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Fifteen nonsmoking and fifteen smoking females 19 to 36

years of age were evaluated on measures of signal-to-noise

ratio (SNR), jitter, shimmer, and speaking fundamental

frequency (F0). The results indicated that: 1) there is a

significant difference between female smokers and nonsmokers

on measures of SNR, mean, and maximum F0 and, 2) there is no

significant difference between female smokers and nonsmokers

on measures of jitter, shimmer and minimum F0 . The SNR was

found to be a powerful tool which is capable of

distinguishing subtle vocal characteristics between the

subject groups. It would appear that cigarette smoking may

have an impact on the voice before distinct laryngeal

pathologies are present.
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CHAPTER I

INTRODUCTION

Much attention has been focused on the detrimental

effects of cigarette smoking in recent years. Cigarette

smoking has been associated with various health

complications such as lung cancer, cancer of the bladder,

kidney, pancreas, stomach and the uterine cervix (American

Cancer Society, 1982; American Lung Association, 1985). In

addition, smoking is thought to cause cancer of the mouth,

esophagus (American Cancer Society, 1982; American Lung

Association, 1984) and larynx (Wydner, Covey, Mabuchi and

Mushinski, 1976; American Cancer Society, 1982; American

Lung Association, 1985). The 1988 Surgeon General's report

on nicotine addiction identified smoking as a major public

health problem and the most important preventable cause of

death in this country (U.S. Department of Health and Human

Services [U.S.DHHS], 1988).

The effects of smoking on health are of particular

importance to the speech pathologist. Several studies have

documented the numerous detrimental side effects that

smoking may cause in the various components of the

respiratory and phonatory systems. Specifically, Auerbach,

Hammond and Garfinkel (1970) conducted post mortem
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examinations of histologic changes in the larynges of 942

males. Atypical changes were found in the epithelium of the

larynges, particularly in the vocal folds, of the smokers.

These changes included precancerous atypical nuclei, non-

metastasized carcinoma, and early invasive carcinoma. These

histologic changes occurred at a much higher rate in smokers

than nonsmokers. In addition, the occurrence of these

changes increased in proportion to the number of cigarettes

smoked per day.

Colton and Casper (1990) have reported the association

of smoking and precancerous conditions such as leukoplakia,

hyperkeratosis, and polypoid vocal folds, a benign condition

which usually results in dysphonia. Furthermore, Colton and

Casper (1990) reported that the mucosa of the upper

respiratory tract and the larynx are generally red and

irritated in persons who smoke tobacco.

Burch (1976) commented on various chronic respiratory

tract diseases which are often found in smokers. These

diseases include pharyngitis, paranasal sinusitis,

tracheitis, bronchitis, and bronchiectasis. As a

consequence of these chronic conditions, acute respiratory

infections are prone to develop in smokers (Burch, 1976).

These chronic conditions and acute infections compromise the

function of the respiratory system. When this system is

compromised, there is a direct impact on voice production
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(Colton and Casper, 1990). Therefore, even without the

presence of actual pathologies in the larynx, "the effects

of smoking on lung function are sufficient to produce a

broad effect on phonation" (Colton and Casper, 1990 p. 90).

Although research investigating the broad effects of

smoking on phonation is limited, several studies have been

conducted which document the effect of smoking on the

fundamental frequency of the speaking voice. In a study

investigating the effects of smoking on the speaking

fundamental frequency (F0) of adult females, Gilbert and

Weismer (1974) found that the F0 of the smokers was

significantly lower than the F0 for nonsmokers. All of the

subjects were examined by an otolaryngologist who found that

87% of the smokers exhibited some type of abnormality in the

appearance of the vocal folds. In contrast, only 7% of the

nonsmokers showed any evidence of laryngeal abnormality.

The authors attributed the difference in F0 to a thickening

of the vocal folds and the connective tissue as a direct

result of smoking.

Sorensen and Horii (1982) examined the effects of long-

term smoking on fundamental frequency in both male and

female subjects. A significant difference was found

between the F0 values of the male smokers and male

nonsmokers in the spontaneous speech and oral reading tasks.

Similar trends, though nonsignificant, were observed in
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female smokers and nonsmokers on these tasks. The

difference in Fa values for smoking and nonsmoking groups on

sustained vowel phonations was not of statistical

significance, regardless of gender. Despite the lack of

statistical significance on all measures taken, the authors

noted that cigarette smoking does effect the laryngeal sound

source and stated that, "A clear delineation of the long-

term effects of cigarette smoking and pre-pathological

changes in acoustic measures is necessary if we are to

understand the disease process within the larynx" (p. 137).

