature reviewed as background for this study is reported
under the major headings: (a) physiologic correlates of speech loud-

ness, and (b) psychoacoustic studies of speech loudness.

Physiologic Correlates of Speech Loudness and Effort

When a speaker increases his speaking level, he may do so by

using greater "vocal effort." That is, he may increase the amount of
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work done by the physiological mechanisms normally used for speech pro-
duction. Models of the speech production processes postulate an inter-
action between pulmonic (subglottal) pressure and pressures within the
oral cavity (lingual and intra-oral pressures). A number of investiga=-
tors (10, 15, 17, 19, 20, 23) have attempted to define "vocal effort"
in terms of interactions among these physiological correlates of speech
production.

The impetus for this line of investigation was provided by the
results of a study by Lane, Catania, and Stevens (16) who related a
speaker's estimates of the loudness of his own vowel productions (the
autophonic response) to the 1.1 power of the sound pressure of the
vowel production. Moreover, they reported that when auditory feedback
to the speaker was reduced, the form and slope of the loudness function
was altered little. They concluded that physiological feedback from the
act of vocalization, that is, the speaker's subjective estimate of his
own vocal effort, was more important as a source of information about
speaking level than was the loudness of the signal itself.

Subseguently, a number of investigators have attempted to
define the physiological correlates of vocal effort. Ladefoged and
McKinney (15) concluded that the work performed on air during speech
production was approximately proportional to the square of the subglot=-
tal presure. This finding suggests that the amount of work done in pro-
viding pulmonic air needed to support the vibration of the vocal folds
is a primary physiological correlate of speaking effort.

This relationship does not appear to hold over the entire range

of vocal fundamental frequencies, however. Isshiki (14) reported that
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air flow through the glottis increases when speakers phonate at higher
rather than lower pitches., He hypothesized further that glottal resis-
tance is probably of primary importance in requlating vocal intensity at
low pitches, while at high pitches air flow rate assumes greater impor-
tance. Thus, even though subglottal pressure was reported by Ladefoged
and McKinney to increase linearly with vocal intensity, the interaction
of the physiolegical voice production mechanism with the rising air
stream appears to be non-uniform over the entire pitch range.

fFurther, it appears that intensity regulation may be subject
to some degree of speaker-to-speaker variability. Re-examination of
graphs presented by Isshiki reveals some variability in air flow rates
at each pitch attributable to the individual speakers. More recently,
Scharf (26) asked three speakers to produce a single vowel (/q/) at a
"comfortable" speaking level. A different intensity was recorded for
each speaker. When the same speakers were asked to phonate at differ-
ent self-perceived levels of vocal effort, uniform changes in speaking
intensity were not observed from speaker to speaker. These findings
suggest that individual speakers probably do not utilize the same amount
of physiological effort to phonate at the same intensities.

Recently, investigators have attempted to define the relation-
ship of the supraglottal articulators to pulmonary function as part of a
sensory feedback system used in the perception of speaking effort.
Malecot (19, 20), for example, has speculated that physiological feed-
back from the interior of the oral cavity, based on intraoral air pres-
sure, regulates the lenis/fortis (voiced/voiceless) contrast noted among

English consonants by a number of other investigators (2, 6, 12, 30).
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Further evidence that measures of intraoral air pressure are
related to ratings of speech effort has been provided by the results of
a number of recent studies. Ringel et al. (23) demcnstrated that
speakers are able to scale the degree of effort used in ccnsonant pro-
duction, and show that measures of intraoral air pressure relate well
to changes in the speaker's articulatory effort., 1In a subsequent study,
Brown and Brandt (9) tested speakers' abilities to control the intensi-
ties of speech utterances both with and without auditory feedback.

They reported that when speakers received binaural masking, measures of
SPL and intraoral pressure varied little from measures obtained during

a condition of no masking. In other words, the speakers appeared to be
using sensory-motor information in addition to auditory feedback in con-
trolling and maintaining constant speech intensity.

More recently, Leeper and Noll (17) found that measures of per-
ceived vocal effort obtained using the methods of magnitude production
and magnitude estimation were power functions of intraoral air pressure,
lingual (tactile) pressure, and sound pressure level (SPL)., The inves-
tigators speculated that force applied to the oral mucosa excites kines-
thetic, touch, and, perhaps, pressure senses, That listeners were able
to rate the amount of effort used by the speakers implies the presence
of cues to this percept within the acoustic signal.

The results of these studies suggest that vocal effort is a
result of the work done by the entire speech production mechanism.
Moreover, mechanical pressures generated throughout the vocal tract may
provide important sensory feedback which plays a primary role in con-

trolling vocal effort.
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Psychoacoustic Studies of Speech Loudness and Effort

Recent literature in the area of speech production has sugges-
ted that speakers use physiologic feedback from the degree of vocal
effort as a cue to speech loudness. It remains to be determined, how-
ever, whether a listener bases his estimates of the loudness of speech
on estimates of the vocal effort usgd by the speaker, or whether he
relies on the intensity of the signal, as in listeners' ratings of the
loudness of pure tones (19, 28), or some interaction between these two
parameters, The motor theory of speech perception suggests that lis=-
teners impose a unigque perceptual set on speech as opposed to non-speech
stimuli, presumably based on their knowledge of the mechanics of speech
production (27). Thus, it would be logical to suspect that the psycho-
physical scaling of the loudness of speech might be different from the
scaling of the loudness of pure tones.

Lane, Catania, and Stevens (16) determined that the loudness
function for a speaker's ratings of his own vocal productions (the auto-
phonic response) differed from the loudness function for vowels heard
by listeners, suggesting that speakers and listeners respond to differ=-
ent arrays of cues to speaking level. The listeners were allowed to
hear the isolated vowel samples under two intensity conditions., First,
vowels were heard at playback intensities which corresponded to the
original production intensities. Presumably, this condition provided
acoustic cues to production level (effort) as well as sound pressure
level (SPL) differences among the samples. Second, a single vowel pro-
duction was duplicated a number of times and reproduced to a panel of

listeners at a number of playback intensities, providing SPL differences
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among samples which represented a single production level., Under these
two conditions of vowel presentation, listener loudness ratings for the
isolated vowel /q/ were related to SPL by a power function of 0.7. In
contrast, the autophonic response was related to SPL by a power function
of 1.1. Lane, Catania, and Stevens concluded that the speakers used
cues to vocal effort to monitor the levels of their own voices, whereas
listeners responded only to the SPL differences among the samples.

Subsequent investigations have failed to confirm Lane, Catania,
and Stevens' conclusion and have suggested, in fact, that differences
in physiological effort generate acoustic cues which may affect listen-
ers' judgments of speech loudness. The nature of these effort-related
spectral alterations is as yet unknown, as is the type of speech sample
(vowel, syllable, or connected speech) in which the alterations occur.
There exists, however, a body of recent literature which bears on these
guestions.

Lehiste and Peterson (18) have suggested that changes in speak-
ing effort are signaled by alterations in the vowel spectrum. It has
been reported previously (S5, 13, 24, 25) that greater power is associa-
ted with vowels produced with greater mouth opening. That is, intrinsic
vowel amplitude appears to be related to the interaction betuween the
glottal sound source and any impedance imposed by the articulatory con-
figuration. Lehiste and Peterson reported that when several isolated
vowels were produced at equal intensity, those vowels having lower
intrinsic amplitudes and, thus, requiring greater vocal effort to pro-
duce at the same intensity as the more powerful vowels, sounded louder

to listeners. In contrast, when the same vouwels were produced at
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sub jectively egual levels of speaking effort they sounded about equally
loud. The listeners noted differences in vocal quality among the vowel
samples produced at equal intensity which, the authors speculated, were
related to differences in vocal effort and may have influenced the
loudness ratings.

Further evidence that listeners may use cues to effort within
the vocal signal is offered by Ladefoged and McKinney (15). They
reported the loudness of CV syllables to be an exponential function both
of SPL (1.2) and of subglottal pressure (2.0). Since SPL was found to
be a linear function of subglottal pressure, with an exponent of 0.6,
it was reasoned that ". . . in the case of speech sounds, loudness is
directly related to physiological effort . . . ." It might be specula-
ted that the cues to physiological effort were conveyed to the listeners
primarily by the intensity of the signal., However, some aspect of the
spoken signal other than SPL also may have influenced loudness ratings.
Ladefoged and McKinney reported that words spoken with equal subglottal
pressure were equally loud, even though their intensities were not
always equal, a finding which is consistent with previously cited
reports by Lehiste and Peterson. Subsequently, Allen (1) replicated
Ladefoged and McKinney's study, concluding that ". . . both intensity
and effort were used as relevant cues for the loudness judgments of
these subjects."

Mendel et al. (21) reported that loudness functions for speech
and non-speech stimuli differed from each other. Moreover, when lis-
teners heard only SPL differences among samples having equal production

effort, the loudness functions were similar to those for non-speech
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stimuli. However, when listeners heard samples having different produc~
tion levels, the speech loudness function was different from that pro-
duced when listeners heard only playback level difference. This sug~
gests that listeners made use of unspecified cues to loudness in addition
to signal intensity. Their results also suggest that these cues werec
available to listeners in rating isolated vowels as well as in syllables
and in connected speech samples.,

The availability of cues to production effort in connected sen-
tences was studied by Brandt, Ruder, and Shipp (8) as well, who investi-
gated listeners' perceptions of vocal loudness and vocal effort. They
recorded a single sentence spoken at eight different intensities over a
35 dB range and then rerecorded the stimulus samples under two experi-
mental conditions. First, they selected one sample which originally had
been produced at 80 dB SPL and rerecorded it at eight different intensi-
ties which corresponded to the eight levels utilized in the initial
recording. Among these rerecorded samples, they reasoned, vocal effort
was constant while the intensity (SPL when replayed to listeners) of the
spoken samples varied. Under the second experimental condition, they
rerecorded the original eight stimuli at one intensity, thus allowing
vocal effort to vary while intensity (SPL when replayed to listeners)
was controlled at one level. In addition, samples whose playback inten-
sities corresponded to the original production intensities were pro-
vided. All of these samples were randomized and made into a single
listening tape. Listeners then rated each of the samples for loudness
and then for effort. UWhen both intensity and effort cues were available

to listeners, loudness was proportional to SPL to the 1.12 power, while
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the effort function had a slope of 0.89. When intensity cues alone were
available and effort was constant, the exponents of the loudness and
effort functions were diminished to 0.92 and 0.38, respectively. UWith
effort varying and intensity remaining constant, the slope of the effort
function was 0.57, while the slope of the loudness function was 0.40.
These relationships of listener judgments to sound pressure level sug-
gest that listeners could differentiate cues to effort from those which
signaled loudness. Also, examination of the data suggested to these
experimenters that intensity differences (SPL at playback) must be
available to listeners making loudness judgments of speech, while both
intensity differences at playback and differences in speaker production
levels must be available for listeners to hear changes in production
effort.

A number of alterations in the acoustic signal probably influ-
ence listeners' ratings of loudness and/or effort. Fundamental vocal
frequency may be one such factor. In studies by Lane gt al. (16) and by
Ladefoged and McKinnmey (15) increases in speaking effort reportedly were
accompanied by increases in fundamental vocal frequency. To investigate
the possibility that systematic alterations in vocal frequency provide
pertinent cues to speaking effort, Moll and Peterson (22) collected
vowel samples with fundamental vecal frequency held constant as speaking
level increased. Their loudness functions were less steep than those
reported by Lane, Catania, and Stevens (16), who allowed listeners to
hear fundamental vocal frequency alterations accompanying increases in
speaking intensity.

Moll and Peterson's conclusion that the alteration in
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fundamental vocal frequency associated with changes in speaking inten-
sity is important to loudness judgments has been corroborated to some
extent by the results of a more recent study by Wright and Colton (31).
For both magnitude estimation and magnitude production tasks, the
authors demonstrated that rated vocal effort for the vowel /o/ is a
power function both of frequency level (FL) and SPL. Also, they noted
that a change in the slope of the vocal effort function occurred at the
speaker's most comfortable effort level, perhaps corresponding to a
change in the operational mode of the vocal system which occurred at
that point.

More recently, Bernstein (4) reported a similar relationship
between vocal effort, and judged loudness of the vowel /g/. UWhen SPL,
formant frequencies, duration, and fundamental frequency of the vouwel
stimuli were controlled, the author noted that increasing vocal effort
did not systematically increase loudness. In fact, vowels produced by
a male and a female speaker at the lower end of a range of intensities
often sounded louder to listeners, though vocal effort would appear to
have been less, The author concluded that a highly pertinent cue to
vocal loudness may be produced by an inefficient mode of phonation which
cccurs when an individual attempts to phonate at a pitch or intensity
which falls outside a range in which he phonates most comfortably.
Spectral analysis of the vowels produced in this study indicated that
loudness changes may be predicted from the amount of spectral energy
around 3000 Hz.

