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UOUJEL SPECTRAL NOISE LEVELS AND ROUGHNESS SEVERITY 

RATINGS FOR VOWELS AND SENTENCES PRODUCED 2Y 

ADULT MALES PRESENTING ABNORMALLY 

ROUGH VOICE

CHAPTER I 

INTRODUCTION

In recent years, numerous studies of the human voice have ceen 

designed to investigate relationships between perceived cuality disturt- 

ances and associated physiologic and acoustic phenomena. Generally, such 

studies have been useful because they have produced quantitative, repeat­

able findings which aid in understanding mechanisms underlying voice ois- 

orders. This study, utilizing subjects presenting clinical voice abnor­

mality, investigated some of the perceotual and acoustic features of 

vocal roughness and certain of the relationships among such features.

Perceptually delineated, abnormal vocal roughness includes 

hoarseness, harshness, and similar voice quality disturbances (60). It 

now appears that excessive vocal roughness may be a symptom of many dif­

ferent underlying conditions (_1, 1^, 31_, 91). Possibly most familiar as 

a transient symptom of acute laryngitis (25, 71), roughness may reflect 

more threatening diseases. Even in its early developmental stages 

laryngeal cancer, for example, may be associated with vocal roughness

1



(36, 72, 91). Relatively benign conditions including excessive laryn­

geal tension, on the other hand, may give rise to a cc-caracle vocal 

symptom (13, 25, 90). Chronically abusive mcces of chcnaticn may crc- 

duce lesions on the vocal folds or their supporting struccures arc vc: 

roughness (31, 60). Disturbances in laryngeal innervation anc a larg= 

number of other vocal mechanism abnormalities may also ce sy-ctc-atiz= 

by vocal roughness (46, 52, 91). There is evidence (_!, 93) tree

roughness is related to disturbances in the normal vibratory ceccern ; 

vocal cord movements in phonation; thus, it may ce esscciatec _ic- an;, 

condition which effects the requisite physiologic ciscurcance in laryr 

geal phonatory function.

Clinicians commonly assess voice cuality cisturcances cercect 

ually, although it is widely apcreciatec that the validity of s_cm ac- 

praisals is questionable even when they are made cy cemcnstracly cells 

listeners under optimum listening conditions. Acart fro- cirect inscs 

tion of the vocal mechanism in phonation, however, a crccecure rec_ir: 

specialized training and eouipment (̂ 6, 56, 93). clinicians cresencl.. 

have few alternatives to reliance worn tneir csrcsctual skills in aval 

uating vocal adequacy. Though the acoustic voice wave is ocm-cnly ava 

able for study and evaluation, lictle is oressntly -cnown aoo_o “o_ ios 

features are related to the perception of vocal roughness. It arrears 

therefore, that objective information, concerning tn.e relatiomsmic of 

vocal roughness to features of the phonatory acoustic signal _o_lc ce 

useful. Such information may facilitate the clinical aooraisal of voo 

roughness and, thus, may aid in tne mitigation of ios uncerlying eoiol 

gies.

Previous investigations (^, 68, 98) suggest tnat aoouscio ■ =
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tures relating to the perception of vocal roughness are revealed by spec- 

trographic analysis of the voice wave. For a sustained vowel, specifi­

cally, an increase in the perceived roughness of the sample is associated 

with an increase in the level of noise components in the production's 

acoustic spectrum. Recent investigations (49, 63) indicate that vowel 

spectral noise levels may be quantified when a suitable narrow-band spec­

trum of the phonation is produced. These studies reveal also that soec- 

tral noise levels measured in narrow-band (3-Hz) acoustic vowel spectre 

correlate highly and positively with listener judgments of roughness for 

normal and for simulated rough vowel productions.

Though it has been demonstrated that narrow-hand spectrcgraphy 

is useful in delineating acoustic features related to vocal roughness, 

this technique has seldom been employed in the study of a clinical occu- 

lation. Because there are presently little data indicating that vocal 

roughness presented clinically is acoustically similar to simulated 

vocal roughness, it would seem desirable to utilize narrow-band spec- 

trography in a clinical study. Moreover, it would appear that the infor­

mation obtained by such investigation may aid in appraising further the 

usefulness of narrow-band acoustic spectrcgraphy as a research arc clin­

ical tool in the evaluation of vocal roughness. The present stuoy, 

therefore, investigated spectral noise levels in narrow-band (3-Hz) 

acoustic spectra of selected vowels produced by individuals presenting 

vocal roughness clinically. Also investigated were the relationships be­

tween the measured vowel spectral noise levels and judgments of vocal 

roughness for the vowels and for short samples of connected discourse.



CHAPTER II

REVIEW OF THE LITERATURE

Increasingly, clinical and research interest has focused on the 

physical correlates of voice quality. Recent studies cr rough voice 

(49, 68), aided by instrumentation advances, have demonstrated that 

spectrography facilitates the identification of acoustic features associ­

ated with vocal roughness. Few investigations, however, have analyzed 

spectrographically the rough phonations of clinical subjects. This 

study assessed quantitatively noise levels in the acoustic spectra of 

selected vowels phonated by subjects presenting vocal roughness associ­

ated with laryngeal pathology. Relationships between the vowel spectral 

noise levels and roughness juogments for the vowels and for samples of 

connected speech were also explored. Literature reviewed as hackgrcunc 

for this study is reported uncer two major headings: (a) Acoustic Cor­

relates of Roughness in Analogs of Phonation and (b) Acoustic Correlates 

of Roughness in Human Phonation.

Acoustic Correlates of Roughness 
in Analogs of Phonation

To study the acoustic wave features associated with the per­

ception of roughness, UJandahl (94) utilized an electronic laryngeal ana­

log to produce a complex acoustic signal. This signal, generated bv an 

oscillator, was computer controlled in both frequency and amplitude. He
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found that when signal frequency was varied as little as _+ 1 Hz around a 

median frequency of 100 Hz the signal was perceived as rough. When the 

frequency variation was increased, the degree of perceived roughness in­

creased. UJendahl also demonstrated that as the median fundamental fre­

quency of the signal increased, larger cycle-to-cycle frequency varia­

tions (jitter) were required for the perception of roughness. For ex­

ample, a 200 Hz ±  10 Hz signal was judged less rough than a 100 Hz ± 2  Hz 

signal. On the basis of these findings, UJendahl speculated that if male 

and female voices evidence equal amounts of jitter, the male will likely 

be judged to have the more deviant voice. Further, UJendahl (95) found 

that synthesized complex acoustic stimuli were perceived as rough when 

the intensities of successive cycles were attenuated randomly around a 

median amplitude causing the signal to shimmer. He concluded that 

either jitter or shimmer may cause a signal to be heard as rough.

To study further the role of frequency in the perception of 

roughness, Coleman (lO), using the electrical laryngeal analog employed 

by UJendahl (94), investigated the relationship between median frequency 

levels and roughness perception for jittered stimuli. Stimuli were 

studied having five different median frequency levels (87_, 123, 174, 247, 

and 349 Hz) and four different jitter excursions (0.0, 0.5, 1.0, and 1.5 

semitones) from each of the median frequency levels. Coleman found that 

judges rated stimuli with lower median frequencies rougher than those 

with higher median frequencies, for all jitter conditions. Generalizing 

his findings to human phonation, Coleman suggested that two voices might 

be judged equal in roughness though one evidenced more jitter than the 

other. This could obtain, he thought, if the voice evidencing the 

greater jitter had a relatively high fundamental frequency.
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Sherman and Links (70) have suggested that as the duration of 

a harsh utterance is lengthened, its harshness may appear to increase.

To study the perceptual effects of varying the relative length of jitter 

segments in acoustic signals, Coleman and Ulendahl (11) synthesized com­

plex acoustic stimuli containing jitter segments of various relative 

durations. They found that as the duration of a jitter segment within 

an otherwise nonjittered signal increased, the roughness of the signal 

increased. The combined effect of varying jitter duration and jitter 

magnitude was also studied. A large-jitter segment of short duration, 

within an otherwise periodic stimulus, caused the signal to be judged 

less rough than did a small-jitter segment of longer duration. The 

positioning of jitter segments at the beginning or end of otherwise per­

iodic stimuli had little differential effect on the perception of rough­

ness.

Some time ago, Carhart (_8) employed a wave analyzer to study 

the spectra of rough and smooth model larynx tones. He found that the 

perception of roughness accompanied tones for which predominantly in­

harmonic spectra were obtained. Emanuel and Sansone (15) have more re­

cently observed that the effect of varying the frequency of a previously 

periodic pulse train rapidly and randomly around a median frequency is 

to decrease the level of spectral harmonic components and to increase 

the level of inharmonic components. They indicated that there may be a 

relationship between the elevation of spectral noise or inharmonic com­

ponents and the diminution of harmonic components, and frequency varia­

tions in the human phonatory signal.



Acoustic Correlates of Roughness 
in Human Phonation

Investigations of acoustic wave features related to roughness 

in human phonation have been few. Aperiodic vocal fold vibrations re­

sulting in frequency and amplitude variations in the glottal area wave 

have, however, been associated with the perception of vocal roughness 

(53). As the magnitude of such variations increase, the voice tends to 

be heard as increasingly rough. Similarly, frequency and amplitude vari­

ations in the phonatory waves of rough-voiced subjects have been associ- 

ted with roughness. Lieberman (48), for example, found that pitch per­

turbations, i.e., small but rapid variations in the fundamental frequency 

of phonations, not only increased as vocal roughness increased, but also 

were sensitive to the size and location of growths on the vocal folds. 

Large growths on the folds produced larger pitch perturbations than small 

growths similarly located. Large growths adjacent to but not on the 

folds tended to produce smaller pitch perturbations than small growths 

on the folds, however. Lieberman suggested that the measurement of pitch 

perturbations might serve as a useful screening procedure for the early 

detection of laryngeal pathology.

Moore and Thompson ( ^) used high-speed photography to study 

the glottal area wave and a phonellograph to visualize the phonatory 

acoustic wave for two hoarse subjects. Random cycle-to-cycle frequency 

variations were prominent in both the glottal area and phonatory acoustic 

waves of the hoarse phonations and served to distinguish them from normal 

phonations. The vibratory periods were considerably more variable for 

the subject presenting the more severe hoarseness. Coleman (9_) reported 

that small random changes in fundamental vocal frequency occur less often
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in segments of normal phonation than in hoarse segments of comparable 

duration. Bowler (_4) compared the acoustic waves of harsh and non-harsh 

phonations to listener judgments of harshness for each sample. His find­

ings suggested that harsh quality is characterized by extreme and abrupt 

changes in fundamental frequency. These frequency breaks, occurring in 

both upward and downward directions, were not unique to a particular 

phase of phonation, but were found predominantly near the termination cf 

phonation. Bowler also reported that harsh quality was characterized by 

lower than average median frequency values. It has been suggested (54), 

however, that the voice samples described as "harsh" by Bowler may have 

been samples of vocal fry phonation.

Koike (42), using a contact microphone coupled to the pretra­

cheal skin, recorded sustained vowels phonated by normal speaking sub­

jects and by subjects presenting laryngeal neoplasms or unilateral laryn­

geal paralysis. He then measured changes in the peak amolitude of the 

cycles of the acoustic signal picked up by the throat microphone. Serial 

correlation coefficients were computed and correlograms were made for 

each vowel sample to investigate the periodicity of amplitude mcdulaticn- 

Differences were revealed between correlograms for normal scsaking sub­

jects and those presenting laryngeal pathology. The correlograms for the 

normal phonations evidenced a long-term periodicity in amplitude modula­

tions, while those for the abnormal phonations of subjects presenting 

laryngeal neoplasms tended to evidence shorter periodic amplitude modu­

lations with periods of three to twelve fundamental periods. The phona­

tions of subjects presenting vocal fold paralysis appeared to lack peri­

odicity in amplitude modulations. Koike suggested that acoustic ampli­

tude information may be useful in evaluating laryngeal dysfunction and
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may aid in the early detection of some laryngeal pathologies.