Murphy and Doyle (1987) observed an increase in both

speaking and sustained vowel Fos in subjects who ceased

smoking for as few as 40 hours. Speech and sustained vowel

samples were collected before, during, and after a 40-hour

period in which two subjects did not smoke. The Fs

returned to original baseline levels when smoking was

resumed. Murphy and Doyle (1987) concluded that the

increases in vocal F0 during the nonsmoking period was due

to a decrease in edema of the vocal folds.

Stoicheff (1981) excluded smokers in a study of the

effect of aging on F0 in normal females due to evidence that

smoking effects vocal fold mass and fundamental frequency.

Stoicheff (1981) stressed that the smoking variable should

be controlled in studies of fundamental frequency.

The aforementioned studies investigated the effect of

smoking solely on fundamental frequency. However, the
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qualitative effects of smoking have not as yet been

investigated. Several objective methods of acoustic

analysis of the voice have been shown to have some

association to vocal quality. These methods include

fundamental frequency perturbation (j itter), amplitude

perturbation (shimmer) and signal-to-noise ratio (SNR).

Jitter is defined as the cycle-to-cycle variations in

the vibratory period of the vocal folds (Zemlin, 1988).

Baken (1987) defined jitter as a measure of frequency

variability. Jitter may be determined in a number of ways,

one of which is relative average perturbation (RAP) (Koike,

1973). This method of measuring jitter removes relatively

slow perturbations which are most probably volitional in

nature (Baken, 1987). Research into the clinical

applications of jitter measurements has shown that vocal

fold vibrations increase in aperiodicity when pathological

conditions are present (Lieberman, 1963; Koike, 1967; Hecker

and Kreul, 1971). Lieberman (1963) and Koike (1967) each

found that, while inflammatory conditions and small growths

on the vocal folds have a minimal effect on frequency

perturbation, perturbation increases in relation to the size

of the growth. Gilbert (1975) reported that frequency

perturbation may be sensitive to severe respiratory

insufficiency. Several studies have shown frequency

perturbation to be an objective acoustic measure that

correlates with subjectively perceived hoarseness (von
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Leden, Moore, and Timcke, 1960; Lieberman, 1963; Deal and

Emanuel, 1978; Yumoto, Sasaki, and Okamura, 1984).

Amplitude perturbation, or shimmer, is similar in

computation to the measurement of jitter. In this case, the

variations in the amplitude of the vocal fold from one cycle

to the next are measured. Although amplitude perturbation

has not been investigated as thoroughly as jitter, there is

evidence which suggests that shimmer may be at least as

important, if not more important, in its contribution to the

perception of hoarseness as jitter (Wendahl, 1966a+b;

Takahashi and Koike, 1975).

The signal-to-noise ratio (SNR; also known as harmonic-

to-noise ratio or HNR) is a relatively new method of vocal

analysis which was developed as an objective evaluation of

the degree of hoarseness in the voice signal (Yumoto, Gould,

and Baer, 1982). Several earlier studies have shown that

hoarseness is characterized by the replacement of harmonics

with noise energy (Isshiki, Yanagihara and Morimoto, 1966;

Yanagihara, 1967a+b; and Kim, Kakita, and Hirano, 1982).

Kojima, Gould, and Lambiase (1979), Kojima, Gould, Lambiase,

and Isshiki (1980),, and Kitajima (1981) based their

investigations into the SNR on the premise that, since an

aperiodic sound is intensified at the expense of a periodic

signal, a ratio of one to the other might be the best

measure of hoarseness. Their method of computing SNR was
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complex and inconvenient (Baken, 1987), and was rapidly

improved upon by Yumoto et al. (1982).

Yumoto et al.'s (1982) method was based on the

assumption that the acoustic wave of a sustained vowel is

comprised of two components: 1) a periodic component that

is the same from cycle to cycle and 2) an additive, random

noise component that has a zero-mean amplitude distribution

(Yumoto et al., 1982). Yumoto et al. (1982) reported that

when a sufficiently large portion of the cycles from the

original acoustic signal is averaged, the noise component is

effectively canceled. The resulting wave is an accurate

estimate of the periodic signal which is the harmonic

component of the original acoustic wave. The noise

component is then determined by subtracting the averaged

harmonic wave from the original acoustic signal (Baken,

1987). Finally, the ratio of harmonic to noise is converted

to a decibel scale (Yumoto, 1983).