Wave~form analysis of connected speech samples has provided

additional evidence of a number of spectral cues to speech loudness
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which may be generated by alterations in speaking effort. Brandt,
Ruder, and Shipp (8) reported that spectral analysis of the samples
originally produced by speakers at eight different intensities revealed
changes in articulatory patterns as well as alterations in the amount
and distribution of energy throughout the spectrum which accompanied
increases in speaking intensity. Most notable were alterations in the
amplitudes of consonants and vowels and in the amount of noise energy,
especially at low vocal intensities. The latter finding is consistent
with reports by Austin and Emanuel (3) of high correlations between
listener judgments of vowel roughness and vocal effort for vowels and
measures of inharmonic energy in the vowel spectra. Additicnally, these
measures may correspond to the differences in vocal quality reported by
Lehiste and Peterson (18) among.vowels produced with different degrees
of vocal effort.

Additional spectral analysis of their sentence samples by
Brandt, Ruder, and Shipp revealed a systematic increase in total band=-
width with increases in vocal intensity. Based on loudness data, the
authors concluded that stimulus bandwidth provided the primary cue to
the perception of vocal effort. Results of a subsequent study (7) using
bandpass filtering indicated that increased bandwidth appears to be
important to the perception of loudness but not to vocal effort. The
authors hypothesize that increases in vocal fundamental frequency as
well as intensity are important to effort perception, while intensity
and bandwidth changes contribute to the perception of vocal loudness.

Many of the investigations reviewed in this section have dealt

with relationships between the intensity of speech samples and their



15
rated loudness or effort. Allen (1) has suggested that this approach is
too simplistic to offer real insight into the way in which a listener
estimates the loudness of speech. In addition to SPL, a listener
appears to use a multiplicity of acoustic cues to speaking level which
are related to the amount of effort used by the speaker. The nature and
importance of these cues cannot be assessed by the use of investigative
techniques of limited scope. Thus, there appears to be a need for a
systematic and controlled investigation of the relationships betueen
listener judgments of speech loudness and effort for more than a single
type of speech sample, with consideration of the relative importance of
a variety of factors which may influence the ratings. The present

investigation was undertaken with this need in mind.



CHAPTER III

DESIGN OF THE -INVESTIGATION

A major objective of this study was to evaluate, for both iso-
lated-vowel and connected-speech test samples, effects of vocal produc-
tion intensity on listener judgments of vocal loudness and vocal effort.
Additionally, effects of the phonetic context and the fundamental vocal
frequency of isolated vowel productions on listener judgments of vowel
loudness and effort were studied. The specific research guestions
investigated are listed below. The first three questions were investi-
gated both for isolated vowel and sentence test samples, but the last
two were investigated for isolated vowels only.

1. What are the effects of vocal (production) intensity on
listeners'! perceptions of vocal loudness and vocal effort?

2. What are the effects of the intensity at which speech
samples are heard on listeners' perception of vocal loud-
ness and vocal effort?

3. What are the effects of type of speech sample (sentence or

vowel) on listeners' perceptions of vocal loudness and
vocal effert?

4, What are the effects of vowel identity (/a/ or /i/) on
listeners' perceptions of vocal loudness and vocal effort?

5. What are the effects of (a) "natural" vocal frequency vari-
ations and (b) a controlled vocal frequency on listeners!'

perceptions of vocal loudness and vocal effort?

The selection of subjects, the experimental apparatus, and the

16
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procedures followed in the collection of the data are presented in the

following sections.

Sub jects

The subjects for this study were two adult males and two adult
females; all were between the ages of twenty-five and thirty-three years.
Each subject presented normal speech and vocal quality, as determined by
a speech pathologist. Also, within each sex group, the two individuals
selected as subjects presented closely similar habitual fundamental

vocal freguencies,

Speech Samples

The subjects individually produced seven-second isolated samples
of two test vowels, /e¢/ and /i/, under two "conditions" of frequency con-
trol (described below). Additionally, each subject produced a test sen-
tence ("According to the present information the profits are high.")
which was used in a study by Brandt et al. (1969). Each test speech
sample was produced at each of three intensities: 65, 75, and 85 dB re
0.0002 dyne/cm2 (sPL), at a mouth-to-microphone distance of four inches.

The two "vocal-frequency-conditions" for vowel productions were
as fallowus. For the first (Frequency Condition I), fundamental vocal
frequency was not controlled; rather, it was permitted to vary "natur-
ally" with changes in vocal intensity. For the second (Freguency Condi-
tion II), subjects were required to match the fundamental vocal fre-
quency of each test vowel production as nearly as possible to that of a
pure tone supplied as a reference.

The "target" frequency for Frequency Condition II was specified
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separately for each of the two sex groups, as follows. Ffirst, an esti-
mate was made of each subject's pitch range by determining the highest
and lowest pure tones that each could match during a sustained (five
seconds) production of the vowel /u/. Next, a frequency representing
the thirty per cent point (above the lowest frequency) in the subject's
fundamental vocal frequency range was specified as the "target". A
within-sex mean was then obtained of the "target" freguencies for the
individual subjects. The mean frequency obtained (212 Hz for the
females; 173 Hz for the males) was taken as the "target" frequency to be
matched by the two subjects in each sex group during Freguency Condition

II.

Instrumentation

This study required six instrumental systems: (a) a signal
system, (b) an audio recording system, (c) an intensity control system,

(d) a freguency control system, (e) an audio playback system, and (f) a

calibration system.

Description

Signal system. A simple electro-mechanical cam timer, activa-

ted by the experimenter, controlled the illumination of panel lights
used to signal subjects to begin and terminate test vowel phonations.

Audioc recording system. The audio recording system, used to

obtain magnetic tape recordings of the test samples, consisted of a
sound level meter (General Radio, Type 1551-C) with an attached non-
directional piezoelectric ceramic microphone (General Radio, PZT Type

1560-P3); a dual=-channel magnetic tape recorder (Ampex, Model AG 440);
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and, a monitoring amplifier (Bruel and Kjaer, Type 2606).

The PZT microphone was designed to have a flat frequency res-
ponse (%1 dB) from 20 to 8000 Hz when placed at a 70° angle of incidence
to the sound source, and a sensitivity of -60.3 d8 re 1v/microbar. When
appropriately placed in a sound field, the sound level meter should
indicate the sound pressure level at its PZT microphone with an average
signal-to-noise ratio in octave ba&dé from 20 to 10,000 Hz of at least
66 dB. The tape recorder was designed to have a flat frequency response
(i 2 dB) from 40 to 12,000 Hz with a signal-tc-noise ratio of at least
65 dB at a tape speed of 15 inches per second. Figure 1 shows that the
output from the sound level meter could be switched either to the input
of the tape recorder or, as needed, to other devices.

Intensity control system. In data collection, the output of

the tape recorder was led directly to the input of an amplifier (Bruel
and Kjaer, Type 2606) which served as a vocal-intensity-monitoring meter.
This instrument indicated vocal intensities with a signal-to-noise ratio
of at least 55 dB. The amplifier had an averaging time constant of
approximately 100 msec, and designed accuracy within ¥ 0.5 dB up to crest
factor 10.

Fundamental freguency control system. As illustrated in Figure

1, the frequency control system consisted of two sections. The first
section incorporated an audio oscillator (Hewlett-Packard, Model 200 ABR)
connected through a matching transformer to a high-quality loudspeaker.

A normally open suwitch between the transformer and the loudspeaker could
be closed to present the subject a tone produced by the oscillator as a

frequency reference.
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The second section of the fundamental freguency control system
consisted of two variable electronic filters (Spencer-Kennedy Labora-
tories, Model 302) and a digital counter-timer (Transistor Specialties,
Inc., Model 361). The two variable electronic filters were arranged in
series to provide a 36 dB per octave rejection rate beyonc selected cut-
of f frequencies. This section was used by the experimenter to measure
the fundamental freqguency of the speaker's vouwel productions under
Frequency Condition II. The output of the sound level meter which was
incorporated as part of the audio recording system, could be led directly
to the second section of the frequency control apparatus by closing a
single-pole-double-throw switch inserted in the circuit (see Figure 1).

Playback system. The playback system, used to present the

recorded samples to listeners for judgment, consisted of Channel I of
gach of two dual-channel magnetic tape recorders (Ampex, Model AG 440),
an attenuator (Hewlett-Packard, Model 350-D), an auxiliary amplifier
(Channel I1 amplifier of one of the dual-channel tape recorders), a
nonitoring amplifier (Bruel and Kjaer, Type 2606), and a loudspeaker
(Altec, Model 844A).

The channel-one outputs of the two tapje recorders were led to a
switch, which permitted the experimenter to select one output to be led
to the attenuator. The attenuated signal was led to the auxiliary
amplifier and then to the loudspeaker. Before the tapes were played to
listeners, the monitoring amplifier was inserted into the circuit betueen
the switch and the attenuator to balance the outputs of the two tape
recorders.

Calibration system. Components employed in instrument
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calibration included a pure tone oscillator (Hewlett-Packard, Model ABR

200) which drove a loudspeaker, a sound level meter (General Radio,

Type 1551-C), and its attached non-directional piezoelectric ceramic
microphone (General Radio, PZT Type 1560-P3), and a monitoring amplifier
(Bruel and Kjaer, Type 2606). A simplified diagram of the calibration

system is presented in Figure 2.

Calibration

The magnetic tape recorder was inspected and adjusted by an
audio engineer prior to data collection. The voltmeter of the monitor-
ing amplifier was calibrated to indicate vocal intensities of 65, 75,
and 85 dB SPL. To calibrate this meter, a 1000 Hz reference tone pro-
duced by the pure tone oscillator was led to a loudspeaker. The PZT
microphone of the sound level meter was placed at a 70° angle of inci~
dence to and one inch in front of the loudspeaker in an acoustically
isolated room. The intensity of the pure tone was adjusted until it
produced a 75 dB SPL sound level meter deflection. The output of the
sound level meter was then connzacted directly to the input of the tape
recorder and the input amplifier of the recorder was adjusted for a -10
dg deflectiun of its VU meter in response to the 75 dB SPL input. The
odtput of the recorder was then led to the monitoring amplifier and the
input potentieometer of the amplifier was adjusted for a 75 dB deflection
on the voltmeter of the amplifier.

Next, the 60 dB range and then the 80 dB range on the sound
level meter were selected, and the intensity of the pure tone was adjus-
ted until 65 dB SPL and 85 dB SPL readings were obtained, respectively.

The 65 dB and 85 dB signals produced deflections of the tape recorder's



Pure Tone
Oscillator

Speaker

\

Figure 2.--Simplified diagram of the calibration system

70°

A

Monitoring
Amplifier

PZT Microphone

Sound Level

Out

Meter

42

Tape

Recorder

ge



24

VU meter and the monitoring amplifier's voltmeter were the same as that
for a 75 dB tone, thus confirming that the voltage delivered by the
sound level meter was the same for tones of 65, 75, and 85 dB SPL. A
single reading could therefore be marked on the voltmeter of the moni-
toring amplifier as the intensity level which each subject was to main-

tain during production of all test samples.

Procedures
The experimental procadutes in this study included: (a)
recording the subjects' productions of the test samples, (b) analyzing
the intensities of the recorded vowel and sentence samples, (c) analyzing
the fundamental frequencies of the isolated vowel samples, and (d) pre-
senting the recorded vouwel and sentence productions to the judges who

individually rated each test production for loudness and effort.

Recording Procedure

All test speech samples were collected in an acoustically iso-
lated two-room suite with a low ambient noise level in the Speech and
Hearing Center, University of Oklahoma Health Sciences Center. During
recording, the subject and examiner uwere in separate rooms of the two-
room suite, but an intercom system allowed the examiner to communicate
with the subject. The test room contained the subject's chair, the
sound level meter with its attached PZT microphone, the vocal=-intensity-
manitoring amplifier, and the signal lights used to control the initia-
tion and termination of each test vowel phonation. The adjoining
(equipment) room contained the tape recorder, the filter system, the

digital counter-timer, and the cam timer which controlled the activation
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of the signal lights.

To obtain the spoken samples, each subject was initially
familiarized with the experimental procedures and was then seated in
the examination chair. The head rest on the chair was adjusted so that
head movement was minimized during recording. The sound-level-meter
microphone was placed at a 70° angle of incidence to and four inches in
front of the subject's mouth. The monitoring amplifier was positioned
to allow the subject to observe readily the intensity of each test phona=-
tion.