Studies concerned with the spectral characteristics of vocal 

roughness have also been few. Those studies which have bean completed 

suggest, however, that spectral changes accompany changes in vocal qual­

ity. In an early attempt to show spectral differences between normal 

and abnormal voice quality. Van Dusen (87) studied four severely metal­

lic, i.e., harsh, voices and four normal voices by harmonic analysis of 

sample phonations. The voices of two men and two women were studied in 

each classification. The female metallic voices evidenced a preponder­

ance of energy in the fundamental frequency with a considerable reduc­

tion of energy in the higher components. The male metallic voices evi­

denced less energy in the first harmonic and a greater spread of energy 

into higher frequency components.

Later, Thurman (82) utilized a Sonagraph to analyze the spec­

tra of vowels produced by a group of individuals presenting a variety of 

voice quality disorders. He reported that the differentiation of devi­

ant from normal voice quality on the basis of sonagraphic analysis of 

the phonations was impracticable. Although formant bandwidth changes 

and formant frequency shifts occurred in the vowel spectra for hoarse 

speakers, they were not consistent, fflore recently, Isshiki, fflorimcto, 

and Yanagihara (^) and Yanagihara (97, 98) have investigated the spec­

tra of sustained vowels phonated by subjects exhibiting slight, moder­

ate, and severe hoarseness associated with laryngeal pathology. Sona- 

grams (45-Hz) and amplitude sections were made from tape recordings of 

the subjects' phonations. Four types of hoarseness were differentiated 

on the basis of the location and intensity of inharmonic components in 

vowel spectra. These noise components were first evident in the higher
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frequency portion of the spectrum in mild hoarseness, and extended into 

the lower frequency range as hoarseness increased. With increasing 

hoarseness, noise components in the formant ranges predominated over the 

harmonics. For the most severely hoarse phonations, the harmonics in the 

main formant ranges were totally obscured or replaced by intensified 

noise components. As a further procedure, Yanagihara (98) mixed normal 

vowel phonations with bandpass filtered noise. As the level of noise 

first obscured the high frequency vowel harmonics and then intruded on 

the vowel formants, the normal phonations were heard to become increas­

ingly hoarse.

Previous investigations suggest, therefore, that the distribu­

tion of acoustic energy is different in vowels produced by speakers pre­

senting vocal roughness and speakers with normal quality. Specifically, 

the elevation of spectral inharmonic or noise components is characteris­

tic of rough vowels. For the most part, such findings have been repor­

ted on the basis of investigations utilizing spectrum analyzers with 

filter bandwidths of 45 Hz or wider. It appears, however, that such 

wide filters may not provide an optimum display of spectral noise in 

rough phonations.

Nessel (57), using a sound-frequency spectrograph of narrow 

selectivity, compared frequency-by-amplitude spectra of sustained vowels 

produced by pathologically hoarse speakers to those produced by normal 

speakers. Characteristic of increasing hoarseness was a reduction of 

harmonic energy below 5000 Hz and an increase in noise throughout the 

spectral frequency range. Nessel indicated that his spectrographic 

findings suggest a method for defining and differentiating hoarseness.

Sansone (68) used a constant bandwidth wave analyzer to obtain
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graphie 3-Hz bandwidth frequency-by-intensity acoustic spectra of five 

vowels individually produced by adult males both normally and with simu­

lated vocal roughness. The findings indicated that spectral noise was 

associated with normal as well as rough vowel productions, but rough pro­

ductions evidenced spectral noise levels greater than those for normal 

productions. For both normal and rough productions of each vowel, spec­

tral noise was most prominent in lower spectral frequencies and decreased 

toward the higher frequencies. High correlations were obtained between 

the spectral noise measures for the test vowels and judges' ratings of 

vowel roughness. Further, both the rough and the normal test vowels were 

ordered with respect to increasing spectral noise in the frequency range 

100 Hz to 2600 Hz /u/, /i/, /a /, /o/, and /as/. In general, vowels pro­

duced with relatively low tongue positions evidenced greater spectral 

noise levels than those with high tongue positions, within normal and 

within rough phonatory conditions. For each test vowel, vocal roughness 

tended to increase linearly with an increase in spectral noise levels. 

Sansone suggested that measures of vowel spectral noise might provide an 

objective index of vocal roughness, and suggested further that his in­

vestigation be extended to a study of clinically rough phonations.

Using the acoustic analysis procedure employed by Sansone,

Lively (49) investigated spectral noise levels associated with vowels 

produced normally and with simulated vocal roughness by adult females.

She explored possible relationships between spectral noise measures and 

ratings of vowel roughness. In general, her findings were consistent 

with those obtained by Sansone (68) for adult males. Lively found that 

spectral noise levels tended to be higher for rough than for normal pro­

ductions of each vowel. For both normal and rough vowel productions, an
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increase in mean spectral noise level appeared to be associated with de­

creasing tongue height in vowel production. Lively found that as the 

mean spectral noise level of a vowel production increased, its median 

roughness rating tended to increase. She hypothesized that, because di­

minished spectral harmonic components as well as elevated noise compo­

nents were associated with an increase in perceived vowel roughness, the 

information essential to the perception of vowel roughness may be a re­

lationship between harmonic and inharmonic spectral energy.

Currently, there is little information regarding the level of 

spectral noise associated with the rough vowel phonations of clinical 

subjects. The present investigation, therefore, sought to measure the 

spectral noise levels associated with vowels produced by subjects pre­

senting laryngeal pathology and vocal roughness. Possible relationships 

between vowel spectral noise levels and the severity of perceived vocal 

roughness in vowels and in connected speech were also investigated.



CHAPTER III 

DESIGN OF THE INVESTIGATION

The purpose of this study mas to analyze spectrographically the 

vowel phonations of persons presenting abnormal vocal roughness clinic­

ally. The study also sought to relate vowel spectral features to the 

degree of vowel and sentence roughness. Specifically, the level of noise 

components in the spectra of selected vowels was related to judges' ra­

tings of vowel roughness and to the roughness of short segments of con­

nected discourse. Twenty adult males with clinically rough voices indi­

vidually produced five selected vowels and two short sentences for mag­

netic tape recording. These vowels and sentences, separately randomized, 

were individually rated for vocal roughness by eleven trained judges.

The median of the judges' ratings provided an index of each production's 

roughness. ■ The recording of each vowel production was also analyzed to 

produce a narrow-band (3-Hz) frequency-by-amplitude acoustic spectrum.

A quantitative index of vowel spectral noise was then obtained by mea­

suring in each vowel spectrum the lowest observable peak of energy in 

each of seventy-nine successive 100-Hz spectral sections from 100 Hz to 

8000 Hz. These data were then applied to specific research questions.

The research questions and the methods employed in this study are dis­

cussed in the following sections.

13
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Research Questions

The following research questions concerning selected vowels and 

samples of connected speech produced by subjects with abnormally rough 

voices associated with laryngeal pathology were investigated:

1. What are the spectral noise features associated with the 
vowels?

2. What is the relative roughness of the selected vowels?

3. What relationships can be demonstrated between the vowel 
spectral noise levels and roughness ratings for the vowel 
productions and for samples of connected speech?

Subjects

Twenty adult males being followed medically by the ENT Clinic, 

Veterans Hospital, Oklahoma City, Oklahoma, were selected as subjects for 

this investigation. The subjects ranged in age from nineteen to seventy- 

seven years. Each subject was initially examined by an otolaryngologist 

and by an experienced speech pathologist to confirm that each presented 

laryngeal pathology and a rough voice. Medical diagnostic information 

regarding the history and nature of each subject's voice oroblsm was ob­

tained from available medical records and an interview of the examining 

physician. A summary of the medical findings for each subject is ors- 

sented in APPENDIX D.

Five different types of laryngeal pathology were evidenced by 

the subject group. Four subjects presented vocal cord polyps; six, 

laryngeal carcinoma; three, vocal cord paralysis; three, benign laryngeal 

masses; and four, laryngeal inflammation and edema. On the basis of dare 

deriveo from preliminary screening tests and available medical records, 

it was determined that each subject had essentially normal hearing in at 

least one ear and that he could be expected to perform the experimental
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task satisfactorily.

Speech Sample

Subjects individually sustained each of the vowels /u/, /i/,

/a /, / a / ,  and /as/. Each also produced two standard samples of connected 

speech: "Doe took father's shoe bench out," and "They have bought a new

car." The connected speech samples were medium length sentences each 

containing high, mid, and low vowels in varied consonant environments. 

Each had been used in previous investigations (48, 75) of the acoustic 

characteristics of voice quality. All speech samples were recorded whil= 

the subjects maintained a constant mouth-to-microphone distance of six 

inches. Each vowel production was sustained for seven seconds at a com­

fortable intensity (75 dB SPL). The sentences were also produced at a 

comfortable intensity approximating 75 dB SPL. Isolated vowels sus­

tained at one intensity provided samples suitable for narrow-band acous­

tic spectral analysis. The selected vowels permitted comparison of the 

present data for subjects exhibiting clinically significant vocal rough­

ness to previous data (49, 68) for subjects simulating abnormal vocal 

roughness and phonating normally. The test vowels selected also oermit- 

ted a consideration of the effects of varying vocal tract configuration 

on the degree of vowel roughness and on vowel spectral noise levels.

Instrumentation

Instrumentation used in this investigation included: a signal

system, an audio recording system, a wave analyzing system, a playback 

system, and a calibration system.
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Description

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

ted by the investigator, controlled the illumination of panel lights used 

to signal subjects to begin and terminate test vowel phonation. Produc­

tions of the connected speech samples were not timed.

Audio recording system. The audio recording system consisted 

of: (a) a sound level meter (General Radio, Type 1551-C) with an at­

tached non-directional piezoelectric ceramic microphone (General Radio, 

PZT Type 1560-P3); (b) a magnetic tape recorder (Ampex, Model AG 640); 

and (c) a monitoring amplifier (Bruel and Kjaer, Type 2603).

The PZT microphone was designed to have a flat frequency res­

ponse (± 1 dB) from 20 Hz to 8000 Hz when at a 70° angle of incidence to 

the sound source. The sensitivity of the microphone was -60.3 dB re: 

Iv/microbar. The sound-level-meter indicated the sound-pressure level 

at its PZT microphone with an average signal-to-noise ratio from 20 Hz to 

10,000 of at least 66 dB. The tape recorder had a flat frequency res­

ponse (± 2 dB) from 40 Hz to 12,000 Hz with a signal-to-noise ratio of 

at least 65 dB at a tape speed of 15 ips.

The output of the sound level meter was connected directly to 

the input of the tape recorder. The output of the recorder was led to 

the monitoring amplifier which served as a vocal-intensity monitoring 

meter. Subjects monitored vocal intensity by observing the amplifier's 

calibrated voltmeter. A simplified diagram of the audio recording system 

is presented in Figure 1.

Wave analyzing system. The experimental vowels were reproduced 

from tape loops by the tape recorder described above and were introduced 

as complex electrical signals into a graphic wave analyzer (General



17

M O N  I T O R I  N G

O U T

R E C O R D E R  .TAPEP Z T  M I C R O P H O N E

70'

S O U N D

M E T E R

Figure 1.— Simplified diagram of the audio recording system.
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Radio, Type 191D-A) for spectrum analysis. The analyzer's frequency 

range ujas from 0 Hz to 54,000 Hz. Its frequency accuracy to 50,000 Hz 

mas i  of frequency dial reading plus 5 Hz. When used in its 3-Hz 

bandwidth mode, the instrument functioned as a continuously tunable nar- 

rom-band filter with the intensity of frequency components in a complex 

signal at least 30 dO down at ±  6 Hz and at least 60 dB down at ±  15 Hz 

from center frequency. The analyzer's signal-to-noise ratio was at 

least 75 dB.

An electric motor drive system mechanically tuned the wave ana­

lyzer through its frequency range and coupled the analyzer to a graphic 

level recorder to permit automatic recording of the level of components 

in the complex electrical signal under analysis. The movement of the 

chart paper in the recorder was synchronized with the wave analyzer's 

frequency-tuning dial. The voltage output of the wave analyzer was pro­

portional to the intensity of the frequency components in a 3-Hz band of 

the complex signal under analysis and served as an electrical input to 

the graphic level recorder. The recorder was equipped with an BO-dB in­

put potentiometer designed for accuracy within ±  1% of full scale deci­

bel value. The level recorder's output was proportional to the loga­

rithm of changes in its input and, hence, was linear in decibels. A 

simplified diagram of the wave analyzing system is presented in Figure 2.