Several studies have identified the SNR as an

objective acoustic measure that is useful in quantifying

subjective evaluations of hoarseness (Yumoto et al., 1982;

Yumoto, 1983; Yumoto et al., 1984). In a study by Yumoto

et al. (1982), two experts evaluated the amount of noise in

relation to the amount of harmonic component in the

spectrograms of 62 subjects. The subjects in this study

included 42 adults with no vocal abnormalities and 20 adults

with laryngeal disorders. The disordered subjects presented
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varying degrees of hoarseness. A highly significant

correlation (r = .849) was found between the SNR

calculations and the subjective evaluations of hoarseness.

Based on the distribution of normal subjects in the Yumoto

et al. (1982) study, an SNR of less than 7.4 Db was regarded

as pathological, although a significant overlap in the SNR

of normal and pathologic voices was observed. Similar

results were reported in a later study (Yumoto, 1983), who

then concluded that the SNR would be an important tool for

assessing hoarseness.

Yumoto et al. (1984) investigated the correlation of

the SNR, jitter, and spectrographic classification with the

psychophysical measurement of the degree of hoarseness. The

degree of hoarseness present in the spectrograms of 87

phonatory samples was classified by two experts. The

psychophysical measurement of hoarseness was determined by

eight laryngologists who rated their auditory impressions of

the degree of hoarseness on a four-point scale. The SNR

showed the highest correlation (r = .809) with the

psychophysical measurement of hoarseness. Significant

correlations between spectrographic classification and the

psychophysical measurement of hoarseness (r = .805) and

jitter and the psychophysical measurement (r = .712) were

also reported. The authors stated that the SNR seems to be

the most clinically applicable method of quantitatively

measuring hoarseness.
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Eskenazi, Childers, and Hicks (1990) also investigated

the relationship between various voice qualities and six

acoustic measures in patients with normal voices and

patients with pathologic voices. In this study, the SNR was

found to be a reliable predictor of voice quality in the

pathologic voices, particularly when used in conjunction

with the pitch amplitude (PA). PA is defined by Eskenazi et

al. (1990) as the maximum amplitude of the normalized

autocorrelation function of the residue signal that does not

appear at the origin and, therefore, represents the degree

of voicing in a voice signal. Eskenazi et al. (1990) did

not agree with the conclusion of Yumoto et. al (1982) in

which an SNR of less than 7.4 dB was considered

pathological. Eskenazi et al. (1990) reported that 70% of

the pathological voices had an SNR which was greater that

7.4 dB, and 19% of the normal voices had an SNR which was

less that 7.4 dB. Unfortunately, Eskenazi et al. (1990) did

not report means and ranges of the SNR values for their

normal and disordered groups.

The SNR appears to be a comprehensive measure of the

characteristics of the voice. Eskenazi et al. (1990) have

stated that, "By its nature, this measure takes into account

the jitter and shimmer present in the signal, which is one

of its advantages, because jitter affects the spectrum of a

sustained vowel by reducing the amplitudes of the harmonics

and introducing noise between them" (p. 299). Baken (1987)
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has stated that the SNR may prove to be a valuable clinical

diagnostic procedure, particularly with the advent of

extensive computer usage in voice diagnostic procedures.

As the aforementioned studies have shown, smoking has

been related to various health risks, some of which may have

an impact on voice production. Considerable effort has been

directed at educating the public as to the general health

hazards of cigarette smoking. As a result of these efforts,

there has been a decline in the prevalence of smoking in the

overall population (Fiore, Novotny, Pierce, Hatziandreu,

Patel and Davis, 1989). However, smoking habits have

typically differed between males and females. The majority

of smokers were male during the first half of this century

(U.S.DHHS, 1980) and the prevalence of smoking among males

increased rapidly through 1955 (Morbidity and Mortality

Weekly Report, 1987). Recent research conducted by Fiore et

al. (1989) has indicated that the prevalence of smoking

among males decreased markedly from 1975 to 1985.

In contrast, the prevalence of smoking among females

remained low during the first part of the 20th century.

According to Fiore et. al (1989), the rate of smoking among

females began to increase as the social restrictions that

had previously been placed upon them began to dissolve.