Test samples were collected in two recording sessions. During
the first session, both sentences and isolated vowels (Frequency Condi-
tion I) were recorded. Isolated vouwels only (Frequency Condition II)
were recorded in the second session, This fixed order of vowel~frequency
conditions was chosen to avoid for samples produced under Frequency Con-
dition I a possible carry-over "influenca" of the fundamental vocal
frequency control imposed for Fregquency Condition II.

During the first recording session, each subject practiced pro-
ducing the test samples at 65, 75, and 85 dB SPL. Subjects were instruc-
ted to use "natural" patterns of rate and stress in producing the sen-
tences at those intensities. The needle on the monitoring amplifier's
voltmeter was allowed to swing past the intensity mark during production
of stressed syllables and to fall to zero after the word "information,"
which marked the end of the phrase "According to the present information
the profits are high." For the remainder of the passage, subjects uwere
instructed to maintain the needle, as nearly as possible, at the inten-

sity marke. For vowel production subjects were required to maintain the
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position of the monitoring amplifier's voltmeter needle at the intensity
mark (i 1 dB) throughout most of the seven-second production.

During the second recording session, each subject practiced
producing the vowel samples at the required frequency (212 Hz for the
females; 173 Hz for the males) as well as at the required duration
(seven seconds) and intensities (65, 75, and 85 dB SPL). To aid in pro-
ducing samples at the required frequency, the subject supplied himself
with a pure tone reference by depressing a push-button switch, thus con-
necting the loudspeaker and the audio oscillator. The frequency of the
purec tone was the predetermined "target" freguency at which the subject
was to produce all test vouwels. Ouring the practice session, the output
of the sound level meter was connected to an acoustic filtering system.
The filters, connected in series, were adjusted to pass an approximately
10-Hz band centered at the "target" frequency. The signal was led to
the counter-timesr which displayed the frequency of the filtered wave
digitally. UWhen it appeared that the subject was reliably producing
test vowels at the required frequency, the reference tone was switched
off, and the sound level meter was reconnected to the recording system.

Upon completion of the above described training, the test
samples were recorded., The order of production of all test samples at
each of the three intensities was counterbalanced for all four subjects
during each of the tuwo recording sessions. If the subject did not pro-
duce the appropriate sample, or did not maintain the required intensity
(¥ 1 dB) or fundamental frequency (% 2 Hz in Frequency Condition II),

the trial was repeated until an acceptable performance was achieved.
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Intensity Analysis

To aid in the selection of vowel and sentence samples which
met the production criteria set for this experiment, the intensities of
all sample productions were analyzed following recording by reproducing
them and noting the intensity of each sample as indicated by the moni-
toring amplifier. For each subject, one sample of the ssntence and one
of each of the two test vowels (Frequency Condition I) which were within
1 dB of the experimental intensities were retained for incorporation
into an experimental listening tape. Also, for each subject, several
vowel samples (Frequency Condition II) which were within 1 dB of the
experimental intensities were analyzed further to determine the funda-
mental frequency of each. Of these samples, one sample of each of the
two test vowels was chosen for the listening tape. The procedure used

for fundamental frequency analysis is presented in detail below.

Fundamental Frequency Analysis
The vowel samples produced by each subject in Frequency Condi-
tion II which were within 1 dB of the experimental intensities were
analyzed by acoustically filtering each sample to determine the funda=-
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ted to pass an approximately 10~Hz band centered at the "target" fre-
quency (173 for males; 212 Hz for females). The signal was led to the
counter-timer which digitally displayed the frequency of the filtered

wave. For each speaker, one acceptable sample of each vowel at each

intensity was selected.



28
Construction of Listening Tapes

To produce data pertinent to the research questions for this
study, it was necessary for each acceptable sentence and vouwel test
sample to be reproduced for listeners at each of three playback intensi-
ties representing a 20-dB range. For that purpose, three copies of ecach
test sample were produced by tape dqbbipg. Two separate listening tapes
(one for sentences and another for vowels) were then prepared by spli-
cing all of the test samples (three replicates of each sentence or vowel
test production) in random order. Tape I contained 144 vowel samples,
while Tape II contained 36 sentence samples. The psychophysical scaling
method of magnitude estimation was used to obtain listener ratings of
loudness and effort; thus, one test sample of each type (sentence or
vowel) which had been produced by one speaker at 75 dB SPL was chosen by
the investigator as a "standard" sample. This method of "listening
tape" preparation is similar to that used by Brandt et al. (8) in a

similar study.

Rating Procedure

A total of 23 listeners, all professional staff members or
graduate students in speech pathology at the University of Uklahoma
Health Sciences Center, independently assessed the recorded samples for
loudness and for effort. No single rating session exceeded one and one-
half hours duratiaon.

The judgments were made in an acoustically-isolated room with
the listeners, no more than six at a time, seated in a semicircle facing
the loudspeaker. Two tape recorders, an attenuator, and a monitoring

amplifier were placed in the adjoining control rcom. The listening
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tapes were reproduced using one tapes recorder, while the "standard"

tape sample was reproduced using the other. A suwitch inserted in the
circuit allowed the experimenter to select the output of either of the
two tape recorders. The output voltage level of the tape recorders was
first balanced using the monitoring amplifier. Then, from the switch,
the signal was led to the attenuator, uwhich stepped the signal down by
0, 10, or 20 dB, according to the randomization schedule used to prepare
each test tape. The attenuated signals were then introduced into an
amplifier and boosted by a constant amount soc that all of the samples
were clearly audible to the listeners. Care was taken not to overdrive
the tape recorder amplifiers. Although the relative production intensity
differences among test samples were maintained at playback, no attempt
was made to duplicate exactly the true production intensities of 65, 75,
and 85 dB SPL.

Prior to the rating of the sentence and the vowel samples for
loudness and for effort, the listeners were allowed to practice the
direct magnitude estimation procedure by rating the durations of seg-
ments of a tape-recorded 1000 Hz tone., After the examiner answered ques-
tions about the rating procedure, the listeners made judgments of the
loudness of each sample. Following a short rest periad, they made esti-
mates of the amount of effort used to produce the same samples. In each
rating session, the "standard", a sample which had been produced by one
subject at 75 dB SPL, was reproduced with 10 dB of attenuation, so that
its intensity at playback was in the middle of the range of playback
intensities used in this experiment. The "standard", assigned the value

of 100, was presented six times before the listeners began the rating
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task and after ecvery fourth sample to be rated. The listeners rated the
magnitudes of all test samples in relation to the standard. Copies of
the instructions given to the listeners for the practice rating session
and for the loudness and effort rating sessions for sentences and for
vowels are included in Appendices A through C.

To obtain a sufficiently }apge’number of loudness and effort
ratings for the sentences and for the vowels, four different groups of
listeners (no more than six listeners per group) were used. However, a
gquestion arose concerning the extent to which the ratings made by the
individual groups were comparable to each other. To answer this ques-
tion, a single "standard" group of three listeners, each having demon-
strated satisfactory test-retest reliability in rating one of the groups
of samples for loudness or for effort, rated the remainder of the test
samples. GSpearman rank order correlations (Rho) were computed for the
ratings of this "standard" group and each of the other groups of listen-
ers. The magnitudes of the correlations thus obtained, ranging from
0.96 to 0.93, suggested that the four individual groups were comparable
to each other, since their ratings were comparable to those of the
"standard" group of listeners. The correlation coefficients obtained
showing the correlations among ratings from the groups of listeners are

presented in Appendix D,



CHAPTER IV

RESULTS AND DISCUSSION

Results

This study was designed to investigate the effects of a number
of variables on listener judgments of loudness and effort for selected
vowel and sentence samples. Four normal-speaking adults, two females
and two males, produced the vowels /g/ and /i/, as well as a single sen-
tence, at three intensities. The vowels were produced normally, with
fundamental frequency free to vary as vocal intensity was varied, and
then with fundamental frequency controlled at a predetermined level.
The sentences and the vouwels were recorded onto magnetic tape, then
reproduced and randomized onto separate listening tapes. Each sample
was played at three different intensities over a 20-dB range. Thus, the
relationships among speaker production intensities and the playback
levels at which the listeners heard the samples were varied systemati-
cally. The psychophysical method of magnitude estimation was used to
obtain listener ratings of the loudness of each sample and the amount of
effort used by the individual speakers. The intra-class correlation
coefficient (11) was utilized to provide an index of the reliability of

listener judgments.
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Vouwels

For each vowel sample, the geometric mean was obtained (over
all listeners) for each of the two response variables (loudness and
effort). Possible differences among the geometric means were initially
examined using an analysis of variance with factorial arrangement of
treatments, in which the main factors were production intensity, play-
back intensity, and subjects. Separate analyses were performed for each
test vowel (/g/ or /i/) in each fundamental frequency condition (fre-
quency varying with alterations in production intensity or held constant
at a predetermined level). The results of these initial statistical
analyses are shown in Appendix D. The analyses revealed large subject-
by-production intensity interactions. The decision was made, therefore,
to examine the data on a subject-by-subject basis. Another preliminary
statistical analysis suggested that loudness and effort ratings were not
different for subjects of different sex. Therefore, in further analycis
of the data, the factor of speaker sex was not considered.

In a further evaluation of the listener ratings, an analysis of
variance with factarial arrangement of treatments was utilized in which
the factors were production intensity, playback intensity, vowel (/a/ or
/i/), and frequency condition (frequency varying with alterations in pro-
duction intensity or held constant at a predetermined level). Separate
analyses were performed for each subject for loudness and for effort.
The pooled sums of sguares for all interactions of greater than two fac-
tors were used as an estimate of experimental error. A significance
level of 0.05 was selected for this investigation.

The findings of this study are organized and presented according
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to the following major headings: (a) reliability of loudness and effort
ratings, (b) loudness ratings, and (c) effort ratings. Within the dis-

cussions of loudness ratings and effort ratings, the effects of vowels,

frequency conditions, production intensity, and playback level are con-

sidered.,

In reporting the findings relating to playback level effects
for both the vowel and the sentence data, reference is made to playback
levels of 65, 75, and 85 dB. These level notations do not refer to the
actual SPL at which the samples were played back for rating by the lis-
teners. Rather, they designate only the relative playback levels of the
samples. During playback of the samples to the listeners, an effort was
made to present all samples within a comfortable listening range. Thus,
a sample played back at "75 dB" should be regarded as being at a level
10 dB greater than a sample played back at "65 dB'", and so on. No abso-
lute playback levels are intended in these presentations.

Reliability of listener ratings. Table 1 presents, separately

for loudness and for effort ratings, estimates of interjudge reliability
obtained using the intraclass correlation procedures described by Ebel
(11) using the formula which adjusts for between-judge variance. The
overall reliability of listener ratings was 0.78 for loudness and 0.75
for effort. Reliability coefficients of 0.82 and 0.80 were obtained for
loudness and for effort ratings, respectively, for those vowel samples
which were replayed for listeners at playback levels which corresponded
to the original speaker production intensities. That is, samples pro-
duced at 65 dB SPL were the least intense at playback, while samples

produced at 85 dB SPL were the most intense at playback, and so on.
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TABLE 1

INTRA-CLASS CORRELATION COEFFICIENTS FOR LISTENER
RATINGS OF LOUDNESS AND OF EFFORT USED
TO PRODUCE VOWEL SAMPLES

Loudness Effort

Overall o 0.78 0.75
Playback Intensity and Production

Intensity Covary 0.82 0.80
Playback Intensity Varies, Pro-

duction Intensity Constant 0.82 0.82
Production Intensity Varies, Play-

back Intensity Constant 0.58 0.54

Reliability coefficients of 0.82 were found both for loudness and for
effort ratings of those vowel samples, at each production intensity,
which were replayed to listeners at each of the three playback levels.
In this particular analysis, responses to a sample produced at 75 dB
5PL, for example, and replayed at all three playback levels, were
examined. Anpalysis of responses to those vowel samples which were pro-
duced at all three production intensities but replayed at constant
nlayback levels resulted in reliability coefficients of 0.58 for loud-
ness ratings and 0.54 for effort ratings. It should be noted that
three different analyses were performed of the same group of ratings
(loudness or effort) to obtain these reliability coefficients.

The magnitudes of the reliability coefficients indicate that
ratings are more reliable when listeners hear playback level differ-
ences among the samples, regardless of the relation of the playback

level to the original production intensity. Reliability was lower,
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however, for ratings of samples which did not present listeners with

intensity differences at playback.

Loudness ratings., The results of statistical analyses aof the

loudness ratings of the individual vowel samples are presented, inde-
pendently for each of the four speakers, in Tables 2 through 5., Exami-
nation of these tables shows that production intensity and playback
intensity main effects are significant for all speakers. In addition,
the vowel main effect is significant for Speaker A, while the frequency
condition main effect is significant for Speakers B, C, and BD. For
Speaker A, the vouwel-by-production intensity interaction is significant,
while for Speakers B and C the frequency condition-by-productieon inten-
sity interaction is significant. All other main effects and interactions
are not significant at the 0.05 level of confidence.