Playback system. The recorded vowels and connected speech 

samples were presented to judges for roughness rating. The playback 

system used for this purpose consisted of a dual-channel magnetic tape 

recorder (Ampex, Model 354) with a flat frequency response (± 2 dB) from 

40 Hz to 12,000 Hz at a tape speed of 15 ips, an amplifier (Sherwood, 

Model S9900a) and a loud-speaker (Al'cec, Model 844A).
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Calibration system. Components employed in instrument calibra­

tion included a pure tone oscillator (Hewlett-Packard, Model ABR 200) 

which drove a loud speaker (Altec, Model B44A), a sound level meter 

(General Radio, Type 1551-c), and a manufacturer-calibrated condenser 

microphone assembly (Bruel and Kjaer, Type 2603). A simplified diagram 

of the calibration system is presented in Figure 3.

Calibration

Audio recording system. The magnetic tape recorder used in 

data collection was inspected and aligned by an audio engineer immedi­

ately prior to this investigation. The vocal-intensity-monitoring sec­

tion of the audio recording system was calibrated to indicate when the 

subject's vocal intensity had reached 75 dB SPL. The monitoring ampli­

fier's voltmeter was used as the subject's intensity indicator. To cali­

brate this meter, a IGOO-Hz reference tone produced by the pure tone 

oscillator was led to the loud-speaker. The sound level meter PZT micro­

phone was placed at a 70° angle of incidence to and two feet in front of 

the loud speaker 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 connected 

directly to the input of the tape recorder, and the recorder was adjusted 

for a -2 dB deflection of its UU meter in response to the 75 dB SPL in­

put. The output of the recorder was then led to the monitoring ampli­

fier and the amplifier's input potentiometer was adjusted for a 15 dB de­

flection on the amplifier's voltmeter in response to the 75 dB SPL input. 

This deflection of the amplifier's voltmeter was marked as the level each 

subject was to maintain during experimental vowel production. The refer-
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ence tone mas then recorded and played back to adjust the audio record­

er's reproduce level to match its record level. Thus, speech samples 

producing a 75 dB SPL indication on the vocal-intensity-monitoring volt­

meter produced a -2 dB deflection on the recorder's record UU meter.

When recorded and played back, the speech samples produced a -2 dB de­

flection on the recorder's reproduce UU meter.

The frequency response of the PZT microphone used in this study 

mas designed for a flat (± 1 dB) response from 20 Hz to 8000 Hz. Immed­

iately before and after oollection of the experimental data, the PZT 

microphone frequency response mas checked against the flat (± .5 dB from 

20 Hz to 10,000 Hz) response of a calibrated condenser microphone and mas 

found to be mithin the manufacturer's specifications.

Wave analyzing system. Before each use, the graphic mave ana­

lyzer mas adjusted for minimal carrier frequency intensity at lom frequen­

cies and aligned for frequency analysis accuracy mithin design specifica­

tions. After this initial adjustment, intensity calibration mas effected 

by introducing a recorded 75 dB SPL lOOO-Hz reference tone into the mave 

analyzer from the tape recorder. The gain of the analyzer and the pen 

excursion of the graphic level recorder mere adjusted for a 75 dB SPL in­

dication on the graph paper. To insure stability of the mave analyzer's 

frequency calibration, a daily check mas made of its response to a series 

of reference tones of knomn frequency produced by the pure tone oscilla­

tor.

Procedures

The experimental procedures in this study included: (a) record­

ing the productions of the test vomels and connected speech samples, (b)
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presentation of the recorded vowels and sentences to judges for roughness 

rating, and (c) analyzing the recorded vowels to produce their frequency- 

by-amplitude acoustic spectra.

Recording Procedure 

All vowel and connected speech samples were recorded in an acous­

tically isolated, two-room testing suite with a low ambient noise level. 

The test room contained the subject's chair, the sound level meter with 

its attached PZT microphone, the vocal-intensity-monitoring amplifier, and 

the signal lights to indicate the beginning and end of test vowel phona­

tion. The adjoining control room contained the magnetic tape recorder 

and the cam timer which controlled signal light timing.

Each subject was first familiarized with the experimental proce­

dures and was then seated in the examination chair. The chair's headrest 

was adjusted vertically for comfort, and a headstrap was employed to mini­

mize changes in the subject's position with respect to the microphone dur­

ing recording. The microphone was placed at a 70° angle of incidence to 

and six inches in front of the subject's mouth. The monitoring amplifier 

was positioned to allow the subject to observe readily the intensity of 

his phonations. A copy of the instructions read to the subjects is pre­

sented in APPENDIX A.

After being familiarized with the speech material, the subject 

practiced phonating each vowel at a constant intensity level as close to 

75 dB SPL as was comfortably possible. The subject also practiced timing 

his phonations with the signal lights until he was able to sustain each 

vowel for seven seconds while maintaining the required intensity. The 

order of vowel presentation was randomized for each subject. The samples
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of connected speech, presented in random order, mere produced at a com­

fortable intensity approximating 75 dB SPL. The investigator remained 

in the test room mith each subject throughout the recording session to 

monitor the intensity of the speech samples and to cue the subject mith 

printed cards bearing the vomel to be phonated and the connected speech 

sample to be spoken.

Each test phonation and spoken sample mas carefully monitored 

by the experimenter. If the appropriate vomel or connected speech sam­

ple mas not produced or if the subject did not maintain the required in­

tensity, the trial mas repeated until an acceptable performance mas 

achieved. To provide data pertinent to an evaluation of the consistency 

of the subjects' performance of the experimental task, five subjects 

mere required to repeat their productions of the test speech samples 

three times. On the basis of random selection, it mas originally inten­

ded that consecutive subjects 9 through 13 serve in this portion of the 

study; however, subject 13 mas unable to complete all three trials and 

he mas subsequently replaced by subject 14 in this phase of the investi­

gation. The three trials for each subject mere completed on the same day 

mith a ten minute rest period between trials. The experimental procedure 

mas essentially the same over trials except that the order of presenta­

tion of the speech samples mas randomized for each trial.

Rating Procedure

The speech samples produced by each subject mere randomized by 

means of tape dubbing for rating. The vomels and sentences mere rated in 

separate sessions. Eleven judges, all graduate students in speech path­

ology, independently evaluated the vocal roughness associated mith each
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vowel and sentence production using a fiue-point-equal-appearing-inter- 

vals scale in which "1" represented least severe and "5" represented 

most severe roughness. The judges were seated in a semicircle facing 

the loudspeaker in an acoustically isolated room. The recorder used to 

reproduce the speech samples was located in an adjoining control room.

Prior to the listening sessions, the investigator made a pre­

liminary rating of all vowel and sentence productions. Four vowel pro­

ductions, two representing each of the extremes of the rating scale, 

were selected. These vowels were played several times to the judges be­

fore actual rating began to provide them with a common reference for the 

extremes of the roughness rating scale. A copy of the instructions given 

to the judges is presented in APPENDIX B.

The vowel judgment session was approximately two hours in 

length. The vowels were presented in four series each consisting of 

fifty vowels with ten minute rest periods between series. The final 

fifty vowels were productions selected randomly from those presented 

earlier and were included to evaluate intra-judge reliability. A Pear­

son 2  of .94 was obtained when the median values of the eleven judges' 

first and second ratings of the fifty vowels in the reliability sample 

were related. When percentages of intra-judge agreement ±  1 scale value 

for the two ratings of the fifty vowel productions were computed, the 

lowest percentage of agreement, 92%, was obtained for judges 8 and 11.

The lowest percentage of inter-judge vowel roughness rating agreement, 

88%, for the one hundred and fifty experimental samples, was obtained 

when the vowel ratings of judge 2 were compared to those of judge 8 .

These results, which are presented in APPENDIX C, appeared to indicate 

that intra- and inter-judge reliability was adequate for this study.
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Before rating roughness of sentences the judges heard four sen­

tence productions preselected by the researcher, tuo representing each 

of the rating scale extremes. A copy of the instructions given to Jud­

ges for rating connected speech samples is presented in APPENDIX 3.

The sentence judgment session mas approximately one and one- 

half hours long. The sentences were presented in two series of fifty 

sentences each. The first series consisted of fifty samples of the sen­

tence "Joe took father's shoe bench out." The second series consisted 

of fifty samples of the sentence "They have bought a new car." A ten 

minute rest period was provided between series. The final twenty sen­

tences in each fifty sentence series were samples selected randomly from 

those presented earlier and were included to evaluate intra-judge relia­

bility. For both test sentences, a Pearson _r of .97 was obtained when 

the median values of the judges' first and second ratings of the relia­

bility samples of each sentence were related. Percentages of intra­

judge agreement i  1 scale value for two ratings of the twenty sentences 

in each series were computed. For the sentence "Joe took father's shoe 

bench out," the lowest percentage, 90%, was obtained for judges 6 and 7. 

For the sentence "They have bought a new car," the lowest percentage, 

95%, was obtained for judges 5 and 10. Percentages of inter-judge sen­

tence roughness rating agreement ±  1 scale value for the thirty samples 

of each sentence not included in the reliability sample, were also com­

puted. The lowest percentage obtained for the sentence "Joe took 

father's shoe bench out" was 87%. The lowest percentage for the sen­

tence "They have bought a new car" was 86%. The results of these pro­

cedures are presented in APPENDIX C. The intra and inter-judge relia­

bility indicated by these data appeared adequate for this study.
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Spectral Analysis Procedure

Magnetic tape loops were constructed from the recordings of each 

vomel produced by each subject. The loops mere tmo seconds in duration 

(tape speed of 15 ips) and mere constructed from a central portion of 

the vomel recording displaying the most uniform intensity as monitored 

from the recorder’s UU meter. Initial and terminal vomel inflections 

mere omitted. The vomel loops mere played individually into the graphic 

mave analyzer to obtain a 3-Hz bandwidth frequency-by-amplituds spectrum 

of each vomel. The analyzer mas operated at a paper speed of 0.5 inches 

per minute and a writing speed of 20 inches per second to insure adéquats 

data resolution and to minimize writing stylus overshoot.

To evaluate the level of test room and instrumental system 

noise during data collection, recordings of test chamber noise mere made 

at various times during the day. Tape loops constructed from these re­

cordings mere analyzed to produce 3-Hz bandwidth room noise spectra. To 

provide an estimate of system noise levels the high peak of energy in 

each 100 Hz spectral section from 100 Hz to 60U0 Hz mas measured in each 

spectrum. Lom noise levels attributable to the instrumental systems and 

test chamber mere evident at all frequencies throughout the total spec­

tral frequency range. Spectra derived from system noise recordings made 

at different times during the day evidenced lom noise levels, and there 

mas negligible variation in the spectra of all test-chamber noise re­

cordings .

To provide a quantitative index of vomel spectral noise levels, 

the lowest observable peak graphic level recorder stylus marking in each 

100-Hz section of each vomel spectrum mas measured in dB SPL. Seventy- 

nine measures, one for each successive 100-Hz section from 100 Hz to 3000
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Hz, were obtained from the spectrum of each vowel. Stylus marking over­

lap, in some instances, may have precluded measurement of the true low 

peak in a 100-Hz section; however, measurement of the lowest observable 

peak provided a numerical index of vowel spectral noise levels. Occa­

sionally, vowel noise levels did not exceed system levels. When this 

occurred, the high peak system noise level in that 100-Hz spectral sec­

tion was recorded as the highest noise level possible at the measurement 

point.



CHAPTER IV 

RESULTS AND DISCUSSION

Results

This study investigated vowel spectral noise levels and rough­

ness ratings for vowels and for samples of connected speech. Twenty 

adult males presenting clinically significant vocal roughness associated 

with laryngeal pathology individually produced each of five vowels /u/, 

/i/, /a /, / a / ,  and /se/ at one intensity, and each of two sentences, "]oe 

took father's shoe bench out" and "They have bought a new car." Tape 

recordings of the vowels and each of the two sentences were presentee to 

a group of eleven judges who rated each production for roughness on a 

five-point equal-appearing intervals scale. The vowel productions were 

judged together, but the productions of each of the two sentences were 

judged separately. Each recorded vowel production was also analyzed to 

produce and 3-Hz bandwidth frequency-by intensity spectrum from 0 Hz to 

8000 Hz of its acoustic components. Noise levels were measured in suc­

cessive 100-Hz sections of each vowel spectrum and these measures were 

related to the roughness rating for the vowels and sentences. The 

roughness ratings for each vowel were also related to those for each of 

the two sentences.