Unlike the rate of smoking among males, smoking rates among

females had not yet peaked at the time of the Surgeon

General's report on smoking and health in 1964 (U.S. DHHS,
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1980). Fiore et al. (1989) recently reported that smoking

prevalence among females decreased from 1974 to 1985. It is

important to note that this decrease occurred at only one-

third the rate observed for men (Fiore et al. 1989).

The Surgeon General's report (U.S. DHHS, 1980)

indicates that a convergence of smoking rates among males

and females is possible in the near future. Ultimately

these trends could result in the reversal of the long-

standing observation that males smoke at a higher rate than

females. These data suggest that, while the public health

message to cease smoking has met with moderate success among

men, more attention must be focused on educating women as to

the health hazards of smoking.

Speech pathologists may be able to take part in this

education process by researching the effects of smoking on

the female voice. An important application of this research

is the assessment of vocal changes as a result of smoking

using measurements of SNR, jitter, and shimmer. Therefore,

the following hypotheses will be examined in this study:

1. There will be no significant difference between

female smokers and female nonsmokers on measures

of SNR, regardless of the use of maximum or

minimum cycle length.
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2. There will be no significant difference between

female smokers and female nonsmokers on measures

of fundamental frequency perturbation (jitter).

3. There will be no significant difference between

female smokers and female nonsmokers on measures

of amplitude perturbation (shimmer).

4. There will be no significant difference between

female smokers and female nonsmokers on measures

of mean, maximum, and minimum speaking fundamental

frequency, and in the speaking fundamental

frequency range.



CHAPTER II

METHODS

Subjects

Fifteen female smokers (mean age = 24.4 years, S.D. =

4.5 years) and 15 female nonsmokers (mean age = 24.7 years,

S.D. = 3.7 years) were chosen from the student and staff

population of the University of North Texas. Smokers were

defined as those who currently smoked cigarettes only

(Sorensen and Horii, 1982) and had smoked at least 10

cigarettes per day for at least three years. It is felt

that this definition is a more valid description of the

smoking population than the criteria of at least 100

cigarettes smoked in a lifetime used by Fiore et al. (1989).

Nonsmokers were defined as those who had never smoked

cigarettes or who had not smoked in at least five years.

The means, standard deviations and range for age, years

smoked, number of cigarettes smoked per day and approximate

number of cigarettes smoked in a lifetime for each subject

group are shown in Table 1. The approximate number of

cigarettes smoked in a lifetime was determined by

multiplying the number of years smoked by 365 (the number of

days in a year). The resultant number was then multiplied

by the number of cigarettes smoked per day. It should be

13
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noted that considerable variability exists in the smoking

group as to the number of years smoked, the number of

cigarettes smoked per day, and the approximate number of

cigarettes smoked in a lifetime. Since all subjects were

chosen at random, it is believed that this group is an

accurate representative sample of the smoking population.

Table 1. The means, standard deviations, and ranges for the
age, years smoked, number of cigarettes smoked per day and
approximate number of cigarettes smoked in a lifetime for
the nonsmoking and smoking groups.

Number of Approx. number
Age in Years cigs. per of cigs. per
years Smoked day lifetime

Nonsmokers

Mean 24.7 - - -

S.D. 3.7 - - -

Range 20-33 - - -

Smokers

Mean 24.4 6.9 18.3 52,316.7

S.D. 4.5 4.5 8.8 55,998.8

Range 19-36 3-18 10-45 14,600-197,100

S.D. = Standard Deviation

All of the subjects reported no history of vocal abuse

or vocal trauma, no history of hormonal treatments or

supplements, including fertility pills, and no use of

illicit drugs within the preceding five years, including

marijuana. In addition, all subjects were required to pass
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a pure tone hearing screening at 20 dB (re: ANSI, 1969) at

the frequencies of .5, 1, 2, and 4K Hz.