Significant main effects and interactions for production
intensity and playback level are illustrated graphically (see Figures 3
through 12). To illustrate the effect of production intensity, without
regard to playback intensity, loudness ratings (10910) of the vouwel
samples averaged over the three playback levels are presented for each
speaker as functions of the original production intensities (Figures 4
through 7). Similarly, loudness ratings (logqp) of vowels averaged over
the three production levels are presented as functions of relative play-
back level, providing a graphic display of the effect of playback level,
without regard to original production intensity (Figures 8 through 12).
Those graphs presenting production intensity effects will also be used
to demonstrate interactions involving vowels, production intensities,

frequency conditions, and production intensities. In all of the
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TABLE 2

SUMMARY OF THE ANALYSIS OF VARIANCE FOR LOUDNESS

RATINGS OF VOWELS PRODUCED BY SPEAKER A

Source df ms F
Production

Intensities (A) 2 0.0141 4,2857%
Playback

Intensities (B) 2 0.6769 205.7447%
AB 4 0.0040 1.2158
Vouwels (C) 1 0.0666 20.,2432%
AC 2 0.0279 8.4800%
BC 2 0.0021 <1
Frequency Condition (D) 1 0.0018 <1
AD 2 0.0051 1.5500
BD 2 0.0027 <1
CD 1 0.0066 2.0061
Residuzal 64 0.0e3z2a
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TABLE 3

SUMMARY OF THE ANALYSIS OF VARIANCE FOR LOUDNESS
RATINGS OF VOWELS PRODUCED BY SPEAKER B8

Source df ms F

Production

Intensities (A) 2 0.1935 58.8146%
Playback

Intensities (B) 2 0.5760 175.0760%
AB 4 0.0034 1.033
Vowels (C) 1 0.0002 < 1
AC 2 0.0018 <1
BC 2 0.0001 < 1
Frequency Condition (D) 1 0.0324 9.848 *
AD 2 0.0228 6.930 *
BD 2 0.0006 <1
CD 1 0.0018 < 1
Residual A4 0.00329

* p < 0.05



TABLE 4

SUMMARY OF THE ANALYSIS OF VARIANCE FOR LOUDNESS
RATINGS OF VOWELS PRODUCED BY SPEAKER C

I

Source df ms F
Production

Intensities (A) 2 0.0336 10.213%
Playback

Intensities (B) 2 0.7062 214 .650%
AB 4 0.0068 2,066
Vowels (C) 1 0.0001 < 1
AC 2 0.0012 <1
BC 2 0.0012 < 1
Frequency Condition (D) 1 0.0225 65.8389%
AD 2 0.0273 8.2979%
BD 2 0.0060 18237
CD 1 0.00025 <1
Reeiduzl A4 n,00329

* p < 0.05
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TABLE 5

SUMMARY OF THE ANALYSIS DF VARIANCE FOR LOUDNESS
RATINGS OF VOWELS PRODUCED BY SPEAKER D

e roer——————— e—————— e

Source df ms F
Production

Intensities (A) 2 0.0165 5.015%
Playback

Intensities (B) 2 0.7485 227.5076%
AB 4 0.0025 < 1
Vowels (C) 1 0.0003 < 1
AC 2 0.0018 <1
BC 2 0.0021 <1
Frequency Condition (D) 1 0.1368 41,580 %
AD 2 0.0027 <1
BOD 2 0.0006 < 1
CD 1 0.0006 < 1
Residual 64 0.00329

* p < 0.05
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figures, Freguency Condition I refers to the condition in which the
fundamental frequency of the vowel was allowed to vary with changes in
speaker production intensity. 1In Frequency Eondition 1I, fundamental
vocal frequency was held constant at a predetermined level.

Vowel effects on loudness ratings. Tables 2 through 5 shou
that the vowel main effect is significant for one of the four speakers
(Speaker A). Examination of the mean loudness ratings for this speaker,
averaqged over playback levels and plotted as a function of production
intensity (see Figure 4), shows that /a/ tends to be rated louder than
/i/. For Speaker A, the interactions involving vowels with playback in-
tencities and frequency conditions were not significant, suggesting that
the loudness difference betuween the two vowels, indicated by the sig-
nificant vowel main effect, holds similarly in the two fundamental fre-
quency conditions and at the three playback intensities., However, a
significant vowel-by-production intensity interaction exists, indicating
that the relationship between the means for the two vouwels differs at
two or more production intensities., This significant interaction will
be examined further later in this section.

Fundamental frequency effects on loudness ratings. Tables 2
through 5 also show that a significant frequency main effect is found
for three of the four speakers (Speakers B, C, and D), but not for
Speaker A. For Speakers B and C, however, significant frequency condi-
tion-by-production intensity interactions are found, suggesting that the
relationship between the means in the two frequency conditions differs
from one production intensity to another. This significant interaction

is described later in this section. The absence of significant
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interactions involving frequency conditions for Speaker D suggests that
the differences in the mean loudness ratings for the two frequency con-
ditions, described in the frequency main effect, obtains for this speak-
er at all production and playback intensities and for the two vouwels.
Figure 7 shows for Speaker D that the mean ratings in Frequency Condi-
tion I, where fundamental frequency was free to vary with alterations

in production intensity, exceed those in frequency Condition II where
fundamental frequency was controlled at a single level.

Production intensity effects on loudness ratings. The produc-
tion intensity main effects are significant for each of the four speak-
ers, suggesting that listeners made use of cues provided by this factor
in rating the loudness of the vowel samples. The means involved in the
production intensity main effects for each of the four speakers are
plotted in Figure 3. Figure 3 shows a trend toward increased loudness
ratings with increased production intensity for each speaker. For three
of the four speakers (A, C, and D), each 10 dB increment in production
intensity results in relatively small increments in rated loudness.
Speaker B evidences the greatest loudness increment from the lowest (65
dB) to the highest (B85 dB) production intensity.

The absence of significant interactions involving production
and playback levels suggests that the relationship between the mean
loudness ratings for the various production intensities evidenced in the
production intensity main effect, does not differ significantly at the
playback levels employed in this experiment.

The presence of significant interactions between vowel and pro-

duction intensity for Speaker A and between frequency conditions and
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Speaker A

Speaker B

- - ——-

veeees.  Speaker C

Speaker D

i i i

65 75 85
PRODUCTION INTENSITY (dB SPL)

Figure 3.--Mean loudness ratings (logig) for Speakers A, B, C,
and D, at each of three production intensities. The geometric means
of listener ratings have been averaged over vowels, frequency condi-
tions, and playback levels,
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production intensity for Speakers B and C suggests that the effects of
alterations in production intensity upon loudness ratings differ for tre
vowels for Speaker A and for frequency conditions for Speakers B and C.

The significant vowel-by-production intensity interaction for
Speaker A is illustrated graphically in Figure 4. This figure presents
mean loudness ratings as a function of production intensity, individu-
ally for the vowels /q/ and /i/, in Frequency Conditions I and II.
Insp2ction of the plotted means reveals that the mean loudness ratings
for Speaker A, derived over all three playback levels, vary as a func-
tion of the vowel and the intensity at which it was produced. Figure 4
shows that the vowel /a/ is judged to be louder than /i/ at two intensi-
ties, 65 dB and 75 dB, while the two vowels are judged to be about
equally loud at 85 dB. The trends within these data also suggest that,
for the vowel /a/, increases in production intensity tend to result in a
slight increase in loudness from 65 dB to 75 dB and a decrease in loud-
ness ratings from 75 to 85 dB. For /i/, loudness ratings changed little
from 65 dB to 75 dB, but increased from 75 dB to 85 dB. For Speakers B,
C, and D (Figures 5 through 7) the effects of alterations in production
intensity on loudness ratings do not appear to be related to the vowel
produced.

As previously reported, significant frequency main effects are
found for three of the four speakers studied, Speakers B, C, and D. Ffor
two of these speakers, B and C, a significant frequency condition-by-
production intensity interaction exists. These significant interactinns
are displayed graphically in Figures 5 and 6. Inspection of these fig-

ures indicates that the effects of frequency concition cn loudness
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Figure 4.--Mean loudness ratings (log1g) for vowels fq/ and /i/
produced by Speaker A under tuwo frequency conditions. The geometric
means of listener ratings at each production intensity have been
averaged over all playback levels.
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Figure 5.--Mean loudness ratings (logig) for vowels /q/ and /i/
produced by Speaker B under two frequency conditions. The geometric
means of listener ratings at each production intensity have been
averaged over all playback levels,



2.50
©
o 2.25
[}
-d
(7, ]
o
z
-
g
€ 2.00
v
(7]
(77 ]
2
[
=2
o)
-l
y4
< 1.75
[TV]
b
1.50

46

Vowel Ja/, Freguency Condition

Vowel /a/, Frequency Condition

. Vowel /i/, Frequency Condition

Vowel /i/, Frequency Condition
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Figure 6.--Mean loudness ratings (logqg) for vowels // and /i/
produced by Speaker C under two frequency conditions.
means of listener ratings at each production intensity have been
averaged over all playback levels,
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Figure 7.--Mean loudness ratings (logqg) for vowels /&/ and /i/
produced by Speaker D under two frequency conditions. The geometric
means of listener ratings at each production intensity have been
averaged over all playback levels,
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ratings appear primarily at the 65 dB production intensity. At the 75
and 85 dB levels, no consistent pattern of difference is apparent between
frequency conditions.,

It is interesting that, while Speakers 8, C, and D exhibit fre=-
guency condition effects, these effects are not the same for the three
speakers. For example, at the 65 dB production intensity level, vowels
produced by Speaker B under conditions where fundamental frequency was
free to vary with production intensity changes (Frequency Condition 1)
were rated louder on the average then the same vouwel produced with funda-
mental frequency constant (Frequency Cendition II). At the 65 dB level,
however, vowels produced by Speaker C were rated louder in Frequency
Condition II, than in Frequency Condition I. For Speaker D (Figure 7),
vowels produced in Fregquency Condition I were rated louder than in Fre-
quency Condition II at all production intensities.

Frem the statisticel analyses and the plots of means in Figures
3 through 7, it seems reasonable to ccnclude that for the present speaker
group, increases in production intensity tend tc be associated with
increases in mean loudness ratings at each of the three playback levels.
It ceems apparent, houwever, that the extent to which this is true varies
from speaker to speeker. Increments in rated loudness are not con=-
sistently seen between each of the 10-dB production intensity increments
emgloyed in the study, and in some instances, declines in rated loudness
were observed. The effects of vowels and frequency conditions, as well,
showed considerable speaker-to-speaker variability, suggesting that cau-
tion must be observed in generalizing about relationships between pro-

duction intensity and rzted loudness across speakers.,
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and production intensities.,
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means of listener ratings at each playback level have been averaged
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means of listener ratings at each playback level have been averaged
over all production intensities.
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produced by Speaker C under two frequency conditions. The geometric
means of listener ratings at each playback level have been averaged
over all production intensities.
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Playback intensity effects on loudness ratings. Examination of
Tables 2 through 5 indicates that the playback intensity main effect is
significent for each of the four speakers, and trat none of the inter-
actions involvinc playback intensity, vowels, and frequency conditions
is significant. This suggests that the effect of playback intensity on
mean loudness ratings is similar for both vowels, in both frequency con-
ditions, and at each production level for each speaker. The significant
playback intensity main effect, presented in Fiqure 8, reveals an almost
linear increase in rated loudness for each speaker as playback intensity
is increased from 65 dB to the 85 dB level.

Frem the statisticzl analysis and the plots of means in Figures
8 through 12, it is reasonable to state that under the conditions of
this experiment, the level at which vowel samples are played to listen-
ers is a primary determinant of the loudness of that sample as it is
reported by listeners, independent of the vowel produced, frequency con-
dition, or production intensity. The absence of significant playback-
by-production intensity interactions for any of the four speakers sug-
gests that the effects of changes in playback levels on the perception
of loudness by listeners are similar regardless of the intensity at
which the vowel is produced. Comparison of Figures 8 through 12 with
Figures 3 through 7 shows that loudness increases more rapidly and more
consistently as a function of playback level than production intensity.
This suggests that playback level provides more definitive cues to the
loudness of vowel samples across speakers than the intensity at which
the vowel is produced.