29
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Ratings

• Table 1 presents the median roughness ratings for each of the 

five vowels and two sentences produced by each of the twenty subjects.

For this and subsequent presentations the sentence "Doe took father's 

shoe bench out" is identified as "Sentence 1;" "They have bought a new 

car" is identified as "Sentence 2". It may be seen in Table 1 that the 

median ratings for individual productions of each test vowel and each 

sentence represented a range of roughness, but the range was not the same 

for all test vowels. Generally, ratings for the high vowels /u/ and /i/ 

tended to cluster toward the low-roughness end of the rating scale, while 

ratings for the low vowels / a /  and /se/ and the mid vowel / a /  were more 

frequently toward the high-roughness end of the scale. The range of 

median roughness ratings assigned to each test vowel was; /u/, 1.11 to 

4.00; /i/, 1 .11  to 4.89; /a/, 1 .19  to 5.00; / a / ,  1.60 to 5.00; /as/, 1.94 

to 5.00. Because they were judged independently, however, the produc­

tions of each of the two sentences received roughness ratings ranging 

over the entire five-point scale.

Table 2 presents median roughness ratings for productions of 

each vowel and each sentence averaged over the twenty subjects. This 

Table reveals that the high vowels /u/ and /i/ tended to be rated less 

rough than the other test vowels, with /u/ rated less rough than /i/. 

There was little separation among the average median ratings for the mid 

vowel / a /  and the low vowels / a /  and /as/. The scale value separation 

between the vowel extremes is .93. Identical average roughness ratings, 

between those representing the vowel extremes, were obtained for each of 

the two sentences.

To investigate the degree of association among the median
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TABLE 1

MEDIAN ROUGHNESS RATINGS FOR EACH OF FIVE VOWELS AND 
EACH OF TWO SENTENCES PRODUCED BY TWENTY 

ADULT MALES PRESENTING CLINICAL 
VOCAL ROUGHNESS

Subject /u/ A /
Vowels

A / A / /as/
Sentences* 
1 2

1 3.75 4.59 2.06 4.81 3.42 4.00 3.14
2 4.00 4.89 5.00 4.95 5.00 4.95 6.89
3 3.81 2.92 5.00 4.89 4.89 3.75 4.00
4 3.71 3.14 3.89 2.42 4.00 2.94 3.86
5 1.42 1.11 1.19 1.60 2.11 1.05 1.19
6 3.81 4.06 4.89 4.19 4.89 4.05 4.81
7 2.00 2.06 3.80 3.14 2.71 4.08 3.81
8 1.42 1.29 4.19 3.59 3.08 3.00 2.94
9 1.11 1.59 2.42 1.81 2.05 1.19 1.00

10 2.20 2.59 2.19 2.60 2.81 2.00 1.80
11 1.89 2.14 3.95 2.71 3.00 1.95 1.94
12 2.14 1.60 2.29 3.71 2.62 1.95 2.00
13 3.60 4.42 5.00 5.00 4.95 4.95 4.95
14 2.20 2.95 3.89 4.42 4.71 4.40 6.71
15 1.29 1.75 1.75 1.60 1.94 1.81 1.95
16 3.75 4.89 5.00 5.00 5.00 5.00 5.00
17 2.14 4.42 3.00 3,86 3.00 1.62 2.00
18 3.71 4.14 5.00 4.95 5.00 4.25 3.86
19 1.11 1.29 2.00 2.40 2.94 1.00 1.00
20 2.92 2.25 3.14 2.86 2.29 2.59 1.81

* Sentence 1 - "Joe took father's shoe bench out." 
Sentence 2 - "They have bought a new car."
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TABLE 2

MEDIAN ROUGHNESS RATINGS FOR EACH VOWEL 
AND EACH SENTENCE AVERAGED OVER 

TWENTY SUBJECTS

Speech Sample Average Median Roughness Rating

/u/ 2.60

/i/ 2.90

/a / 3.48

/ss/ 3.52

/a/ 3.53

Sentence 1 3.03

Sentence 2 3.03

roughness ratings for the vowels and the sentences, a correlation sta­

tistic (Pearson r_) was employed. A very high coefficient (.96) was ob­

tained when the roughness ratings for Sentence 1 were related to those 

for Sentence 2. Table 3 shows that the correlation coefficients ob­

tained when the roughness ratings for each test vowel were related to 

those for each sentence were all high (s .72) and significant (P <" .05). 

When ratings for each test vowel were related to those for Sentence 1, 

the vowels could be ranked in order of increasing coefficients: /i/,

/u/, /a/, and / a /  and /as/ tied. When vowel ratings were related to these 

for Sentence 2, the order was: /i/, /u/, / a / ,  /a/, and /as/. When the

coefficients shown in Table 3 for high vowels are contrasted to those 

for low vowels, it is evident that the larger coefficients tended to be 

associated with the low vowels.
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TABLE 3

CORRELATION COEFFICIENTS INDICATING THE RELATIONSHIP 
BETWEEN THE RATINGS FOR EACH TEST VOWEL AND 

THOSE FOR EACH SENTENCE

Vowel
Correlation 

Sentence 1 ^
Coefficients ^

Sentence 2

/u/ .78 .77

A / .73 .72

A / .80 .54

A / .84 .79

/as/ .84 .89

® All coefficients significant at .05 level as determined by 
analyses of varianoe.

^ A coefficient of .95 was obtained when the ratings for 
Sentence 1 were related to those for Sentence 2.

Spectral Noise Levels 

Example aooustic spectra for relatively smooth and relatively 

rough productions of one of the test vowels are presented in Figures 

and 5 respectively. Figure 4 presents the spectrum of an / a /  having a 

median roughness rating of 1.11 produced by subject five. Figure 5 pre­

sents the spectrum of an / a /  having a median roughness rating of 5.00 

produced by subject thirteen. It may be seen that, for both produc­

tions, the levels of harmonic and noise components tend to diminish from 

low to high spectral frequencies. Because the harmonic level diminishes 

more rapidly than the noise level with an increase in frequency, the har­

monics tend to be obscured by noise at the higher spectral frequencies.
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Figures 4 and 5 also reveal a tendency for the spectral noise levels to 

reflect the vowel formants. That is, relatively low spectral noise 

levels are seen between formants and increased levels are evident at for­

mant locations. When Figures 4 and 5 are contrasted, however, it is evi­

dent that the relatively smooth vowel production was characterized by 

prominent harmonics and comparatively low spectral noise levels, while 

the relatively rough production evidenced diminished harmonics and ele­

vated noise levels. In general, features similar to these for / a /  were 

evident for all the test vowel spectra.

Spectral noise level (SNL) means and their standard deviations 

for each of the test vowels are presented in Table 4. The SNLs in Table 

4 are averaged over all subjects, over the total spectral range (TSR), 

and, separately, over each of four spectral segments (SSs). The SSs 

studied were; segment one (S-l), 100 Hz to 2600 Hz; segment two (S-2), 

2600 Hz to 5100 Hz; segment three (S-3), 5100 Hz to 8000 Hz; and segment 

four (S-4), 100 Hz to 5100 Hz. These segments were selected because 

earlier studies (49, 68) suggest that they may relate somewhat differ­

ently to perceived vowel roughness; possibly, because they differ in the 

extent to which they include the formant frequencies of the vowels.

Table 4 shows that for each SS and the TSR the smallest SNL mean was ob­

tained for /u/, and the largest for /as/. When SNL means for S-l, S-4, 

and the TSR were considered, the order of vowels with respect to increa­

sing means was: /u/, /i/, /a /, / a / ,  and /as/. Reversals in this order

occur among the SNL means for S-2 and S-3. Table 4 reveals a decrease 

in the SNL mean from S-l to S-3 for the mid vowel / a /  and the low vowels 

/ a /  and /as/. The decrease from S-l (100 Hz to 2600 Hz) to S-2 (2600 Hz 

to 5100 Hz) is approximately ten dB; from S-2 to S-3 (5100 Hz to 8000 Hz)



36 

TABLE 4

VOWEL SPECTRAL NOISE LEVEL (SNL) MEANS AND STANDARD 
DEVIATIONS FOR EACH OF FIVE VOWELS PRODUCED BY 

TWENTY ADULT MALES PRESENTING 
CLINICAL VOCAL ROUGHNESS

Vowel

Spectral Segment S-l (100 Hz to 2600 Hz) 

SNL Mean
Standard
Deviation

/u/ 18.8 4.9

/!/ 20.1 7.1
A / 30.3 5.4

A / 31.0 6.6

/=/ 34.3 4.9

Vowel

Spectral Segment S-2 (2600 Hz to 5100 Hz) 

SNL Mean
Standard
Deviation

A / 6.7 4.8

A / 20.9 7.9

A / 19.8 13.0

A / 20.1 7.9
/as/ 23.4 6.3

Vowel

Spectral Segment S-3 (5100 Hz to 8000 Hz) 

SNL Mean
Standard
Deviation

/u/ 7.3 7.7

A / 16.7 8.9

/a / 14.9 11.3

/Q/ 14.1 10.5

M 18.4 11.4
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TABLE 4—  Continued

Vowel

Spectral Segment S-4 (lOO Hz to 5100 Hz) 

SNL Mean
Standard
Deviation

/u/ 12.7 4.4

/i/ 20.5 6.6
A / 23.5 5.3

A / 25.6 6.3
/æ/ 28.9 5.2

Vowel

Total Spectral Range (100 Hz to 8000 Hz) 

SNL iïiean
Standard
Deviation

/u/ 10.9 4.9

A / 19.2 6.6

A / 20.7 6.9

A / 21.8 6.9
/æ/ 25.3 6.6
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approximately five dB. For the high vowel /u/, the SNL mean decreases 

from S-1 to S-2 by approximately twelve dB; however, a slight increase 

in the mean occurs from S-2 to S-3. The SNL mean for the high vowel /i/ 

is approximately the same for S-l and S-2, but decreases by about five 

dB from S-2 to S-3.

Examination of the standard deviations for the vowel SNL means 

shown in Table 4 reveals that, in general, the greatest variability was 

associated with S-2 (2500 Hz to 5100 Hz) and S-3 (5100 Hz to 8000 Hz), 

while least variability was associated with S-l (lOO Hz to 2600 Hz). It 

may also be seen that the standard deviations for the vowel /u/ are 

generally smaller than those for the other vowels regardless of the 

spectral segment considered.

Spectral Noise Level and Roughness 
Rating Relationships

An objective of this study was to investigate possible rela­

tionships between vowel spectral noise levels and roughness severity 

ratings. To study these relationships, scatter diagrams relating SNL 

means and median roughness ratings for each of the test vowels were 

plotted. Separate plots were made to show relationships between vowel 

roughness and SNL means for the TSR and each SS. The diagrams suggest­

ed a positive relationship between SNL means over each SS and the TSR 

and the median roughness ratings for each of the test vowels. In gene­

ral, vowel roughnes; tended to increase with an increase in the level of 

spectral noise, regardless of the spectral frequency range over which 

the SNL means were computed. Because spectral noise levels and vowel 

roughness appeared to be most closely associated when S-l SNL means were 

considered, a portion (100 Hz to 1500 Hz) of the S-l frequency range 

(100 Hz to 2600 Hz) was selected for a more detailed inspection. The
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frequency range considered was thus limited because it was of inrerest i 

study the possibility that a high degree of relationship would obtain 

between SNLs for a limited frequency range and vowel roughness ratings.

For the individual productions of each test vowel, a multiole 

regression analysis was performed relating the SNLs in each of fifteer. 