Phonatory Task

Each subject was asked to produce a sustained phonation

of the vowel /a/. The vowel /a/ has been frequently

selected for analysis of the signal-to-noise ratio (SNR),

jitter, and shimmer as the acoustic effects of the vocal

tract are likely to remain stable during the production of

this vowel (Stevens, 1972; Yumoto et al., 1982), and the

point of maximum acoustic excitation is easily identified

within the glottal cycle (Yumoto et al., 1982). The vowel

/a/ is also widely used in other studies of fundamental

frequency and acoustic characteristics of the voice (Murry

and Doherty, 1979; Sorensen and Horii, 1982; Yumoto et

al., 1982; Yumoto, 1983; Murphy and Doyle, 1987). Each

subject was instructed to produce three trials of the vowel

/a/ (Horii, 1982; Sorensen and Horii, 1982; Murphy and

Doyle, 1987), holding each trial for a minimum of two to

three seconds at a comfortable frequency and intensity

level. The subjects were required to maintain frequency and

intensity as steadily as possible (Horii, 1982; Sorensen and

Horii, 1982; Yumoto et al., 1982; Yumoto, 1983).

Data from the phonatory task was collected and analyzed

using the instrumentation shown in Figure 1.
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Signal Input

Microphone Amplifier and DT2801-A
(Realistic anti-aliasing A/D Converter
Omni filter 12-Bit
Directional) (TTE 411AFS) Sampling

Frequency = 20 KHz

CompuAdd 286
12 MHz
Computer

Figure 1. The diagram of the equipment set-up for the
phonatory task.

The sustained vowel phonations were sampled at 20 KHz

using the DT2801-A 12 bit A/D converter and low-pass

filtered at 10 KHz to prevent aliasing. Software control of

the DT2801-A board was exercised by the Canadian Speech

Research Environment (CSRE) program (V.3.0, University of

Western Ontario and University of Alberta). A

representative pitch period of the sampled phonation was

measured using the CSRE program. Following this procedure,

50 cycles from a central and stable amplitude portion of

each vowel were written to file (Yumoto et al., 1982;

Yumoto, 1983; Yumoto et al. 1984; and Eskenazi et al. 1990).

The 50 cycles from the sampled waveform were analyzed using

the Voice Analysis Software (VAS) (Awan and Frenkel, 1991)
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program. This program expands upon Yumoto et al.'s (1982)

method of deriving SNR by (1) automatically determining

exact deviations in the cycle period based upon the

representative pitch period, and (2) deriving SNR from both

maximum and minimum cycle lengths. The program also

provides measures of jitter (relative average perturbation -

RAP) (Koike, 1973) and shimmer (dB) (Horii, 1979). The VAS

(Awan and Frenkel, 1991) program derives jitter and shimmer

from the same 50-cycle sample used in SNR analysis.

Speech Task

Each subject was asked to read "The Rainbow Passage"

(Fairbanks, 1960). Each subject was permitted a practice

reading of the passage before a recording was made. After

the initial recording was completed, an additional reading

was allowed if either the examiner or the subject believed

that a better reading was possible (Sorensen and Horii,

1982).

The mean, maximum and minimum speaking fundamental

frequencies (F0s) for each subject were derived from the

second sentence of "The Rainbow Passage" (Shipp, 1967;

Horii, 1975; Murphy and Doyle, 1987). Each subject's speech

sample was recorded using a Realistic Omni Directional

microphone and a Realistic SCT-82 cassette recorder. At a

later time, each recording was analyzed using the MSL Pitch
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subprogram of MicroSpeech Lab (v.3, Software Research

Corporation).



CHAPTER III

RESULTS

Reliability

As a measure of reliability, three subjects from each

group (six subjects in all) were retested on all measurement

variables at least one week after the initial testing

session. Test-retest means, standard deviations, and mean

differences for the various dependent variables are shown in

Table 2. Pearson correlations and t-tests for related means

were computed for the test-retests sets of measurements

across the six subjects, and are also presented in Table 2.

None of the mean differences for the various dependent

variables were significant, and all mean differences

observed in this study were considered within acceptable

limits for reliability purposes. The signal-to-noise ratio

(SNR) was computed for all sustained /a/ phonations in two

ways. One method computed SNR based upon the maximum cycle

length (SNRMAX) in the phonatory sample; the other method

computed SNR based upon the minimum cycle length (SNRMIN) in

the phonatory sample. Test-retest correlations for SNRMAX,

SNRNIN, and speaking fundamental frequency (F0) variables

(speech mean, speech maximum, and speech range) were all

significant (p < .05). Nonsignificant correlations were

19
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observed for jitter, shimmer, and F0 speech minimum

variables.

Table 2. Test-Retest means, mean differences, t-scores,
Pearson correlations (r) and coefficients of determination
(r2 ) for SNRMAX (dB), SNRMIN (dB), jitter (ms), shimmer
(dB), and all measures of speaking F0 (mean, maximum,
minimum and range in Hertz).