Effort ratings. The results of the analyses of variance of the
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effort rating data are presented in Tables 6 through 9. Examination of
these tables reveals that the production intensity and playback intensity
main effects are significant for all four speakers. For Speaker A, the
vowel main effect is significant, while for Speakers B, C, and D the
frequency condition main effects are significant. The production
intensity-by-playback intensity and production intensity-by-freguency
condition interactions for Speaker B and the production intensity-by-
vowel, playback intensity-by-vowel, and production intensity-by-frequency
condition interactions for Speaker C are significant. All other main
effects and interactions are not significant at the 0.05 confidence
level,

All main effects and interactions will be illustrated graphic-
ally following the procedures established in discussions of loudness
ratings of these samples. Effort ratings of the vowels averaged over the
three playback levels are presented as functions of the intensities at
which they were produced by the speakers, providing a graphic display of
the effects of production intensity, without regard to the intensities
at which the listeners actually heard the samples. Similarly, to illus-
trate the effects of the three playback intensities without regard to
production intensities, effort ratings of the vowel samples, averaged
over the three production levels, are presented for each speaker as func-
tions of the intensities at which the listeners actually heard them.

Vowel effects on effort ratings. Tables 6 through 9 shouw that,
as in the previous analysis of loudness ratings, a significant vouwel
main effect is found for only one of the four speakers (Speaker A).

Examination of the mean effort ratings, averaged over playback levels
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TABLE 6

SUMMARY OF THE ANALYSIS OF VARIANCE FOR EFFORT
RATINGS OF VOWELS PRODUCED BY SPEAKEFR A

Source df ms F
Production

Intensities (A) 2 C.0444 7.0076%
Playback

Intensities (B) 2 0.8962 141.447 *
AB 4 0,0066 1.0417
Vowel (C) 1 0.1011 15.9566%
AC 2 0.0078 1.2310
BC 2 0.0102 1.6099

Frequency Condition (D) 1 0.0252 3.9773
AD 2 0.0078 142310
BD 2 0,0003 < 1

cD 1 0.0048 <1
Nesidual 64 0,0NR3
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TABLE 7

SUMMARY OF THE ANALYSIS CF VARIANCE FOR EFFORT

RATINGS OF VOWELS PRODUCED BY SPEAKER B

Source df ms F
Production

Intensities (A) 2 0.2646 41,7618%
Playback

Intensities (B) 2 0.6666 105.2094%
AB 4 0.2643 41.7144%
Vowel (C) 1 0.021 3.3144
AC 2 0.0006 <1
BC 2 0.00015 <1
Frequency Condition (D) 1 0.072 11.3637%
AD 2 0.0234 3.6932
BD 2 0.0051 <1
Co 1 0.0009 <1
Residucel 64 0.00€3

* p £ 0.05
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TABLE 8

SUMMARY OF THE ANALYSIS OF VARIANCE FOR EFFORT

RATINGS OF VOWELS PRODUCED BY SPEAKER C

Source df ms F
Production

Intensities (A) 2 0.0810 12,784 *
Playback

Intensities (B) 2 0.8919 140,768 *
AB 4 0.0048 <1
Vowel (C) 1 0.0030 <1
AC 2 0.0324 5.1137%
BC 2 0.0254 4,0089%
Frequency Condition (D) 1 0.0312 4,924 *
AD 2 0.0729 11.5058%
BD 2 C.0060 <1
CD 1 0.0003 <1
Residual B4 00,0063

* p £ 0.05
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TABLE 9

SUMMARY OF THE ANALYSIS OF VARIANCE FOR EFFORT
RATINGS OF VOWELS PRODUCED BY SPEAKER D

Source df ms F
~Production
Intensities (A) 2 0.08919 12.926%3%
Playback
Intensities (B) 2 1.1160 176.138 *
AB 4 0.0057 <1
Vowels (C) 1 0.0000 <1
AC 2 0.0108 1.6572
BC 2 0.0060 <1
Frequency Condition (D) 1 0.3604 55.3035%
AD 2 0.0171 2.6989
BD 2 0.0015 <1
CD 1 0.0141 2.2254
Residual 64 0.0063
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and plotted as a function of production intensity (see Figure 14), shouws
that effort ratings for /a/ tend to exceed those for /i/. For Speaker
A, none of the interactions involving vowels, frequency conditions, and
playback intensities is significant, suggesting that the effort rela-
tionship between these vowels does not differ significantly in the two
frequency conditions or at the various playback levels. Interestingly,
Speaker C evidences significant interactions between vowel and produc-
tion intensity and betueen vouwel and playback level in the absence of a
significant vowel main effect, These significant interactions will be
examined later.

Fundamental frequency effects on effort ratings. Tables 6
through 9 show that a significant frequency main effect exists for three
of the four speakers (Speakers B, C, and D). For Speakers B and D, the
absence of significant interactions involving frequency conditions sug-
gests that the relationship between mean effort ratings described in the
frequency main effect does not differ significantly for the vowels or in
the various production and playback conditions. Inspection of Figure 15
shows that for Speakers B and D, vowels produced in Frequency Condition
I tended to receive higher effort ratings than vowels produced in fre-
quency Condition II. For Speaker C, however, a significant frequency
condition-by-production intensity interaction was found, indicating that
the relationship between the mean effort ratings for the two frequency
conditions does differ significantly at one or mere of the production
intensities. This significant interaction will be described later.

Production intensity effects on effort ratings. Tables 6

through 9 show that the production intensity main effect is significant
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for each of the four speakers. The means involved in this main effect
for each speaker are presented in Figure 13. Inspection of this figure
shows a trend toward increased effort ratings for Speakers B, C, and D
as production intensity is increased from 65 dB8 to 85 dB. For Speaker
A, effort ratings increase from 65 dB to 75 dB, but remain relatively
constant from 75 dB to 85 dB. Of the four speakers, Speaker B displays
the most marked increase in rated effort over this range of production
intensities.

For Speakers A and D, interactions involving production and
playback intensity, vowels, and frequency conditions are not signifi-
cant, indicating that the production intensity effect defined for these
speakers in Figure 13 does not differ significantly at the various play-
back intensities, in the two frequency conditions, or for the two
vowels,

Speakers B and C, however, evidence significant interactions
between production intensity and frequency conditions. Means involved
in these interactions are plotted for Speaker B in Figure 15 and for
Speaker C in Figure 16. In describing the frequency main effect, it was
noted that for Speaker R the mean effort ratings in Frequency Condition
I exceeded those in Frequency Condition II. Inspection of Figure 15
suggests that this relationship obtained primarily at the 65 dB and 75
dB production intensities. At the 85 dB level, no consistent difference
between the means for the two frequency conditions is apparent. As seen
in the description of the frequency condition main effect, Speaker C
differs from Speaker B in that mean effort ratings are greater in fFre-

quency Condition II than in Fregquency Condition I. Figure 16 suggests
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Figure 13.--Mean effort ratings (log1g) for Speakers A, B, C,
and D, at each of three production intensities. The geometric means
of listener ratings have been averaged over vowels, frequency condi-
tions, and playback levels,



63

2.50
Vowel /q/, Freguency Condition I

______ _ Vowel /&/, Frequency Condition II

Vowel /i/, Frequency Condition I

N
N
"
T

Vowel /i/, Frequency Condition II

MEAN EFFORT RATINGS (Log )
D
1

1.75 {-.:-"'".” \
' "
1.50 |
i 1 §
65 75 85

PRODUCTION INTENSITY (dB SPL)
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means of listener ratings at each production intensity have been
averaged over all playback levels.
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averaged over all playback levels.,
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Figure 16.--Mean effort ratings (logqg) for vowels A/ and /i/
produced by Speaker C under two frequency conditions. The geometric
means of listener ratings at each production intensity have been
averaged over all playback levels.,
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that for Speaker C consistent differences betuween the meéns for the two
frequency conditions occur primarily at the 65 dB production intensity
levels; at the 75 dB and 85 dB levels no consistent difference can be
observed. In addition, it is apparent that increasing production
intensity results in greater increments in rated effort for Speaker C
in Frequency Condition I than in Frequency Condition IIj for Speaker 8,
an opposite relationship exists.

Tables 6 through 9 show that, for Speaker C, a significant pro=-
duction intensity-by-vowel interaction exists. Inspection of the plot
of means for Speaker C in Figure 16 shows that the vowel /i/ is associa-
ted with greater effort than /a/ at the 85 dB level, but that consistent
differences in the means for the vowels are not apparent at either the
65 dB or 75 dB levels. It may also be seen that the vowel /i/ shous a
somewhat greater increase in rated effort than /a/ as production intens-
ity is increased from 65 dB to 75 dB.

From the statistical analyses and the plots of means in Figures'
13 through 17, it seems reasonable to conclude that, for the present
speakers, increases in production intensity tend to be associated with
increaced effort ratings at each of the three playback levels., It is
apparent, however, as observed in analyses of loudness ratings, that
increments in rated effort are not consistently seen between each 10 dB
increment in production intensity and that, in some instances, declines
in rated effort occur even though production intensity is increased. A
comparison of the plots of effort ratings inm Figures 13 through 17 with
those in Figures 3 through 7 shows a substantial similarity in the pat-

terns of change in both effort and loudness ratings that occur with
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Figure 17.--Mean effort ratings (logqp) for vowels /a/ and /i/
produced by Speaker D under two frequency conditions. The geometric
means of listener ratings at each production intensity have been
averaged over all playback levels.
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changes in production level.

Consistent with the findings for loudness ratings of vowels,
considerable speaker-to-speaker variability in effort ratings was noted.
It is of interest that the speaker who showed a significant vowel effect
for loudness ratings also showed vouwel effects for effort ratings
(Speaker A). The remaining three speakers showed frequency effects for
effort ratings as well as for loudness ratings. 0Only Speaker C showed a
vowel effect for effort ratings but not for loudness ratings.

Playback intensity effects on effort ratings. Tables 6 through
9 indicate that the playback intensity main effect is significant for
each of the four speakers. The means involved in this main effect are
presented for each speaker in Figure 18, Examination of this plot of
means reveals that for all speakers mean effort ratings increase almost
linearly as playback intensity is increased in 10 dB steps from 65 dB to
85 dB. For Speakers A and 0, none of the interactions involving play-
back intensity is significant suggesting that relationships between mean
effort ratings and playback intersity, shown in Figure 18, do not differ
significantly at the various production intensity levels, in the two fre-
quency conditions, or for the two vowels,

Tables 6 through 9 also indicate a significant vowel-by-play-
back intensity interaction for Speaker C. Examination of the means
plotted in Figure 21 shows that while the means for /u/ appear somewhat
greater than those for /i/ at the 65 dB level, the means for /i/ tend to
exceed those for /a/ at the 85 dB level. No clear pattern of difference
is apparent at the 75 dB level. As was seen 1n the production intensity-

by-vowel interaction, greater increments in rated effort appear to occur
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Figure 19,.--Mean effort ratings (logqg) for vowels /a/ and /i/
produced by Speaker A under two frequency conditions. The geometric
means of listener ratings at each playback level have been averaged
over all production intensities.
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Figure 20.--Mean effort ratings (logqg) for vowels /a/ and /i/
produced by Speaker B under two frequency conditions. The geometric
means of listener ratings at each playback level have been averaged
over all production intensities.
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means of listener ratings at each playback level have been averaged
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for the vowel /i/ than for /a/ as playback intensity is increased from
65 dB to B85 dB.

In Tables 6 through 9, it may be seen that a significant pro-
duction intensity-by-playback intensity interaction exists for Speaker
B. This finding suggests that there is a differential effect of play-
back levels on the mean effort ratings assigned at one or more of the
three production intensity levels for this speaker. Figure 23 provides
a graphic display of the means involved in this interaction. Inspection
of this figure suggests that a major source of this interaction lies in
the greater difference between mean effort ratings at the 65-dB and 75-
dB production levels than between the 75-dB and 85-dB production levels
at the lowest and at the highest playback intensities.

The effects of playback level on ratings of effort are similar
to those observed in the analysis of loudness ratingsj; that is, in-
creases in rated effort occur almost linearly with increases in play-
back level for all speakers. The range of the effort ratings is alsoc
somewhat greater than the range of the loudness ratings from the
lowest to the highest playback levels, An interesting difference
hetueen the analyses of effort and loudness ratings is seen in the
presence or absence of interactions involving playback and production
intensity. It may be recalled that no interactions involving production
and playback intensities were observed in analysis of the loudness data.
In ratings of effort, however, one of the four speakers, Speaker B, evi-
denced a significant interaction betueen production and playback levels.
Similarly, playback intensity was not found to interact with either vowel

or frequency condition in the analysis of the loudness data, yet an
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interaction betuween vowel and playback intensity was found in analysis
of the effort ratings for Speaker C. Comparison of Figures 18 through
22 with Figures 13 through 17 shous that effort increases more steeply
and moreuconsistently as a function of playback level than production
intensity. This suggests that playback level provides more definitive
cues to the loudness of vowel samples across speakers than the intensity

at which the vowel is produced,

Discussion

In the present investigation, effort and loudness rating data
were examined separately for each speaker. UWhile the present subject
sample included two male and two female speakers, no attempt was made to
undertake a detailed study of differences related to speaker sex. This
decision was based on a preliminary statistical analysis of the data
which indicated that effort and loudness ratings, under the conditions
of the experiment, did not vary with sex. The data were analyzed, how-
ever, to determine the effect of variations in production intensity,
playback level, the vowel produced, and frequency condition (frequency
constant or frequent varying) for each speaker.