100-Hz spectral sections from 100 Hz to 1500 Hz to the orocucticn's med­

ian roughness rating. Table 5, presents the multiple correlation coef-

TA3LE 5

CORRELATION COEFFICIENTS FOR THE MULTIPLE REGRESSION EETliEEN 
SPECTRAL NOISE LEVELS IN EACH OF FIFTEEN SEQUENTIAL 

100-Hz SPECTRAL SECTIONS FROM 100 Hz to 1600 
Hz AND ROUGHNESS RATINGS FOR 

EACH TEST VOWEL

Vowel Correlation Coefficients *

/u/ .95

/!/ .99

A / .96

A / .96

/as/ .96

* All coefficients significant at .05 level as determined by 
analyses of variance.

ficients obtained for each vowel. The magnitude of these coefficients 

indicates a high degree of linear relationship between the first fifteen 

100-Hz spectral section SNLs and the median roughness ratings for each 

of the test vowels. Because the multiple correlation coefficients were
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uniformly high and significant, the median roughness rating for each test 

vowel production could be predicted from its first fifteen 100-Hz section 

SNLs. For each vowel production the multiple linear regression equation 

used for the prediction was;

Y = Bg + + B2X2 + . . . -r SigX^q

where Y equals the roughness prediction, 3g the Y intercept determined 

by the regression analysis, Eh-igthe regression coefficients determined 

by the regression analysis, and X^-is the successive 100 Hz section SNLs 

from 100 Hz to 1600 Hz for each vowel production.

Table 6 shows the judge's median roughness rating, roughness 

ratings predicted by the linear model, and residuals (the observed 

roughness rating minus the predicted rating) for each subject's produc­

tion of the vowel / a / .  Residuals for this vowel were the largest ob­

tained and are presented to show the magnitude of the greatest residuals 

resulting from use of this regression equation. It can be seen in Table 

6 that the roughness predictions for only two of twenty vowel produc­

tions deviated more than .50 scale value from the median roughness ra­

ting actually obtained for those productions.

It was also of interest in this study to investigate possible 

relationships between spectral noise levels for the five test vowels 

and the median roughness ratings for each of the two test sentences. To 

provide pertinent data, a series of multiple regression analyses were 

performed. Each analysis related vowel SNLs to the roughness judgments 

for the samples of connected discourse. The analyses differed, however, 

with respect to the way in which the vowel SNL measures of interest were 

delineated. In all, the vowel SNLs were considered in five different
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TABLE 6

MEDIAN ROUGHNESS RATINGS FOR ELEVEN BUDGES, ROUGHNESS 
RATINGS PREDICTED BY THE REGRESSION EQUATION,

AND RESIDUALS FOR TWENTY SUBJECTS' 
PRODUCTIONS OF THE VOWEL /a/

Subject
Roughness
Rating Prediction Residual

1 4.81 5.26
2 4.95 4.56 .28
3 4.89 4.90 -.01
4 2.42 2.34 .07
5 1.60 1.82 -.22
6 4.19 3.71 .47
7 3.14 2.97 . 16
8 3.59 3.40 .18
9 1.81 2.26 -.45

10 2.60 2.33 .26
11 2.71 2.69 .01
12 3.71 3.94 -.23
13 5.00 5.27 -.27

14 4.42 3.88 . 53 *
15 1.60 1.91 -.31
16 5.00 4.41 . 58 *
17 3.86 4.28 -.42
18 4.95 5.11 -.16
19 2.40 2.78 -.38
20 2.86 2.48 .37

* Residual > .50 scale value
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ways. First, the S-1 (100 Hz to 2600 Hz) SNL means for each of the five 

vowels were related to the median roughness ratings for each of the two 

sentences (Method l). Then, in independent analyses, the S-2 (2600 Hz 

to 5100 Hz), S-3 (5100 Hz to 8000 Hz), and TSR (100 Hz to 8000 Hz) SNL 

means for each of the five vowels were related to the roughness ratings 

for each of the two sentences (Methods 2, 3, and 4 respectively). Final­

ly, the S-1, S-2, and S-3 SNL means for each of the five vowels were re­

lated to the roughness ratings for each sentence (Method 5). Table 7

TABLE 7

CORRELATION COEFFICIENTS FOR THE MULTIPLE REGRESSION BETWEEN 
UOUJEL SPECTRAL NOISE LEVELS AND ROUGHNESS 

RATINGS FOR EACH TEST SENTENCE

Method of Multiple 
Regression Analysis

Correlation 

Sentence 1

Coefficient 

Sentence 2

1 .84 .79

2 . 65 . 68

3 .72 .78

4 .77 .81

5 .97 .97

presents the multiple correlation coefficients obtained when vowel SNLs 

delineated by each of the five Methods described above were related to 

the roughness ratings for each of the two sentences. The highest coef­

ficients were obtained when the SNLs were specified by Method 5. The 

magnitude of the coefficients associated with Method 5 (.97) suggested
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that the roughness ratings for both of the test sentences might be pre­

dicted from uoiuel SNLs specified by this Method. When such predictions 

mere made utilizing a suitable multiple regression equation, it mas found 

that the obtained residuals (observed rating minus predicted rating) for 

only three of twenty productions of each of the sentences exceeded .50 

scale value.

Pathology Groups 

The subjects in this study each presented one of five different 

types of laryngeal pathology: (a) vocal cord polyps, (b) laryngeal car­

cinoma, (c) vocal cord paralysis, (d) benign laryngeal masses, and (e) 

laryngeal inflammation and edema. Though the small number of subjects 

in each pathology group precluded extensive generalization concerning 

group differences, the vomel and sentence productions of subjects pre­

senting vocal cord paralysis and vocal cord polyps tended to be rated 

slightly more rough and to exhibit higher vomel SNLs than those of sub­

jects presenting the other types of pathology. Regardless of the type 

of pathology presented, subjects generally evidenced a tendency to pro­

duce the high vomels /i/ and /u/ mith less roughness and smaller SNL 

means than the lom vomels / a /  and /ae/ and the mid vomel / a / .  The vomel 

and sentence roughness ratings and vomel SNLs averaged over S-1 and the 

TSR are presented for each pathology group in APPENDIX E.

Repeated Trials

Because it mas of interest in this study to evaluate the re­

liability of subjects' performance of the experimental task, five sub­

jects mere required to repeat the test vomels and connected speech
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samples three times. Subjects 9 through 12 and subject 14 participated 

in this portion of the study. Table 8 presents vomel SNLs for S-1 (100 

Hz to 2600 Hz) and the TSR (100 Hz to 8000 Hz) and vomel and sentence 

median roughness ratings for each trial by each subject. Findings for 

the individual subjects shomn in Table 8 reveal that SNLs and roughness 

ratings for each of the three trials by each subject mere generally 

similar, although some variation over trials is evident. When the dif­

ference betmeen the lomest and the highest SNL in each three-trial 

series mas computed for each vomel produced by each subject, it mas 

found that the average SNL difference among trials mas 4.2 dB for S-1 

and 4.8 dB for the TSR. Table 8 shoms that roughness ratings for re­

peated sentence productions tended to be less variable than those for 

repeated vomel productions. The average difference betmeen the lomest 

and highest roughness rating in a three trial series for all subjects 

mas .84 scale value for vomels, and .25 and .37 scale value for Sentence 

1 and Sentence 2.

Discussion

Because this study paralleled in many of its design features 

earlier studies of normal phonation and simulated "abnormal" vocal rough­

ness by Sansone (68) and by Lively (49), numerous comparisons of the 

present findings mith those reported by Sansone and Lively mere possi­

ble. As the folloming discussion reveals, an assumption of the Sansone 

and Lively investigations that the study of simulated "abnormal" vocal 

roughness in vomels mould aid in understanding the clinical voice prob­

lem tends to be supported by the present findings. The present study, 

homever, investigated vocal roughness in connected speech as mell as in
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TABLE 8

VOWEL SPECTRAL NOISE LEVEL MEANS FOR S-1 AND THE TSR, AND 
VOWEL AND SENTENCE MEDIAN ROUGHNESS RATINGS (MRR)

FOR FIVE VOWELS AND TWO SENTENCES PRODUCED 
THREE TIMES BY EACH OF FIVE SUBJECTS

Vowel Subject Trial
S-1 

(100 Hz to 
2600 Hz)

TSR 
(100 Hz to 
3000 Hz)

MRR

1 16.0 8.4 1.11
9 2 14.4 5.5 1.05

3 15.0 6.2 1.75

1 19.7 9.5 2.20
10 2 22.2 12.3 2.71

3 18.7 7.2 1.75

1 24.0 13.0 1.89
/ u /  11 2 20.2 8.8 2.40

3 19.6 11.8 2.00

1 18.4 7.9 2.14
12 2 15.8 8.1 2.59

3 17.4 10.4 2.59

1 17.1 13.8 2.20
14 2 20.8 16.2 3.40

3 19.4 15.A 2.40

1 17.9 19.9 1.59
9 2 18.6 17.7 1.19

3 16.6 16.3 1.75

1 24.6 21.8 2.59
10 2 23.8 20.1 3.25

3 20.1 18.5 2.06

1 10.8 11.5 2.14
/i/ 11 2 6.6 10.3 2.08

3 8.9 13.4 2.06

1 16.1 13.2 1.60
12 2 13.1 16.9 2.19

3 15.4 17.3 2.71

1 16.1 16.7 2.95
14 2 19.0 26.3 3.92

3 13.4 21.2 3.25
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TABLE 8— Continued

Vowel Subject Trial
S-1 

(100 Hz to 
2600 Hz)

TSR 
(100 Hz to 
8000 Hz)

fflRR

1 25.3 17.2 2.42
9 2 26.5 19.1 1.11

3 31.8 20.5 2.42

1 25.5 15.1 2.19
10 2 25.7 15.0 2.29

3 33.3 22.0 2.81

1 33.7 23.5 3.95
/ A /  11 2 33.0 21.5 2.95

3 19.5 13.8 2.11

1 31.1 14.1 2.29
12 2 32.5 22.2 3.25

3 34.2 19.4 3.06

1 29.5 22.7 3.59
14 2 35.4 31.0 à.71

3 34.7 30.9 6.59

1 29.0 15.2 l.Sl
9 2 28.5 19.4 2.05

3 30.2 17.6 2.60

1 23.2 18.4 2.50
10 2 25.3 19.3 2.94

3 27.3 18.9 2.11

1 25.7 21.1 2.71
/ a /  11 2 25.8 20.5 2.60

3 25.1 17.9 2.00

1 39.4 24.8 3.71
12 2 34.8 20.1 3.14

3 30.9 17.4 2.30

1 33.0 31.5 4.42
14 2 34.4 28.3 4.25

3 35.3 29.7 4.42
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TABLE 8— Continued

Vowel Subject Trial
S-1 

(100 Hz to 
2600 Hz)

TSR 
(100 Hz to 
8000 Hz)

fflRR

1
2
3

32.8 
35.0
35.8

22.1
21.6
25.7

2.05
2.81
2.86

10
1
2
3

30.2
34.3 
33.8

16.4
22.7
23.8

2.81
2.29
2.42

/se/ 11
1
2
3

33.4
31.8
35.1

22.7 
13.4
26.7

3.00
2.60
4.59

12
1
2
3

38.1
34.4
36.5

21.6
21.9
22.5

2.62
3.19
3.00

14
1
2
3

39.1
39.3
37.5

33.1 
37.0
32.2

6.71
6.71 
4.42

Sentence Subject Trial rnsR Sentence Subject Trial rriRR

1.19
1.19
1.19

1.00
1.00

2.00
2.29
2.05

1.30
2.16
2.00

1.95
2.11
1.29

1.96
1.75
1.60

1111

1.95 
1.89
1.95

2.00
2.00
2.42

1212

4.40
4.06
4.42

6.71
6.25
4.89

14 14
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isolated vomels, while only vomels mere studied by the cited investiga­

tors.

The present judgment findings indicated that the order of vomels 

mith respect to increasing roughness mas: /u/, /i/, /a /, /ae/, and /a/.

These findings are consistent mith those of other investigators (49, 68, 

65, 70) and appear to support a hypothesis that the degree of vomel 

roughness tends to be inversely related to tongue height.