Test-
Retest

Dependent 1st Re- Mean _t-

Variable Test test Diff. Score r r2

SNRMAX 14.14 13.85 .29 N.S. .948** .899

SNRMIN 14.63 14.78 .15 N.S. .908* .824

Jitter .0043 .0043 0.00 N.S. .388 .151

Shimmer .417 .327 .09 N.S. -. 004 .000

F0 - mean 210.5 212.3 1.8 N.S. .946** .895
max 268.0 277.3 9.9 N.S. .833* .694
min 170.7 169.8 .90 N.S. .555 .308

F. Range 97.3 107.5 10.2 N.S. .775 .601

** p < .01 N.S. = nonsignificant
* p < .05

Signal-to-Noise Ratio (SNR)

For each of the methods of computing SNR, a One-Between

(two levels of Group - i.e., Nonsmokers vs. Smokers), One-

Within (three levels of Trial) ANOVA was computed. FMAX

statistics (nonsignificant) were computed to assure

homogeneity of variance between samples.

Results of the analysis of SNRMAX indicated a

significant main effect of Group (F = 22.38, df = 1,28;
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p < .001). The main effect of Trial and the interaction of

Group by Trial were nonsignificant.

Similar results were found for the analysis of SNRMIN,

in which only a significant main effect of Group (F = 19.60,

df = 1,28; p < .001) was observed. SNR means, standard

deviations, and ranges for the nonsmoking and smoking groups

are presented in Table 3. The distribution of SNRMAX scores

for the nonsmoking and smoking groups is shown in Figure 2;

the distribution of SNRMIN scores is shown in Figure 3.

Jitter and Shimmer

A One--Between (two levels of Group), One-Within (three

levels of Trial) ANOVA was computed separately for both

jitter and shimmer. FMAX statistics (all nonsignificant)

were computed to assure homogeneity of variance between

samples. No significant main or interaction effects were

observed for either of these measures. Means, standard

deviations, and ranges for both jitter and shimmer for the

nonsmoking and smoking groups are presented in Table 3.
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Table 3. The means, standard deviations, and range for
SNRMAX (dB), SNRMIN (dB), jitter (ms), shimmer (dB), and all
measures of speaking F0 (mean, maximum, minimum, and FO
range in Hertz) for the nonsmoking and smoking groups.

Dependent Nonsmoking Smoking
Variable Group Group

SNRMAX
Mean
S.D.
Range

SNRMIN
Mean
S.D.
Range

Jitter
Mean
S.D.
Range

Shimmer
Mean
S.D.
Range

14.05
1.57

11.95-17.97

14 .65
1.48

12.26-18.33

.0049

.0019
.0033-.0088

.589

.163
.311-.756

11.55
1.84

8.69-14.06

12.29
1.89

9.48-15.00

.0060

.0028
.0031-.0109

.600

.251
.262-1.149

Mean Speaking F0
Mean
S.D.
Range

Max Speaking F0
Mean
S.D.
Range

Min Speaking F0
Mean
S.D.
Range

Speaking F0 Range
Mean
S.D.
Range

S.D. = Standard Deviation

224.20
14.32

191-249

300.07
12.53

276-322

171.80
12.26

148-199

128.27

18.67
90-151

203.67
17.57

177-244

248.27
26.76

218-306

164.07
8.77

148-174

84.20
76.00
55-130
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Speaking Fos

A One--Between (two levels of Group), One-Within (three

levels of Frequency-type) was computed for mean, maximum and

minimum Fos in speech. FMAX statistics (all

nonsignificant) were computed to assure homogeneity of

variance between samples. Results of the analysis indicated

significant main effects of Group (F = 28.56; df = 1,28; p <

.001) and Frequency-type (F = 664.97; df = 2,56; p <.001),

as well a significant interaction effect of Group by

Frequency-type (F = 29.808; df = 2,56; p < .001). The

presence of an interaction effect indicated that conclusions

based on the main effects alone will not completely describe

the data (Keppel, 1982). Therefore, the interaction effect

was further investigated using the Fisher Least Significant

Difference (LSD) Means Comparison Test [Critical Difference

(CD) = 17.74]. The results of the post-hoc analysis

indicated significant differences between the nonsmoking and

smoking groups for mean and maximum speaking Fs. The

difference between the groups was not significant for

minimum Fps in speech. The means, standard deviations and

range for each of the speaking F0 measures of each group are

presented in Table 3.