The present findings support the notion that increases in pru-
duction intensity are associated with increases in the amount of effort
and loudness perceived by listeners. It seems clear, however, that
increments in either loudness or effort are not consistently seen for
each speaker with each 10 dB increment in production intensity. Further,
for both effort and loudness, declines in ratings are sometimes observed
even though production intensity is increased. The variability that

exists among speakers, as well as that seen from one production intensity
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to another for an individual speaker, suggests that caution should be
observed in generalizing about the relationships among effort and loud-
ness ratings and production intensity.

The findings of the present study relating to isclated vouwels
indicate that there is considerable variability in effort-loudness rela-
tionships from speaker to speaker. This finding was anticipated. It
seems reasonable to assume that speakers do not employ identical strate-
gies in regulating vocal intensity. GSpeakers may vary, for example, in
the extent to which they rely on increased respiratory effort, increased
vocal tension, and/or vocal tract adjustments in increasing vocal inten-
sity. It is also possible that the extent to which each of these inten-
sity requlatingmechanisms is employed may vary in the same speaker from
trial to trial. If it is assumed that these physiological events gen=
erate the acoustic cues that are available to the judges, there is reason
to expect that effort and loudness ratings might differ substantially
from speaker to speaker as production intensity is varied. This trend
was noted in the data obtained in this experiment.

The present findings are consistent with those recently reported
by Scharf (26). Scharf's data suggest that individual speakers do not
use identical degrees of effort when phonating at equal intensities,
and that speaking effort does not increase uniformly with uniform incre-
ments in speaking intensity. Thus, it is guite possible that differences
in findings across studies employing single speakers as the subject
sample (8, 15, 16, 18, 21, 22) may relate as much to differences among
the speakers studied as to differences in experimental method.

Present findings show that increases in playback level resulted
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in nearly linear increases in rated effort and loudness for all speakers,
in contrast to the irregular patterns of change in rated effort and loud-
ness that occurred with changes in production intensity. It is also
apparent that the slcpes for effort and loudness functions plotted
according to playback level are markedly steeper than the slopes for
effort and loudness plotted according to production level. These find-
ings suggest that playback level variations provide more definitive cues
to and more systematic changes in rated effort and loudness than do
variations in production intensity.

The present findings also show that, except for effort ratings
for one of the four speakers studied, the effects of playback and pro-
duction intensity variations on effort and loudness ratings are inde-
pendent of each other. This suggests that listeners tend to respond,
for the most part, to playback level variations without regard to the
intensity at which the sample was produced and, conversely, to produc-
tion intensity variations independent of the playback level at which the
sample is heard.

These findings are in substantial agreement with those of Brandt
et al. (8) who reported, on the basis of a study in which the speech
sample was a sentence, that loudness and effort ratings are affected by
the intensities at which samples are heard, as well as by cues generated
by differences in production levels, aside from playback level. Lane,
Catania, and Stevens (16), however, felt that speech loudness is based
solely upon SPL differences among speech samples, a finding which is not
completely supported by the results of the present investigation., 1In con-

trast to Lane et al., a number of subsequent investigators (1, 5, 18)
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hypothesized that listeners make judgments of the physiological effort
used by a speaker to produce a sample of a given intensity when they
estimate speech loudness. These investigators, however, asked listeners
to make loudness ratings of speech samples which incorporated a range of
SPL differences among them. Thus, even though Ladefoged and McKinney
(15) and Allen (1) report the existence of a linear relationship between
loudness and a physiological correlate, subglottal pressure, there is no
esvidence that listeners employed in those studies relied upon acoustic
cues other than intensity alone. However, the results of the present
investigation, as well as findings reported by Brandt et al. (8), sug-
gest that increasing speaking level results in increased speaking
intensity and spectral alterations within the spoken sample itself which
can be utilized, independent of each other, by listeners.,

The findings of the present study also suggest that consistent
vowel effects are not observed across the speakers studied., For only
one of the four subjects (Speaker A) did effort and loudness ratings
vary significantly according to the vowel produced. In this instance,
the vowel /a/ received significantly higher loudness and effort ratings
than the vowel /i/. In one other speaker (Speaker C), effort but not
loudness ratings differed significantly according to the vowel. In this
instance, the vowel effect varied complexly as a function of both pro=-
duction and playback intensity level. These findings differ from those
reported by Lehiste and Peterson (18) who report that vowels with lesser
intrinsic intensity are rated louder than vowels with greater intrinsic
intensity. 1In their study, it was postulated that the differences in

the rated loudness of intrinsically weak and strong vowels relate to the
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unequal amounts of effort required to produce each type of vowel at a
uniform production intensity. In the one instance where a vowel effect
was observed in the present study, a vowel with greater intrinsic
intensity. /a/, was rated louder and more effortful than a vowel with
lesser intrinsic intensity, /i/. The present findings suggest, again,
that there may be considerable hazard in extrapolations of findings
from studies of single speakers.

In the present study, the effect of frequency condition (fre-
gquency constant or frequency varying) was significant for three of the
four speakers studied. For two of three speakers, the effect of fre-
quency condition was found to vary significantly as a function of pro-
duction intensity. These findings suggest that, while rated effort and
loudness are influenced by frequency condition (frequency constant or
frequency varying) in the present study, the effects of freguency con-
dition are not seen in all speakers studied nor are they the same for
all speakers where frequency cnondition is a significant factor, 1In a
study of a single speaker, Moll and Petersen (22) reported that listen-
ers heard greater changes in vowel loudness when they were permitted to
hear frequency differences among vowels produced at different intensi-
ties than when vowels were produced at a uniform frequency over the
same intensity range. In the present experiment, considering the three
speakers who displayed frequency condition effects, only one speaker
(Speaker C) displayed steeper loudness and effort functions when fre-
quency was allowed to vary than when frequency was held constant, and
this was true only between two of the three production levels. The

findings of the present study relating to vowel and frequency condition
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effects suggest that frequency condition tended to influence effort and
loudness ratings more frequently than did the vowel produced. It is

apparent, however, that some speakers may evidence a vowel effect with-
out a frequency condition effect or the reverse. It is also clear that
no consistent pattern emerges that defines the behavior of all speakers.
These findings again suggest that gubstgntial speaker-to~speaker varia-
tion occurs in relation to the effects of frequency condition on per-

ceived effort and loudness.

Sentences

A second experiment was performed to determine the extent to
which listeners! ratings of loudness and effort for sentence samples are
dependent upon speaker differencess, production intensity and playback
level. For each sentence sample, the geometric mean of all listener
ratings was obtained for each of the two response variables (loudness
and effort). The geometric means were examined using an analysis of
variance with factorial arrangement of treatments, in which the factors
were production intensity, playback level, and speakers. The analyses
were performed separately for laudness and for effort ratings of the
same sentences. Though significant main effects and interactions invoiv-
ing speakers are observed (Tables 12 and 13), it was not feasible to per-
form the statistical analyses separately for the individual speakers, as
was done for isolated vowels, because only one sentence production per
speaker at each production intensity was available. Therefore, the sen-
tence data represent results found for the four subjects combined.
Descriptinns of these data within the text, however, will consider the

effects of the experimental variables separately for the individual
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subjects.

For purposes of discussion, this section will be organized as
follows: (a) reliability of listener ratings of loudness and effort for
sentences; (b) loudness ratings of the sentences; and (c) effort ratings
of the sentences.

Reliability of listener ratings. Table 10 presents, separately

TABLE 10

INTRA-CLASS CORRELATION COEFFICIENTS FOR LISTENER
RATINGS OF LOUDNESS AND OF EFFORT USED
TO PRODUCE SENTENCE SAMPLES

Loudness Effort

Overall 0.99 0.94
Playback Intensity and Production:

Intensity Covary 0.89 0.97
Playback Intensity Varies, Pro-

duction Intensity Constant 0.99 0.92
Production Intensity Varies, Play=-

back Intensity Constant 0.93 0.95

for loudness and for effort ratings, estimates of interjudge reliability
obtained using the intraclass correlation coefficient (11). Overall
correlations were 0.99 for loudness ratings and 0.94 for effort ratings
of the same sentence samples, For three individual modes of sample
analysis, both for loudness ratings and for effort ratings of the same
samples, all reliability coefficients were 0,92 or above, The magnitude
of these coefficients indicates a high degree of reliability of listener

judgments of these sentence samples.
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Comparison of the reliability coefficients presented for sen-
tences with those for vowels in Table 1 suggests that listeners rate
effort and loudness more reliably for sentence than for vowel samples.
It is possible that the availability of consonant-related effort and
loudness cues contributes to the increased reliability of ratings of
sentence samples.,

Loudness ratings. The results of the statistical analysis of

the loudness ratings for the sentences producesd by the four subjects
used as speakers in this study are presented in Table 11. Examination
of this table shows that the speaker, production intensity, and playback
intensity main effects are significant. In addition, the speaker-by-
production intensity interaction is significant. All other main effects
and interactions are not significant at the 0,05 level of confidence.

Following the format established for presentation of data for
the vowel samples, all significant main effects and interactions will be
presented graphically, Loudness ratings (logqg), averaged over playback
intensities, will be presented as a function of production intensity.
In addition, loudness ratings, averaged over production intensities,
will be presented as functions of playback intensitye. The findings of
this section of the study will be organized as follows: (a) production
intensity effects on loudness ratings, and (b) playback intensity
effects on loudness ratings. The speaker main effect and the speaker-
by-production intensity interaction will be discussed within these head-
ings, as appropriate,

Production intensity effects on loudness ratings. The signifi-

cant production intensity main effect shown in Table 11 suggests that



TABLE 11

SUMMARY OF THE ANALYSIS OF VARIANCE FOR LOUDNESS RATINGS
OF SENTENCES PRODUCED BY FOUR SPEAKERS

Source df ms F
Production

Intensities (A) 2 0.0346 9.416%
Playback

Intensities (B) 2 0.7018 190.615%
AB 4 0.,0018 < 1
Speakers (C) 3 0.0328 8.915%
AC 6 0.0116 3.166%
BC 6 0.0085 2.318
Residual 12 0.0036

* p < 0.05
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the mean loudness ratings, averaged over all speakers and playback
levels, increases as production intensity increases from 65 dB to 85 dB.
The presence of a significant speaker-by-production intensity inter-
action, however, shows that production intensity effects on loudness
ratings differ for the four speakers. The means involved in this inter-
action, averaged over all playback levels, are plotted in Figure 24.
Inspection of this figure reveals two relatively distinct patterns, one
for Speakers A and C and one for Speakers B and D. Mean loudness ratings
for Speakers A and C increase substantially from the 65 dB to the 75 dB
level and then increase much less from 75 dB to 85 dB. Speakers B and
D evidence a decline in mean loudness ratings as production level is in-
creased from 65 dB to 75 dB and a slight increase in rated loudness
between 75 dB and 85 dB. Speakers A, B, and C show an overall increase
in rated loudness from the lowest to the highest production intensity
level, while Speaker D does not. It may also be noted that Speaker D is
rated consistently louder than the other speakers at each of the three
production levels. It seems reasonable to conclude from these findings
that while mean loudness ratings for the speakers as a group tend to
increase with production intensity, this relationship is not consistently
seen for all of the speakers studied. The extent and direction of
changes in rated loudness with each 10~dB increment in production inten-
sity varies for individual speakers.

Playback intensity effects on loudness ratings. The signifi-
cant playback intensity main effect shown in Table 11 is displayed
graphically for each speaker in Figure 25, 1In this figure, the mean

loudness ratings, averaged over all production levels, are presented for
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each of the four speakers at each playback level. It is apparent from
this plot of means that thz rated loudness of the sentence samples
increases almost linearly for each speaker as playback intensity is
increased, As in the graphic display of production intensity effects
in Figure 24, Speaker D is rated louder than the other speakers at all
playback levels, with this difference being most apparent at the 75 dB
and 85 dB levels. These findings suggest that rated loudness tends to
increase constantly as the playback level is increased.