The finding that there mas, in general, a high degree of rela­

tionship betmeen the judged roughness for the vomels and that for the 

sentences suggests that the roughness rating for the samples of connected 

speech produced by each subject might be estimated from the roughness 

ratings for his isolated vomel productions. The strongest vomel and 

sentence relationship mas observed betmeen the ratings for the vomels 

/a /, / a / ,  and /as/ and those for each of the sentences. When vomels are 

considered individually, therefore, it appears that ratings for a mid or 

lom vomel might serve better than those for a high vomel as a basis for 

estimating sentence roughness mhen the sentences are similar to those 

studied in this investigation. Both of the sentences for this study 

contained high, mid, and lom vomels, and both received similar roughness 

ratings. The high degree of relationship observed betmeen the roughness 

ratings for the lom and mid vomels and those for the tmo test sentences 

suggest that the judgment of sentence roughness may be predicated pri­

marily upon the perceived quality of the roughest phonetic elements 

mithin the sentence, for sentences containing a variety of vomels. It 

may be, homever, that the present vomel and sentence rating-relation- 

ships mill not hold mhen the samples of connected speech are constituted 

differently from those in this study. Sherman and Linke (70) found that
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the vomel content of a connected speech sample tends to influence the de­

gree of harshness perceived for the sample. They reported that passages 

containing predominantly lom vomels tended to be perceived as more harsh 

than those containing predominantly high vomels, mhen read aloud by 

harsh-voiced subjects.

The present judgment findings may be considered mith respect to 

Sherman's (69) observation that harshness ratings for connected speech 

may be confounded by the presence of "irrelevant factors" such as "pitch 

usage, articulation, effectiveness in conveying meaning," and other, 

speech characteristics. This statement may be interpreted to imply that 

such factors mould tend to affect the roughness ratings for sustained 

vomels less than those for sentences and, thus, might tend to minimize 

the roughness-rating relationship betmeen vomels and sentences produced 

by the same subject group. While it cannot be ascertained that "irrele­

vant factors" did not affect the perceived roughness of the present 

speech samples, subjects producing relatively rough vomels tended to pro­

duce relatively rough sentences and vice versa. Thus, it mould seem that 

the differential effect of any "irrelevant factors" on vomels and sen­

tences in this study may have been of minimal importance. These findings 

for vocal roughness stand in marked contrast to those reported by others 

for nasality. Van Hattum (88), for example, studying cleft palate sub­

jects, observed that nasality ratings for isolated vomels mere not highly 

related to those for connected speech. In his study of cleft palate 

speakers, Bryan (7_) reported that substantial prediction error may occur 

mhen nasality ratings for vomels are used to estimate those for connected 

speech.

In general appearance, the present vomel spectra mere similar to
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those for normal and simulated rough productions reported by Sansone (68) 

and by Lively (49). With regard to measured SNLs, the values for the 

présent vowel productions tended to be larger than those for the normal 

vowel productions and smaller than those for the simulated rough produc­

tions analyzed by Sansone and by Lively. Possibly, the subjects for this 

investigation tended to produce the test vowels with less roughness than 

that simulated by the subjects in the cited investigations. On the 

basis of this comparison of findings, the observation seems appropriate 

that SNLs for "abnormally rough" vowel productions tend to exceed those 

for normal productions both when the roughness is simulated by normal­

speaking subjects and when it is presented clinically by subjects evi­

dencing laryngeal pathology.

The finding that increases in vowel roughness were associated 

with increases in vowel spectral noise levels is generally consistent 

with the results of previous studies. Nessel (57) observed, for vowels 

produced by pathologically hoarse speakers, an elevation of spectral 

noise both in the formant ranges and in higher frequencies. Yanagihara 

and his associates (35, 98) studied sonagrams of hoarse and normal 

vowel productions and noted for hoarse voices an increase in spectral 

noise levels and additional noise components in the formant and higher 

frequency regions. Both Sansone (SB) and Lively (49) found that simu­

lated rough vowel productions evidenced higher spectral noise levels 

than did normal vowel productions.

The present results also indicated that the test vowels tended 

to differ with respect to their spectral noise levels. In general, the 

low vowel SNL means tended to be larger than those for the higher 

vowels. For example, when S-1 (100 Hz to 2600 Hz) was considered, the
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order of vowels with respect to increasing SNL means was: /u/, /i/, /a /,

/ a / ,  and /æ/. This order is the same as that reported by Sansone (68) 

both for normal and for simulated rough vowels produced by males, and it 

closely resembles that reported by Lively (49) for normal and simulated 

rough vowels produced by females. For Lively's study, the order of both 

simulated rough vowels and normal vowels with respect to increasing 5-1 

SNL means was: /i/, /u/, / a / ,  /a/, and /æ/. These findings appear to

support a hypothesis that the level of vowel spectral noise is influ­

enced by the acoustic damping imposed by the configuration of the vocal 

tract during vowel production. Because different vocal tract configura­

tions associated with different vowels are effected in part by tongue 

position adjustments, a relationship is seen between tongue position in 

vowel production and vowel SNLs. Specifically, the vowel SNLs tend to 

be inversely related to tongue height. The generation of noise compon­

ents in vowels, however, may be attributable mainly to source function 

variations, i.e., to variations in glottal valving and in the related 

glottal volume-velocity wave (49, 35). Consideration of both glottic 

and supra-glottic factors appears necessary, therefore, to account for 

the presence and relative level of noise in the spectra of both normal 

and abnormally rough vowels.

The vowel SNL variability associated with each of the spectral 

segments in this study was of interest since it seemed possible that 

this information might be pertinent to the use of SNL measures in clin­

ical voice evaluations. The present findings indicate that less vowel 

SNL variability was associated with the low frequency spectral segment 

S-1 (100 Hz to 2600 Hz) than with segments having a higher frequency 

range. Both Lively (49) and Sansone (68) also reported that less nor-
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mal vowel SNL variability was associated with S-1 than with other spec­

tral segments. It has been noted (62, 18, 22) that the formants of 

greatest importance to perceptual vowel identification are those located 

in the low frequency portions of the acoustic spectrum. It may be as 

Sansone (68) has suggested, therefore, that subjects tend to control the 

distribution of acoustic energy in the low spectral frequencies to pre­

serve vowel identity, thus limiting SNL variability in that spectral fre­

quency region.

In this study, less SNL variability was associated with /u/ 

than with the other test vowels, regardless of the spectral segment con­

sidered. Similar findings were reported by Sansone (68) for normal 

vowels produced by adult males. In her analysis of vowels produced nor­

mally by adult females, however. Lively (49) found that, when all spec­

tral segments were considered, /u/ did not consistently evidence less 

SNL variability than her other test vowels. At this time, therefore, the 

diminished SNL variability associated with /u/ would seem to be a sex de­

pendent phenomenon. Further study will be needed, however, to ascertain 

whether this tentatively identified sex difference is reliable.

Generally, the present results indicated that the level of vowel 

spectral noise was closely related to the degree of perceived vowel 

roughness. High and significant (P < .05) coefficients were obtained 

when the vowel SNL measures over a very limited spectral frequency range 

(100 Hz to 1600 Hz) were related to the roughness ratings for each vowel 

utilizing a multiple correlation procedure. The coefficients for /u/ and 

/a/ were .96, those for /a / and /$/ were .98, and the coefficient for /i/ 

was .99. These coefficients are comparable to those obtained by Lively 

(49) and by Sansone (68) when SNLs for a broader frequency range (100 Hz
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to 2600 Hz) mere similarly related to the roughness ratings for the nor­

mal and simulated rough vomel productions of females and males respect­

ively. Sansone (68) reported multiple regression coefficients of .98 for 

the vomels /i/, /u/, /a/, and /ss/, and .97 for / a / .  Lively (49) reoortec 

coefficients of .97 for the vomels / a /  and / a / ,  .98 for /i/, and .99 for 

/u/ and /as/. When a multiple regression equation mas used in the present 

study to predict vomel roughness ratings from fifteen 100 Hz spectral 

section SNL measures from 100 Hz to 1600 Hz, the residuals indicating the 

difference betmeen the predicted and obtained roughness rating for each 

vomel production tended to be small. Thus, it appears that accurate pre­

dictions of vomel roughness may be made from SNL measures taken over a 

limited spectral frequency range. This finding may have important impli­

cations mith regard to the development of economical, objective proce­

dures for the assessment of rough voice.

The present findings also indicate that vomel spectral noise 

levels and listener judgments of roughness in connected speech tend to 

be related. That is, increases in the level of vomel spectral noise mere 

generally associated mith increases in sentence roughness. Thus, sen­

tence roughness could be predicted from vomel SNL measures mhen a suita­

ble regression equation mas employed. These findings suggest that, unoer 

the conditions of this study, meaningful inferences concerning the rough­

ness of a subject’s connected discourse may be made on the basis of in­

formation obtained from the spectrographic analysis of his isolated 

vomel productions. It may be, therefore, that vomel spectral noise mea­

sures could provide a useful quantitative index of vocal roughness in 

connected speech, though the validity of this hypothesis should be tested 

for a greater variety of vomels and sentences than mere investigated in
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The possibility was considered in this investigation that im­

mediately repeated utterances of the same vouiel or sentence might differ 

markedly in perceived vocal roughness or in SNLs. The findings revealed 

that, for five subjects, neither the vowel SNLs nor the perceptual ra­

tings of vowel and sentence roughness varied greatly over three repeated 

productions of each vowel and sentence. Possibly, however, greater 

voice quality and SNL changes would have been observed had the period of 

time between trials been longer. Because there was some variation in 

SNLs and in roughness ratings over consecutive trials, however, it may 

be that the SNL measures and roughness ratings most representative of a 

subject's behavior at a given time would be an average over repeated 

trials.

The results of this investigation have possible clinical impli­

cations. Currently, medical and speech clinicians tend to rely upon 

their perception of vocal roughness to alert them to the possible 

presence of laryngeal pathology (91). When abnormal roughness is detec­

ted, its severity is usually estimated in terms of a perceptual scale, 

e.g., mild, moderate, or severe, which is practical and seems meaningful 

to the listener. Individuals vary, however, in their ability to detect 

vocal roughness and to estimate its severity reliably. There is a need, 

therefore, for objective procedures which supplement and verify the per­

ceptual impressions of clinicians in their evaluations of vocal quality. 

The present findings suggest that measures of vowel spectral noise might 

be utilized as an objective index of the roughness associated with vowel 

and isolated connected speech samples; thus, such measures may be useful 

in the clinical assessment of vocal roughness.



55
Lieberman (48) has previously suggested that measures of pitch 

perturbation in phonation may be similarly useful in the objective 

assessment of rough vocal quality. He found, homever, that an accurate 

determination of pitch perturbation mas not possible mhen large laryngeal 

gromths interfered mith normal vocal fold closure producing an acoustic 

mave that mas "filled in". In contrast, the present investigation sug­

gests that vomel spectral noise measures mould be feasible even for 

severely rough voices. The fact that all of the subjects for this study 

mere able to complete the experimental task at least once, regardless of 

the type or extent of their laryngeal pathology, lends support to the 

assumption that a procedure similar to that employed in this investiga­

tion may be clinically useful.

Further, the simplicity of the present spectral analysis and 

noise-level measurement procedure suggests the possibility of a practi­

cal screening test based on vomel SNL measures for the early detection 

of laryngeal pathology evidenced by vocal roughness. It mould seem 

doubtful, homever, that such a test mould be sufficient in itself to 

identify the nature and extent of laryngeal pathology. Lieberman (48), 

for example, noted that a small gromth directly on the vocal cord could 

produce larger pitch perturbations than a large gromth mhich mas near 

but not on the folds. Vomel SNLs may be similarly influenced by the 

location of the laryngeal involvement. This study did not permit an 

adequate test of this hypothesis, homever, and further research mould 

appear to be indicated.

In general, the present findings appear to be consistent mith 

theoretical concepts indicating that the perception of vocal roughness 

for both normal and abnormal phonations is related to variations in the
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vibratory pattern of the vocal folds in phonation. With regard to normal 

phonation, it has been suggested (IB, 84, 21, 23) that slight variations 

in the cyclic movements of the vocal folds are characteristic. Varia­

tions may occur, for example, in the periods of successive glottic cycles 

and in the symmetry of movements of the tmo vocal folds mithin and across 

cycles. Such normal variations are thought to create variations in the 

shape, amplitude, and period of the glottal volume-velocity mave (21, 23, 

34, 35, 97). These glottal volume-velocity mave variations, in turn, 

are thought to produce variations in the acoustic voice mave; specific­

ally, in the shape, amplitude, and period of that mave. Finally, acoustic 

voice mave variations mould appear to be manifested spectrographically 

as spectral noise mhich is distributed over a broad spectral frequency 

range. Because vocal fold movements in normal phonation are at best 

quasi-periodic, therefore, measurable spectral noise levels are reported 

for normal vomel productions (49, 6B).