F0 Ranges in Speech

A t-test of independent measures was computed to

investigate the difference between the groups in terms of
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speaking F0 range. Speaking F0 range in Hertz (Hz) was

calculated for all subjects by subtracting the minimum F0

from the maximum F0 . The FMAX statistic (nonsignificant)

was computed to assure homogeneity of variance between

samples. A significant difference (t = 6.01; df = 28; p <

.001) was observed between the speaking F0 ranges of the

nonsmoking and smoking groups. The mean, standard deviation

and range for the speaking F0 ranges of each group are

presented in Table 3.

Correlations

Pearson correlations were computed separately for the

nonsmoking and smoking groups to investigate the

relationships between all dependent variables as well as

subject age, years smoked, number of cigarettes smoked per

day, and approximate number of cigarettes smoked in a

lifetime ("subject variables"). Several significant

correlations were found in each of the groups. Significant

correlations for the dependent variables for both the

nonsmoking and smoking groups are presented in Table 4.

Complete correlation matrices are presented in Appendix B.
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Table 4. The significant correlations for SNRMAX (dB),
SNRMIN (dB), shimmer (dB), and all measures of speaking F0
(mean, maximum, minimum and range in Hertz) for the
nonsmoking and smoking groups.

Dependent

Variables

SNRMAX to

SNRMAX to

SNRMIN to

Mean FO to

Mean F0 to

Mean F0 to

Max F. to I

Max FO toI

Min F. toI

* p < .01
** p < .001

SNRMIN

Shimmer

Shimmer

Max F0

Min F0

range

Min F0

range

range

Nonsmokers

r r2

.940** .884

-.730* .533

-. 784** .615

.717* .514

N.S. N.S.

N.S. N.S.

N.S. N.S.

.760** .578

-. 747** .558

N.S. = nonsignificant

Smokers

r

. 976*

N.S.

N.S.

.874**

.756**

.784**

.756**

.958**
N.S.

rz

.953

N.S.

N.S.

.764

.572

.615

.572

.918

N.S.

.._,,,,

rrrrrrrrr r i i tilr irr rr



CHAPTER IV

DISCUSSION

The results of this study indicate that: 1) there is a

significant difference between female smokers and nonsmokers

on measures of signal-to-noise ratio (SNR), regardless of

the use of maximum or minimum cycle length; 2) there is no

significant difference between female smokers and nonsmokers

on measures of jitter; 3) there is no significant

difference between female smokers and nonsmokers on measures

of shimmer and, 4) there is a significant difference between

female smokers and nonsmokers on measures of mean and

maximum speaking fundamental frequency (F0), and no

significant difference on minimum speaking fundamental

frequency.

Group differences on SNR based upon maximum (SNRMAX) and

minimum (SNRMIN) cycle lengths

The measures of SNRMAX and SNRMIN were found to be

significantly lower in the smokers' voices as compared to

the voices of nonsmokers. Yumoto et. al (1982) reported

that an SNR of greater than 7.4 dB can be regarded as

normal. All of the subjects in this study, regardless of

group membership, fell above the 7.4 dB ceiling reported by

28
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Yumoto et al. (1982). The SNR values observed in this study

are consistent with Eskenazi et. al (1990) who also found

that the majority of subjects with normal voices have an SNR

greater than 7.4 dB. The fact that both groups may have

produced "normal" SNR values and yet were decisively

separated into two distinct groups indicates that measures

of SNR are capable of detecting subtle vocal differences

that may not be identified by other techniques of objective

vocal analysis. In addition, these findings suggest that:

1) smoking may effect the characteristics of the voice

before "actual laryngeal pathologies" (Colton and Casper,

1990) are present, and 2) the SNR may be able to identify

the acoustic consequences of these tissue changes. Although

laryngeal exams were not conducted on the subjects in the

present study, Burch (1976) and Colton and Casper (1990)

have commented on the changes which often occur in the

larynges of smokers, such as irritated mucosa or upper

respiratory tract ailments. These changes, if present, may

be the source of the significantly decreased SNR values

observed in this study for the smoking group.