The findings reported in this section suggest that variations
in both production intensity and playback level provide cues used by
listeners in rating the loudness of sentences. It seems clear, however,
that production and playback level cues do not contribute to the per-
ception of loudness in the same manner. Increments in playback level
resulted in increas=ss in rated loudness for all four speakers studied,
The effects of increased production level on rated loudness, however,
varied for individual speakers. In addition, a relatively restricted
range of loudness ratings was assigned tn samples at the three produc-
tion levels, compared to the greater range of ratings representing the
effects of playback level. These differences are evident in comparing
Figure 24 with Figure 25. These findings suggest that variations in
playback level provide more definitive and consistent cues to the loud-
ness of sentence samples than do variations in production level.

Fach sentence sample provided the listeners with an array of
acoustic cues attributable both to the effect of the physioclogical
speech production mechanism as well as to the electronic control of

playback intensity. The procedure used to analyze the data obtained in
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this experiment allowed the investigators to assess, independently, the
effects of production intensity and playback level. Presumably, the
playback level effects revealed by this analysis reflect the influence
upon ratings of the actual SPL at which listeners heard the samples.
Production intensity effects appeared to relate more to the amount of
effort used during sentence production., If this is so, it can be rea-
soned that listeners are able to use acoustic cues relating to thes
intensity at which vouwels are heard as well as the effort used by the
speaker to produce the sentence.

Effort ratings. Results of the analysis of variance presented

in Table 12 reveal that the speaker, production intensity, and playback
intensity main effects are significant., None of the interactions
involving these factors is significant. As in the previous section,
these findings will be presented under two headings: (a) production
intensity effects on effort ratings and (b) playback intensity effects
on effort ratings.

Production intensity effects on effort ratings. The signifi-
cant production intensity main effect for effort ratings of sentences
shown in Table 12 is plotted for each of the four speakers in Figure 20.
In this figure, mean effort ratings, avsraged over all playback levels,
are presented for each of the four speakers as functions of production
intensity. Inspection of this plot of means shous that each of the four
speakers displays an increase in rated effort as production intensity is
increased from 65 dB8 to 85 dB. It is also apparent, as shouwn by the
significant speaker main effect, that differences exist among the mean

effaort ratings forthe individual speakers., The mean effort ratings for
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TABLE 12

SUMMARY OF THE ANALYSIS OF VARIANCE FOR EFFORT RATINGS
OF SENTENCES PRODUCED BY FOUR SPEAKERS

Source df ms F
Production

Intensities (A) 2 0.1896 38,225%
Playback

Intensities (B) 2 0.1333 25.877%
AB 4 0.0109 2.214
Speakers (C) 3 0.0376 7.580%
AC 6 0.0108 2.186
BC 6 0.0044 <1
Residual 12 0.0049

* p <0.05
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Figure 26.~-Mean effort ratings (logqg) for sentences produced
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at each production intensity have been averaged over all playback
levels.
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Speaker D, for example, exceed those for the other speakers at all pro-
duction intensities. Examination of the trends within Figure 26 is of
interest. Although the patterns of change in rated effort with changes
in production intensity tend to vary for individual speakers, the
speaker-by=-production intensity interaction is not éignificant. These
findings suggest, in general, that effort ratings increased as produc-
tion intensity increased. Comparison of Figure 26 with Figure 24 shows
that production intensity cues produced greater increments in rated
effort than loudness. Thus, it may be concluded that listeners make
greater use of acoustic cues which are presumably related to speaker
effort when specifically asked to rate effort as opposed to loudness of
sentences,

Playback intensity effects on effort ratings. The significant
playback intensity main effect shown in Table 12 is presented graphic-
ally for each of the four speakers in Figure 27. The means in this
figure show that effort ratings increase almost linearly as playback
intensity is increased in 10 dB steps from the 65 dB to the 85 dB level,
As in the previous analysis of sentences, Speaker D was judged to emplay
the greatest amount of effort of any of the four speakers and showed the
greatest increase in effort from the lowest to the highest playback
level. These findings suggest that, as nlayback level increases, judgocs
tend to rate the sentence samples to be more effortful.

In comparing effort ratings reflecting the effect of production
intensity and of playback level (Figures 26 and 27, respectively), it
can be seen that the two sets of effort functions are generally similar

in direction and extent. That a similar range of effort ratings
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characterizes the effects of both production intensity and playback level
suggests that judges tend to depend on SPL differences among the samples
as well as production intensity cues in estimating the effort used to
produce the sentences. Moreover, they appeared to rely on the two cue
systems to about the same extent. Thus, cues which are related to dif-
ferences in speaker production level and the actual intensity of samples
at playback seem teo contribute about equally to listener ratings of
effort for sentences. In contrast, analysis of loudness ratings of the
came sentences reflects greater listener dependence on playback level
than on production intensity cues.

Comparison of Figures 24 and 26 shows that listeners reported
more changes in effort than in loudness as a function of production
intensity. This suggests that alterations in the acoustic properties of
sentences which are attributable to different speaker production intensi-
ties contribute more to listener ratings of effort than loudness.

Conversely, a wider range of loudness ratings than effort
ratings is observed when these ratings are plotted as functions of play-
back level (Figures 25 and 27). Apparently the actual intensity at
which the sentences were heard was a more definitive cue to loudness

than to effort for these listeners.

Discussion
In the present investigation, effort and loudness rating data
obtained from sentences produced by four speakers were analyzed to
determine the effects of speakers, production levels, and playback levels
upon the ratings. The findings indicate that there is significant

speaker-to~speaker variability in loudness-effort ratings of sentences.
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This is consistent with findings previously reported for similar ratings
of isolated vowels and suggests that results based upon single-subject
experiments may not be representative of all speakers.

It is evident that loudness and effort ratings for sentences
tend to increase with successive increments in production intensity.
However, each 10 dB increment in p?qdyqtion level does not result in
consistent changes in rated effort or loudness for all speakers, though
speaker variability related to production intensity is more characteris-
tic of loudness ratings than effort ratings. As was suggested in the
previous analysis of loudness and effort ratings for isolated vouwels,
there is reason to believe that this variability in ratings may reflect
true differences in physiological effort used by different speakers to
phonate at the same intensity. Thus, findings that sentences produced
by the individual speakers differ in rated effort and loudness are not
unexpected,

The findings of the present investigation also indicate that
increments in playback level resulted in nearly linear increases in
rated loudness and effort for all speakers. Here, there is less of the
speaker-to-speaker variability which characterizes the effects of pro-
duction level., In addition, loudness slopes are seen to Tise more
steeply as a function of playback level than of production intensity.

It appears that cues related to differences in playback level provide a
more definitive set of cues for loudness ratings of sentences than do
variations in production intensity. 1In contrast, effort functions plot-
ted over playback levels and production intensities appear similar.

Thus, playback level does not appear to be more important than production
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intensity for effort ratings of sentences. 1In addition, the effects of
playback and production intensity variations on effort and loudness
appear to be independent of each other. Thus, listeners tend to respond
to playback level variations without regard to the intensity at which
the sample was produced and, conversely, to production intensity varia-

tions independent of the playback level.

Discussion Summary

The literature cited as background for the present investiga-
tion offers a number of divergent hypotheses concerning the perceptual
bases of speech loudness. Lane, Catania, and Stevens (16) report that
a speaker's judgment of his own vocal level (the autophonic response)
was approximately proportional to the 1.1 power of the sound pressure
level. An exponent of 0.7, however, was reported for the loudness of
isolated vowels judged by listeners, corresponding well to the loudness
function reported for pure tones (30, 31). Thus, they concluded, speak-
ers based estimates of their own speaking level on physiological feed-
back from the degree of vocal effort used as well as SPL, whereas lis-
teners used SPL alone. The findings of Moll and Peterson (22) are con-
sistent with this hypothesis. These investigators report that loudness
and effort functions for listener ratings of isolated vowels are nearly
identical. They conclude that both effort and loudness ratings of
vowels are predicated on the SPL differences among the samples and
assert that listeners cannot differentiate between the effort and loud-
ness of vowel samples even when explicitly asked to do sa.

In contrast, Ladefoged and McKinney (15), based on the study of

CVC syllables, suggest that listeners as well as speakers base their
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judgments of loudness on estimates of the physiologic effort involved
in the production of subglottal pressure. Their conclusion was based
on the findings that listeners' loudness judgments were approximately
proportional to the 1.2 power of the sound pressure level, which cor-
responds well to the exponent (1.1) reported by Lane, Catania, and
Stevens (16) for the autophonic response.

Somewhat compatible findings are reported by Brandt, Ruder,
and Shipp (8). These investigators report that listeners may employ
both effort and SPL cues in their assignment of loudness ratings. They
report different power functions (0.92 and 0.38) for loudness and for
effort, respectively, for sentences produced at equal intensities but
heard at different playback intensities. Conversely, when listeners
were provided with differences in production levels at uniform playback
intensities, they heard slightly more effort differences than loudness
differences though the power functions were not high (0.40 for loudness
and 0,57 for effort). They assert that listeners are able to differ-
entiate "something called effort" from loudness in rating sentence
samples,

The findings of the present study are consistent with those of
gearlier studies (8, 16, 21, 22) uwhich indicate that the loudness of
vowel and sentence samples is an almost linear function of SPL for each
of the speakers studied, When mean ratings of vowel and sentence
samples are averaged over production intensities and plotted as a func-
tion of playback level, nearly a straight line is formed.

The present findings also suggest, however, that loudness judg-

ments can be based on acoustic cues other than SPL differences among
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vowel and sentence samples. The irregular increments in loudness
observed when ratings are averaged over playback levels and plotted as
functions of production level suggest that increments in production
intensity comprise an additional cue to the loudness of the sample.

This cue probably relates to effort-associated alterations of the acous-
tic spectrum. In this respect, the present findings are consistent with
the contention of Ladefoged and McKinney that listeners respond to phy-
siologic effourt in assigning loudness ratings. The failure of leoudness
ratings to increase as a linear function of production intensity, in the
present study, suggests that acoustic cues directly related to physio-
logic effort played a less important role than playback level in deter-
mining the magnitude of loudness ratings.

Loudness and effort ratings of sentences appear to differ from
each other in the relative use by listeners of cues related to produc-
tion intensity and playback level. 1In contrast to loudness ratings,
effort ratings appear to be about equally dependent upon production
intensity and playback level cues. 1In addition, listeners appeared to
depend upon production level cues more for effort than for loudness
estimates. In contract, they seemed to rely more upon playback level
differences in estimating loudness as opposed to effort. This suggests,
consistent with findings cf Brandt et al., that listeners do, in fact,
differentiate "something called effort" from loudness when specifically
asked to do so.

The present findings also suggest that the relationship between
loudness ratings differs for the isclated vowel and sentence samples.

In rating both the effort and loudness of vowel samples, listeners
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tended to respond to the most obvious difference among the samples, that
is, playback level differences or production intensity differences., The
similarity of both sets of ratings suggests, as Moll and Peterson (22)
contend, that listeners cannot differentiate cues to loudness from cues
to effort when specifically asked to do so.

For sentence samples, loudness and effort ratings were differ-
ent from each other. This suggests that listeners recognize and can
label specific cues to effoart in sentences. Perhaps these findings are
attributable to the presence of consonant-vowel combinations in senten-
ces. Brandt, Ruder, and Shipp (8) have suggested previously that spec-
tral and/or temporal alterations in the relationship of conscnants and
vowels accompanying alterations in speaking level may signal changes in
speaking effort. This cue system, understandably, is unavailable in
isolated vowels. Results of the present investigztion sugcest that
while spectral cues relating to speaking effort may be available to
listeners within the isolated vowel, this cue system is not sufficiently
obvious to listeners to allow them to mske true "effort" ratings.

The interrelationships of perceived effort and loudness appear
to be complex anc somewhat variable from speaker to speaker. The
dearee cf inter-speaker variability found in this study suggests that
considerably more infermation is required before these interrelation-
ships can be defined. It also seems cleer that attempts to define the
relationship between perceived effort and loudness may be limited if
approached solely through perceptual measurements., From the present
perceptual data, it can be reasoned that changes in the physiolegy of

speech production co not result in one-to-cne changes in perception.
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Correlative measures of physiologic events would appear to centribute

greatly to our understanding in this aree.



CHARTER V

SUMMARY AND CONCLUSIONS

The purpoce of this study was to investigate relationships
among two types of intensity-controlled speech samples and listeners!
ratings of loudness and of effort. Four normal-speaking adults, two
males and two females, served as subjects for this investigation. The
subjects individually produced each of the vowels /a/ and /i/, as well
as the sentence, "Acccrding to the present information the profits are
high," at 65-, 75-, and 85-dB SPL. The vouwels were produced at each
intensity, first with fundamertal vocal frequency free to vary with
changes in intensity, and then with frequency controlled at a prede-
termined level. Each vowel production was sustained for seven secondu.