As indicated by the present study, homever, spectral noise 

levels tend to be elevated for subjects presenting laryngeal pathology, 

apparently because the pathology disturbs the periodicity and symmetry of 

vocal fold movements in phonation beyond normal limits (35, 97, 9B). It 

may be hypothesized too that elevated spectral noise levels mould char­

acterize vocal roughness attributable to functional laryngeal hypo- or 

hyperkinesis; or, to extend the hypothesis, to any underlying etiology 

mhich effects the requisite disturbance in vocal fold function. In this 

regard, the similarity in appearance of the present vomel spectra to 

those reported by Sansone (5B) and by Lively (49) for vomels produced 

mith simulated roughness suggests that simulated roughness is acousti­

cally quite similar to that associated mith laryngeal pathology. It
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would appear, therefore, that investigations of the spectral features of 

simulated vocal roughness might be expected to provide information perti­

nent to an understanding of the vocal roughness associated with laryngeal 

pathology.

It is of interest that the present findings did not seem to lend 

support to a hypothesis that there are subtypes of vocal roughness which 

are readily discernable on the basis of an analysis of narrow-band acous­

tic vowel spectrographs. For example, no patterns were seen sharply dif­

ferentiating the rough vowels into distinct spectral categories which 

might relate to the perceptual differentiation of hoarseness and harsh­

ness. Possibly, therefore, this study suggests the acoustic basis for 

Thurman's (82) observation that listeners tend to be unreliable in their 

attempts to differentiate hoarse and harsh voices. The present findings 

raise a question by implication, therefore, regarding the possibility 

that terms like "hoarseness", "harshness", and "roughness" are often 

merely different labels applied to essentially the same percept. Fur­

ther investigation to test the validity of these hypotheses is indicated.

The present findings also suggest the possibility of defining 

the limits of normal and abnormal vocal roughness in terms of the 

level of spectral noise associated with vowels. If it may be assumed 

that listeners can make reliable judgments regarding the normality and 

abnormality of the roughness associated with vowel samples, then the 

range of SNLs associated with normal and with abnormal samples could 

then be specified. Such an objective delineation of normal and abnor­

mal vowel productions might have important clinical and research impli­

cations.



CHAPTER V

SUMMARY AND CONCLUSIONS

The purpose of this study ujas to investigate spectral noise 

levels (SNLs) in narrow-band (3-Hz) spectra of vowels produced by adult 

males presenting vocal roughness associated with laryngeal pathology. 

Also investigated were possible relationships between the vowel SNLs 

and the perceived roughness of the vowels and connected speech samples. 

The need for this investigation became evident when studies by Sansone 

(68) and by Lively (49), utilizing adult male and adult female subjects 

respectively, indicated that measures of spectral noise for normal and 

for simulated rough vowel productions were correlated highly and posi­

tively with the roughness of the vowels. This study sought to investi­

gate the possibility that similar relationships would obtain for the 

phonations of clinical subjects. Because major features of the experi­

mental design employed by Sansone and by Lively were replicated in this 

study, comparisons of the present findings for clinical subjects to 

those from the cited investigations were possible.

Twenty adult males presenting laryngeal pathology and rough 

voices served as subjects for this investigation. The subjects individ­

ually produced each of the vowels /u/, /i/, /a /, /o/, and /as/, and each 

of the sentences "Joe took father's shoe bench out," and "They have
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bought a new car." Each vowel production was sustained for seven seconds 

at 75 dB SPL at a mouth-to-microphone distance of six inches. Similarly, 

the sentences were produced at a comfortable intensity approximating 75 

dB SPL. The vowel and sentence productions were recorded on magnetic 

tape and were randomized for presentation to eleven trained judges for 

roughness rating. The vowels and the sentences were judged separately. 

Anchor samples representing the rating scale extremes were presented to 

the judges at the beginning of each of the judgment sessions. Each judge 

rated the vowels and sentences on a five-point equal-appearing intervals 

scale in which "1" represented least severe and "5" represented most 

severe roughness. The median of the eleven judges' ratings for each 

speech sample was computed as an index of its roughness. The recording 

of each vowel production was also analyzed to produce a narrow-band 

(3-Hz) frequency-by-amplitude spectrum of its acoustic components from 

0 Hz to 8000 Hz. This analysis was made from two-second tape loops con­

structed from a central portion of each vowel production evidencing a 

uniform intensity. To provide a quantitative index of vowel spectral 

noise, the lowest observable peak of energy in each of seventy-nine suc­

cessive 100-Hz sections from 100 Hz to 8000 Hz was measured in dB SPL in 

each vowel spectrum.

The findings indicated that the high vowels /u/ and /i/ tended 

to be rated less rough than the other test vowels, with /u/ rated less 

rough than /i/. There was little separation among average median ratings 

for the mid and low vowels. Average median roughness ratings for each 

of the two sentences were equal and were between those for the vowel ex­

tremes.

When roughness ratings for each test vowel were related to those
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for each sentence, the obtained correlation coefficients mere all high 

( ^ .72) and significant at the .05 level. Roughness ratings for lom 

vomels appeared to be more highly related to sentence ratings than did 

those for high vomels. A very high correlation (.95) mas obtained mhen 

the roughness ratings for each of the tmo sentences mere related.

The findings also indicated that increases in vomel roughness 

mere associated mith elevated spectral noise levels. Relatively smooth 

vomel productions mere characterized by prominent harmonics throughout 

much of the spectral frequency range, mhila the rougher productions evi­

denced diminished harmonics and elevated noise levels across the total 

spectral range. For each test vomel, the levels of harmonic and noise 

components tended to diminish from lom to high spectral frequencies. 

Vomel spectral noise levels tended to be relatively high in formant ran­

ges and relatively lom in interformant and higher frequency ranges. In­

creases in vomel spectral noise levels appeared to be associated mith 

decreases in tongue height in test vomel production. When spectral seg­

ment S-1 (100 Hz to 2600 Hz) mas considered, vomels mere ranked mith 

respect to increasing mean spectral noise levels: / u / ,  /i/, / a / ,  /a / ,

and /$/. Inter-subject spectral noise level variability for each vomel 

mas less for SNLs averaged over S-1 (100 Hz to 2600 Hz) than for SNLs 

averaged over the other spectral segments studied. Among the vomels,

/u/ evidenced the least SNL variability for all SB's and the TSR.

A major purpose of this study mas to explore possible relation­

ships betmeen vomel spectral noise levels and roughness ratings for 

vomels and for sentences. For each vomel, multiple correlation coef­

ficients relating SNLs in each 100-Hz section of the frequency region 

100 Hz to 1600 Hz and vomel roughness ratings mere computed. The cor-
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relation coefficients obtained mere: /u/, .96; /i/, .99; /a/, .98; / a / ,

.96;/ee/ , .98. Thus, only small residuals mere obtained mhen a multiple 

linear regression equation mas employed to predict each vomel produc­

tion's median roughness rating from noise levels measured in each 100- 

Hz section of the spectral frequency range 100 Hz to 1600 Hz. When vomel 

spectral noise levels mere related to sentence roughness utilizing a 

multiple correlation procedure, the highest coefficients (.97) mere ob­

tained mhen the S-1, S-2, and S-3 SNL means for each of the five vomels 

produced by each subject mere related to the roughness rating for each 

sentence he produced. When predictions of sentence roughness mere made 

from vomel SNL means utilizing a suitable multiple regression equation, 

the obtained residuals mere generally small. Only three of tmenty re­

siduals for each sentence exceeded .50 scale value.

To evaluate the consistency mith mhich subjects could perform 

the experimental task, five subjects produced the vomels and connected 

speech samples three times. The findings indicated that SNLs and rough­

ness ratings for three trials for each subject mere generally similar, 

although some differences among trials mere observed.

The subjects in this study presented five different types of 

laryngeal pathology: (a) vocal cord polyps, (b) laryngeal carcinoma,

(c) vocal cord paralysis, (d) benign laryngeal masses, and (e) laryn­

geal inflammation and edema. For all pathology groups, the high vomels 

/i/ and /u/ tended to be associated mith lomer roughness ratings and 

smaller SNLs than the lom vomels / a /  and /as/ and the mid vomel / a / .  The 

findings indicated that the vomel and sentence productions of subjects 

presenting vocal cord paralysis and vocal cord polyps tended to be 

rated slightly more rough and to exhibit slightly higher vomel SNLs than
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those of subjects presenting the other types of pathology. The small 

size of the pathology groups precluded generalizations from these find­

ings, however.

Possible clinical and research implications of the present study 

include the following. It appears that the measurement of spectral noise 

for vowels may provide the basis for an objective index of vocal rough­

ness in vowels and in connected speech. Further, it would appear possi­

ble to differentiate normal and abnormally rough vowel productions on the 

basis of vowel spectral noise level measures. Possibly, therefore, a 

practical screening test based on spectral noise level measures could be 

devised for the early detection of laryngeal pathology evidenced by vocal 

roughness. Another application of vowel SNL measures might be in assess­

ing the effects of voice therapy to reduce vocal roughness. The finding 

that there was a high degree of relationship between vowel SNLs for a 

very limited spectral frequency range (100 Hz to 1600 Hz) and vowel rough­

ness, and the simplicity of the present spectral analysis procedure, 

tends to support the hypothesis that such measures might be practical 

clinically. Further research will be required, however, before the clin­

ical potential of the present findings will be fully realized.
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Instructions to Subjects 

In this experiment a recording mill be made of your voice while 

you are producing vowel sounds and short sentences into the microphone. 

The vowel sounds you are to produce are the underlined sounds in the 

words printed on the cards; /i/ as in bee, /as/ as in c^t, /a/ as in 

h_ot, /a / as in bjjt, and /u/ as in boot. You are not to say the entire 

word, but only the vowel sound that is underlined. The cards will be 

held so you can see them easily during recording. I will also say^each

vowel immediately before you speak it.

You should say the vowel sounds loudly enough so that the

needle on the meter will reach the red mark. You will be given two sig­

nals from the signal lights. The yellow light will come on briefly, in­

dicating that you are to begin speaking and to keep the needle of the 

meter steadily at the mark, When the red light comes on, you are to 

continue to keep the needle steadily at the mark as long- as the red 

light is on. Be very careful to keep the needle on the meter as close 

to the mark as possible. You will have an opportunity to practice say­

ing the vowel sounds before actually making the recording.

Following the vowel recordings you will be asked to say two 

sentences: "3oe took father's shoe bench out" and "They have bought a 

new car," I will say each sentence before you speak it. The sentences 

are printed on cards and will be held so that you may see them during 

recording. The needle on the meter will not remain steady while you 

are speaking but try to keep the needle as close to the red mark as 

possible while you say each sentence. Are there any questions?
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Instructions to Judges: Uouej. Ratings

You are asked to listen to 200, seven-second sustained vowel 

samples produced by adult males. The samples are comprised of the 

vowels /u/, /i/, /a/, / a / ,  and /se/, and represent a rangs of vocal pro­

duction from smooth to rough. The vowel samples will be presented to 

you one at a time, and you are to judge each in relation to a five point 

scale of severity of vocal roughness. Make your judgments on the basis 

of the severity of vocal roughness perceived.

Each vowel is to be rated on a scale of equal appearing inter­

vals with scale values from _1 to 5_. Scale value _1 represents least 

severe vocal roughness and ^  represents most severe. Do not attempt to 

rate vowel samples between any two scale points.

Four vowels representing the extremes of the judgment scale 

will be presented now to help you locate the extremes of the scale. The 

first two vowels will represent least severe vocal roughness and the 

second two will represent most severe. You may listen to these produc­

tions as many times as you wish before the judging begins.

The vowels to be judged will now be presented to you in random

order. There will be a short interval between productions and each will 

be preceded by a number announcement.