A1l sample productions were reccorded on magnetic tape. Threc
exact duplicates of each speaker's production of each test sample were
then dubbed and spliced in random order into two listening tapes, one of
vowels and one of sentences. An attenuator and amplifier were utilized
to attenuate the signal 0, 10, and 20 dB. This allowed the experimenter
to systematically vary the relationships between the production intensi-
ties and playback levels of the test samples. The psychophysical
method of magnitude estimation was used to obtain listener ratings of

loudness and of effort for the recorded samples.
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Using an analysis of variance procedure, the geometric mcans of

ratings were compared to provide en index of the effects of

production intensities, playback level, vowels (vowel samples only), and

fundamental frequency conditions (vowel samples only). Additional

graphic displays of mean ratings, presented individually for the speak-

ers, permitted visual inspection of the effects upon listener ratings of

the experimental variables.,

clusions

1.

Within the limitations of this experiment, the following con-
appear to be warranted:

Loudness and effort are more reliably rated for sentences
than for vowels, Further, ratings for vouwels are more
reliable when listeners hear playback level differences
among the samples than when they base their ratings on pro-
duction level cues alone. In contrast, sentence relia-
bility is uniformly high in both of the two rating condi-
tions.

Loudness and effort ratings for vowels are affected by
vowel identity and by the presence or absence of funda-
mental vocal frequency change associated with alterations
in production intensity. However, the extent to which
ratings are affected by these variables is highly speaker-
dependent.

For sentences as well as for vowels, increased production
intensity is associated with irregular increases in loud-
ness and effort ratings.

For sentences as well as tor vowels, loudness and effurt
ratings based or production intensity differences shouw ruch
speaker-to-speaker variability.

For sentences and for vowels, increments in playback level
are associated with nearly linear increments in rated
loudness and effort. Further, loudness and effort increase
more rapidly with each 10-dB increment in playback level
than for similar increments in production level., This holds
especially for loudness and effort ratings of vowels and, to
a lesser extent, for loudness ratings of sentences.

Effort ratings of sentences increase less rapidly as a func=
tion of playback level than do loudness ratings of sentences
and loudness and effort ratings of vouwels,
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7. Effort ratings of sentences increase more rapidly as a func=-
tion of production intensity than do loudness ratings of
sentences and loudness and effort ratings of vouels,

There are several limitations of the present study that merit
discussion. Although efforts were made to eliminate from the rating
situation the effects of any except the experimental variables, it is
possible that the present results were influenced by certain uncon-
trnlled factors. For example, informal listening to the taped samples
under conditions which simulated an actual rating session revealed the
presence of extraneous background "hum". Two possible sources of this
noise appear likely. It is possible that environmental noise present
during recording may constitute one source. Another possible source was
the electronic equipment used to replay the listening tapes to the lic-
teners. Although the test samples were recorded at a constant tape
recorder VU setting, the signal intensities during the fipal stage of
amplification at playback covered a 20 dB range. The higher levels of
signal amplification may have amplified low levels of noise which are
characteristic of the electronic equipment. Although this background
"Hum" was noticeable upon listening, it was felt to be of sufficiently
low intensity to constitute a minor source of contamination,

The findings of this study may also have been influenced by the
method used to present the test samples to the listeners. Evaluation of
the effects of the two pitch conditions, in particular, may have been
influenced by the fact that vowels produced under both pitch conditions
were randomized onto a single listening tape. Thus, listeners may have
been confused by the range of pitch-intensity combinations available.

In natural speaking situations, pitch change may be a more useable cue
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to speaking level than is implied by the present findings.

In spite of these limitations, the present study suggests that
work already begun tonward identifying acoustic correlates of vocal loudl-
ness and effort (4, 7, ©) is useful and should bLe extended. 1t appears
that some of the cues used by listeners are contained within the vowel
spectrum. However, since the present results indicate that listener<
are able to use the label "effort" when rating the effects of production
level in sentences but not vowels, one would suspect that the addition
of consonants and/or the imposition of a prosodic pattern upon an utter-
ance may nive listeners a more useful set of "effort" cues. Thus, it
would be of interest to investigate the relationship of lcudness and
effort ratings to spectral patterns in consonant-vowel cembinations as
well as to alterations in pitch and rate patterns within centences.

Since acoustic cues to speaking cffort, aside from intensity,
are probably available within isolated vowels, one might hypothesize
that this percept might be related to characteristics of the glottal
source spectrum, The results of a preliminary investigation (12) sug-
gest that such a relationship may exist. Subsequent investigations
might explore further listener perceptions of vocal effort and loudness

for speakers presenting vocal fold pethologies.
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Instructions to Listeners
Training Tape

You are going to make ratings of speech samples which I will
present to you later. To familiarize you with the procedures which you
will use, I want you to practice rating the durations of a number of
tones. 0One tone has been selected as the standard. VYou are to assign
numbers to each of the remaining taones to indicate how long you think
each one is in relation to the standard tone. That is, if a tone sounds
twice as long as the standard, you will assign the value of 200 to it.
You will assign the value of 50 to a tone which sounds half as long as
the standard, and so on. VYou will hear the standard five times before
you are to begin making ratings. Thereafter, the standard will be

repeated after every fourth sample. Do you have any questions?
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Instructions to Listeners
Loudness and Effort Ratings of Sentences

You are now rcady to begin making judgments of speech stimuli.
You are going to judge the loudness of the sentence, "According to the
present information, the profits are high," as it is spoken by two men
and twc women. One sentence has been selected as the standard. You are
to assign to it the value of 100, :You are to assign numbers to each of
the remaining sentences to indicate how loud each one gsounds in relation

to the standard. Please rate the loudness of the spoken sentence only

and disregard any other feature of the sample you hear. You will assign
the value of 50 to a sentence which sounds half as loud, and 200 to onec
that scunds twice as loud, and so on. As before, you will be allowed to
hear the standard several times before you begin judging., It will also
be repeated after every fourth sample you judge., The asterisks which
appecar on your rating sheets before some of the numbers indicate that a
standard sample will be played before the number marked.

Now I am going to present additional samples of the same sen-
tences which you have just rated in terms of loudness. During this
portion of the listening session, I would like for you to judge the
amount af effort which the speaker seems to be using to produce the sen=-
tence., All of the conditions will be the same as before. Again, rate
only the amount of effort which the speaker seems to be using, and dis-
regard any other feature of the sample. The standard sample, which you
will hear several times at the beginning, will be assigned the value of
100, As you listen to the remaining samples, assign the value of 200 to
a sample which sounds as if the speaker used twice as much effort to
produce it. If the speaker seems to be using half as much effort, assign

the value of 50 to that sample.
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Instructions to Listeners
Loudness and Effort Ratings of VYowels

Next, we will present samples of the vowels /g/ and /i/, spoken
by two women and two men, As before, you are to rate the loudness of
these vewels, The vowel which has been selected as the standard will
have a value of 100, Assign the value of 200 to all samples which sound
twice as loud as the standard, 100 to samples which sound just as loud
as the standard, 50 to samples which sound half as loud as the standard,
and so on. On your judgment sheets, the asterisks before some of the
numbers indicates that the standard will be presented before that sample.

Now I am going to present additional samples of the same vowels.
This time you are to rate the amount of effort which the speaker seems to
be using to produce them. The standard stimulus has been assigned a
value of 100. Assign numbers to the remaining samples which indicate
their relation to the standard. Use the value of 200 for vowels which
sound as if the speaker used twice as much effort to produce them. 1If a
vowrl snunds as if the speaker used half as much effort to produce it,

assign the value of 50 to it, and so on.
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TABLE 13

SUMMARY OF THE ANALYSIS OF VARIANCE FOR LOUDNESS RATINGS
OF VOWEL /u/ PRODUCED UNDER FREQUENCY CONDITION I
BY SPEAKERS A, B, C, AND D

Source df ms F
Production

Intensities (A) 2 0.0221 12.,119%
Playback

Intensities (B) 2 D.5842 324,606%
AB 4 0.0054 2.969
Speakers (C) 3 0.0141 7.710%
AC 3 0.0072 3.955%
BC 6 0.0015 <1
Residual 12 0.0018




TABLE 14

SUMMARY OF THE ANALYSIS OF VARIANCE FUR LOUDNESS RATINGS
OF VOWEL /a/ PRODUCED UNDER FREQUENCY CONDITION II
BY SPEAKERS A, B, C, AND D

Source df ms F
Production

Intensities (A) 2 0.0545 26.581%
Playback

Intensities (B) 2 0.6945 339,720%
AB 4 0.0030 1.790
Speakers (C) 3 0.0083 4,097%
AC 6 0.0162 7.940%
BC 6 0.0029 1,435
Residual 12 0.0020

*¥ p < 0.05
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TABLE 15

SUMMARY OF THE ANALYSIS OF VARIANCE FOR LOUDNESS RATINGS
OF VOWEL /i/ PRODUCED UNDER FREQUENCY CONDITION I
BY SPEAKERS A, B, C, AND D

Source df mo F
Production

Intensities (A) 2 0.0877 30.015%
Playback

Intensities (B) 2 0.7404 260,502%
A 4 0.0070 2,406
Speakers (C) 3 0.0576 20.112%
AC 6 0.0056 1.966
BC 6 0.0010 < 1
Residual 12 0,0028




TABLE 16

SUMMARY OF THE ANALYSIS OF VARIANCE FOR LOUDNESS RATINGS
OF VOWEL /i/ PRODUCED UNDER FREQUENCY CONDITION IT
BY SPEAKERS A, B, C, AND D

Source df ms F

Production

Intensities (A) 2 0.0507 14,020%
Playback

Intensities (8) 2 0.6678 184,670%
AB 4 0.0122 3.394
Speakers (C) 3 0.0229 6.355%
AC 6 0.0210 5.827%
BC ) 0.0054 1.510
Residual 12 0.0036

¥ p < 0,05



119

TABLE 17

SUMMARY OF THE ANALYSIS OF VARIANCE FOR EFFORT RATINGS
OF VOWEL /a/ PRODUCED UNDER FREQUENCY CONDITION I
BY SPEAKERS. A, B, C, AND D

Source df ms F
Production

Intensities (A) 2 0.0742 6.137%
Playback

Intensities (B) 2 0.8463 69.952%
AR 4 0.0011 < 1
Speakers (C) 3 0.0436 3.606%
AC 6 0.0111 <
BC 6 0.0076 <1
Residual 12 0.0120

* p £ 0.05
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TABLE 18

SUMMARY OF THE ANALYSIS OF VARIANCE FOR EFFORT RATINGS
OF VOWEL /a/ PRODUCED UNDER FREQUENCY CONDITION II
BY SPEAKERS A, B, C, AND D

Source df ms F
Production

Intensities (A) 2 0.0855 9.551%
Playback

Intensities (B) 2 0.7806 87.206%
AB 4 0.0041 <1
Speakers (C) 3 0.0169 1.894
AC 6 0.0269 3.009%
BC 6 0.0114 1.264
Residual 12 0.0089

* p <0.05
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TABLE 19

SUMMARY OF THE ANALYSIS OF VARIANCE FOR EFFORT RATINGS
OF VOWEL /i/ PRODUCED UNDER FREQUENCY CONDITION I
BY SPEAKERS A, B, C, AND D

TN N -

Source df ms F
Production

Intensities (A) 2 0.1803 39.136%
Playback

Intensities (B) 2 30,9291 201.675
AS 4 0.0044 <1
Speakers (C) 3 0.0650 14,128%
AC 6 0.0106 2.300
BC 6 0.0090 1.955
Residual 12 0.0046

* p< 0,05



SUMMARY OF THE ANALYSIS
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TABLE 20

OF VARIANCE rOR EFFORT RATINGS

OF VOWEL /i/ PRODUCED UNDER FREQUENCY CONDITION II
BY SPEAKERS 4, B, C, AND D

Source df ms r
Production

Intensities (A) 2 0.1003 27.265%
Playback

Intensities (B) 2 0.9903 269.076%
AB 4 0.0039 1.083
Speakers (C) 3 0.0638 17.3541%
AC 6 0.0320 8.699%
BC 6 0.0086 2.350
Residual 12 0.0036

* p S 0,05



APPENDIX E

Spearman Rank Order Correlation Coefficients for Loudness
and Effort Ratings of Vowels and Sentences
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Spearman Rank Order Correlation Coefficients for Loudness
and Effort Ratings of Vowels and Sentences

Correlations between each of four separate groups of listeners and a
single "standard" group ars presented.

Sentences

Loudness 0.93
Effort 0.86

Vowels

Loudness 0.92
Effort 0.89