You are to judge each of the vowel samples in relation to the

five point scale of severity of vocal roughness. Record on your res­

ponse sheet the scale value from ^  to 5 you think each production should 

be assigned. Because you are asked to scale your perceptions of the 

severity of vocal roughness, there are no right or wrong scale values. 

Thus, a scale value you record for a vowel may not be the scale value
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the person sitting next to you records for that same uowel. For this 

reason, be sure to make your judgments independently. Record the scale 

value assigned to each vowel to the right of its number on your response 

sheet; You may hear each vowel production to be judged as many times as 

you wish. Notice that you will start at the top of a column and work 

down. Be sure to record a judgment for every vowel sample. Leave no 

blank spaces. The vowels will be presented in four segments of fifty 

vowels each with short rest periods between segments. The instructions 

and vowel samples representing the scale extremes will be presented 

again at the beginning of each segment. Are there any questions?
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Instructions to Dudges: Sentence Ratings

You are asked to listen to 50 brief samples of connected speech. 

The samples, consisting of the sentence "Ooe took father's shoe bench 

out" or ("They have bought a new car") spoken by adult males, represent a 

range of vocal production from smooth to rough. The samples will be pre­

sented to you one at a time, and you are to judge each in relation to a 

five-point scale of severity of vocal roughness. Make your judgments on 

the basis of the severity of vocal roughness perceived.

Each sample is to be rated on a scale of equal-appearing inter­

vals with scale values from to 5_. Scale value 1_ represents least 

severe vocal roughness and _5 represents most severe. Scale value 2  is 

in the middle of the scale - - half way between _1 and ^  - - with the 

other numbers falling at equal distances along the scale. For example, 

the distance between scale values 2 and 3 should be the same as the 

distance between A and 5. Do not attempt to rate samples between any 

two scale points.

Four samples representing the extremes of the judgment scale 

will be presented to help you locate the extremes of the scale. The 

first two samples will represent least severe vocal roughness (I's) and 

the second two will represent most severe (5's). You may listen to these 

productions as many times as you wish before the judging begins.

The samples to be judged will be presented to you in random 

order. There will be a short interval between productions and each will 

be preceded by a number announcement.

You are to judge each of the samples in relation to the five- 

point scale of severity of vocal roughness. Record on your response
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sheet the scale value from 1. to _5 you think each production should be 

assigned. Because you are asked to scale your perceptions of the sever­

ity of vocal roughness, there are no right or wrong scale values. Thus, 

a scale value you record for a sample may not be the scale value the 

person sitting next to you records for that same sample. For this rea­

son, be sure to make your judgments independently. Record the scale 

value assigned to each sample to the right of its number on your response 

sheet. You may hear each sample to be judged as many times as you wish. 

Notice that you will start at the top of a column and work down. Be sure 

to record a judgment for every sample. Leave no blank spaces. Are there 

any questions?
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TABLE g

PERCENTAGE OF INTER-OUDGE ROUGHNESS RATING AGREEMENT 
+ 1 SCALE UALUE FOR ONE HUNDRED AND FIFTY 

VOWEL PRODUCTIONS

Judge 11 10 9
Judge
8 7 6 4 3 2

1 94 98 99 98 97 95 96 97 97 96
2 93 95 94 88 96 90 95 92 9<i
3 92 96 96 92 96 93 91 ' 96
4 95 99 97 90 95 91 93
5 92 95 95 90 91 90
6 91 95 93 90 93
7 95 95 97 97
8 89 95 96
9 95 98

10 97

TABLE .0

PERCENTAGE OF INTRA-JUDGE ROUGHNESS RATING AGREEMENT 1 SCALE 
VALUE FOR TWO RATINGS OF FIFTY VOWEL PRODUCTIONS

Judge
1 2 3 4 5 6 7 8 9 10 11

100 96 96 96 98 96 94 92 96 96 92
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TABLE 11

PERCENTAGE OF INTER-OUDGE ROUGHNESS RATING AGREEMENT +1 
SCALE VALUE FOR THIRTY PRODUCTIONS OF THE SENTENCE

"DOE TOOK 1"ATHER »S SHOE BENCH CUT"

Dudge
Oudge 11 10 9 8 7 5 5 4 3 2

1 97 93 100 100 97 93 100 97 100 100
2 97 97 100 93 97 93 93 100 100
3 97 93 100 100 97 93 97 97
4 100 97 100 97 100 93 97
5 93 93 100 100 90 87
5 100 97 100 97 90
7 97 100 100 93
8 100 93 97
9 100 97

10 97

TABLE 12

PERCENTAGE OF INTRA--BUDGE ROUGHNESS RATING AGREEMENT
+ 1 SCALE VALUE FOR TUJO RATINGS OF TWENTY

PRODUCTIONS OF THE SENTENCE "DOE 
TOOK FATHER'S SHOE BENCH OUT"

1 2 3 4
Oudge 

5 6 7 a 9 10 11

100 100 100 100 100 90 90 100 100 100 100
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TABLE 13

PERCENTAGE OF INTER-OUDGE ROUGHNESS RATING AGREEMENT j_ 1 
SCALE VALUE FOR THIRTY PRODUCTIONS OF THE SENTENCE 

"THEY HAVE BOUGHT A NEÜJ CAR"

Oudge
udge 11 10 9 8 7 6 5 4 3

1 100 97 100 97 97 93 100 90 100
2 97 90 90 87 90 86 87 93 90
3 100 100 97 97 97 100 100 97
4 100 93 100 100 100 93 97
5 100 97 100 97 97 93
6 97 97 97 97 97
7 100 100 97 100
8 100 100 100
9 100 100

10 100

93

TABLE 14

PERCENTAGE OF INTRA-OUDGE ROUGHNESS RATING AGREEMENT 
+ 1 SCALE VALUE FOR TIDO RATINGS OF TWENTY 

PRODUCTIONS OF THE SENTENCE "THEY 
HAVE BOUGHT A NEW CAR"

Oudge
1 2 3 4 5 6 7 8 9  10 11

100 100 100 100 95 100 100 100 100 95 100



APPENDIX D 

Clinical Summary of Subjects
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TABLE 15

OTOLARYNGOLOGIST'S CLINICAL SUMMARY OF SUBJECTS 
GROUPED ACCORDING TO TYPE OF 

LARYNGEAL PATHOLOGY

Clinical Group 1 - Uocal Cord Polyps 
Age Clinical DescriptionSubject

14 42

16 77

46

56

Bilateral uocal cord polyps loca­
ted on the posterior one-third of 
the true cords. Rough voice for 
one month prior to examination.

Bilateral, white, fibrotic vocal 
cord polyps extending the length 
of the anterior two-thirds of the 
true cords. History of vocal 
roughness since childhood,

Uocal cord polyp located on the 
anterior one-third of the right 
true cord. Intermittent rough 
voice for several years.

Bilateral vocal cord polyps loca­
ted on the posterior one-third of 
the true cords. Persistent vocal 
roughness lasting four years pre­
vious to examination.

Clinical Group 2 - Laryngeal Carcinoma
Age Clinical DescriptionSubject

56 Carcinoma of the larynx. Exten­
sive granular tumor mass from an­
terior commissure to the right 
arytenoid involving all of the 
right true cord. Rough voice 
lasting two months prior to exam­
ination.
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TABLE 15— Continued

Clinical Croup 2 - Laryngeal Carcinoma 
Subject Age Clinical Description

6 57 Squamous cell carcinoma of the
larynx* Tumor extending down from 
the left ventricular fold to the 
anterior free edge of the left 
true vocal cord. Uocal roughness 
for one month prior to examination.

7 60 Squamous cell carcinoma of the
larynx and hypopharynx. A granu­
lar, ulcerative lesion of the pos­
terior pharynx extending from the 
tip of the epiglottis to the in­
ferior tip of the uvula. The left 
arytenoid is markedly edematous. 
Inflammation and edema of both the 
true and false vocal folds. Uocal 
roughness present for three weeks 
previous to examination.

10 73 Squamous cell carcinoma of the
larynx, A small localized lesion 
on the anterior one-third of the 
right true cord extending to the 
anterior commissure. Intermittent 
rough voice for six months prior 
to examination.

15 55 Squamous cell carcinoma of the
larynx involving the entire left 
true vocal cord. Radiation ther­
apy has resulted in inflammation 
and edema of both true '^nrds. A 
mild vocal roughness is present,

17 58 Squamous cell carcinoma of the
epiglottis. Supraglottic laryn­
gectomy has been performed leaving 
both the ventricular and true 
vocal folds intact. A mild vocal 
roughness is present
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TABLE 15— Continued

Clinical Group 3 — Vocal Cord Paralysis
Subject Age Clinical Description

11 53 Left vocal cord paralysis. The 
left vocal fold lies in the para­
median position and does not move 
to mid line during phonation.
Vocal roughness lasting three years 
previous to examination.

2 ..9 Left vocal cord paralysis and par­
tial loss of the right true cord 
due to traumatic injury. Severe 
vocal roughness is present.

18 72 Right vocal cord paralysis follow­
ing right thyroid lobectomy. Vocal 
roughness is present.

Clinical Group 4 - Benign Laryngeal Mass 
Subject Age Clinical Description

12 73 Benign polypoid mass in the inter­
arytenoid space. A mild vocal 
roughness has been present for six 
months.

8 72 A benign mass, of moderate size, in
the area of the left ventricular 
fold. Some asymmetry and edema of 
the right arytenoid cartilage.
Rough voice for six weeks prior to 
examination,

9 61 Benign polypoid mass in the crypt
of the right piriform sinus imping­
ing upon the right arytenoid.
Vocal roughness is present.
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TABLE 15— Continued

Subject
Clinical Group 5 

Age
- Laryngeal Inflammation and Edema 

Clinical Description

5 46 Inflammation and edema of the true 
vocal cords. Evidence of vocal 
abuse resulting in intermittent 
rough voice for several years.

19 52 Inflammation of the right arytenoid 
cartilage. Left ventricular fold 
is edematous. Rough voice for six 
months prior to examination.

20 45 Inflammation and edema of the true 
vocal cords. Intermittent vocal 
roughness for tuio years prior to 
examination.

13 55 Inflammation of the true vocal 
cords and arytenoids. Uocal rough­
ness associated with vocal abuse 
has persisted for ten days prior to 
examination.



APPENDIX E

Spectral Noise Levels and Median Roughness 
Ratings for Subjects Grouped According 

to Type of Laryngeal Pathology
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TABLE 16

AVERAGE VOWEL SPECTRAL NOISE LEVELS AND VOWEL AND 
SENTENCE MEDIAN ROUGHNESS RATINGS FOR TWENTY 

SUBOECTS GROUPED ACCORDING TO TYPE 
OF LARYNGEAL PATHOLOGY

Pathology

Speech Samples

/u/ / i / _____A / /g/
Sentence Sentence 

/=/ 1 2
Vocal Cord 
Polyps 

N=4

S-1 20.78 25.53 33.15 36.15 37.20
TSR 14.20 24.55 25.10 25.90 31.55
Roughness 3.38 3.84 3.99 4.78 4.51 4,28 4.21
Rating

Laryngeal
Carcinoma

N=6
S-1 20.62 20.07 29.50 28.05 32.58
TSR 11.67 19.45 19.20 19.17 22.07
Roughness 2.52 3.00 3.25 2.97 3.23 2,75 3.04
Rating

Vocal Cord 
Paralysis 

N=3
S-1 21.37 17.53 35.30 30.10 37.90
TSR 12.47 18.03 25.93 24.23 29.10
Roughness 3.20 3.72 4.. 65 4.20 4.33 3.72 3.56
Rating

Benign Laryn­
geal lYlass 

N=3
S-1 15.63 15.87 26.70 32.37 33.30
TSR 7.60 17.20 18.43 22.73 23.73
Roughness 1.56 1.49 2.97 3.04 2.58 2.05 1.98
Rating
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TABLE 16— Continued

Pathology /u/

Speech Samples
Sentence Sentence 

/i/ /A/ / a /  /2/ 1 2

Laryngeal In­
flammation 
and Edema 

N=4

S-1 14.38 19.60 27.75 30. 03 32.13
TSR 7.83 15.85 16.28 18.88 22.45
Roughness 2.26 2. 28 2.83 2.97 3.07 2.40 2.24