The SNR calculated using the maximum cycle length was

found to be significantly lower than the SNR calculated

using the minimum cycle length in both the nonsmoking and

smoking groups, yet highly correlated (nonsmokers: r =.940;

smokers: r = .976; p < .001, in both cases). This

difference in SNR values between the two methods is readily
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observed in the VAS (Awan and Frenkel, 1991) program, and

easily explained. When the minimum cycle length in the

entire 50-cycle phonation is identified, any portion of a

cycle exceeding that length is ignored during analysis. All

cycles now have the same wave length (i.e. the same number

of data points) and thus, when averaged, the averaged cycle

more closely approximates each individual cycle. Since the

noise component of the signal is computed by subtracting the

mean cycles from each component, the resultant noise is less

than the case in which cycle length varies. This is the

situation when maximum cycle length is used. The variation

in cycle length most probably accounts for the lower SNRs

derived. Awan (personal communication) has observed that, in

instances in which the signal has an SNR > 0 dB, the minimum

cycle length is often the more accurate method by which SNR

may be calculated and, therefore, may be the more valid

method of the two SNR measures reported in this study. In

contrast, the maximum cycle length has been observed to

provide greater accuracy in signals with SNRs < 0 dB (Awan,

personal communication). It should be stressed that the

SNRMAX and SNRMIN values for the nonsmoking and the smoking

groups were observed to be significantly different,

regardless of which method was used in calculation. This

difference, along with the strong correlation between SNRMAX

and SNRMIN suggests that although the two methods may

produce different numbers, both measurements of SNR are
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capable of determining group differences and both methods

vary in a similar manner. When using the SNR, it should be

clearly noted which method of calculation was used to allow

for accurate comparisons between groups, individuals, and

repeated measures on an individual.

Group differences on measures of jitter and shimmer

Group means for both jitter and shimmer were found to

be within the range of normal and nonsignificantly

different. The jitter measures obtained were consistent

with Takahashi and Koike (1975) who reported that jitter

values of .0061 ms (RAP) or less can be considered normal.

The shimmer values observed in the present study were

slightly higher than the .33 dB reported as normal by

Sorensen and Horii (1983). This difference may be due to

methodological variations between the present study and that

of Sorensen and Horii (1983).

No significant correlations were found between jitter

or shimmer and the measures of SNR in the smoking group.

Jitter was not significantly correlated with either of the

SNR measures in the nonsmoking group. However, shimmer was

found to have a "moderate to maximum" (Ventri and

Schiavetti, 1980) inverse correlation with both SNRMAX and

SNRMIN in the nonsmoking group (See Table 4). This

suggests that shimmer may have a greater influence than

jitter on the presence of noise in the voices of nonsmokers.
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It would appear that a major component of noise in the

voice is a complex interaction of period and amplitude

perturbation. Since SNR accounts for this complex

interaction, this method may be capable of identifying

changes in the voice that jitter or shimmer analysis cannot.

Group differences on measures of speaking Fs

The nonsmoking and smoking groups were observed to be

significantly different on measures of mean (224.2 Hz vs.

203.7 Hz) and maximum (300.1 Hz vs. 248.3 Hz) F0. The same

trend was observed for the minimum speaking Fs, although

the difference was nonsignificant (171.8 Hz vs. 164.1 Hz).

The nonsmoking group was found to have a significantly

increased speaking F0 range as compared to the smoking

group (128.3 Hz vs. 84.2 Hz ; 9.7 semitones vs. 7.1

semitones). These findings are generally consistent with

several other studies which have documented the decrease in

speaking F0 as a result of smoking (Gilbert and Weismer,

1974; Sorensen and Horii, 1982; and Murphy and Doyle, 1987).

The mean Fs and the range of Fos observed across all the

nonsmoking subjects were similar to those reported by

Stoicheff (1981) for the corresponding age group. In

addition, all speaking F0 measures were comparable to the

Fos reported in previous studies (Kelley, 1977; Awan, 1991),

and were considered to be within the range of normal for

both the nonsmoking and smoking groups.
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The significantly decreased mean and maximum speaking

Fos and the speaking F0 range in the smoking group may be

attributable to tissue changes in the larynx such as a

thickening of the vocal folds and connective tissue which

have previously been observed in the larynges of smokers

(Gilbert and Weismer, 1974). The decrease in F speaking

range in this present study is to be expected as the smokers

exhibited a decrease in maximum Fos. It would appear,

therefore, that a thickening of the vocal folds, if present,

may be attributable to smoking and may cause a reduction in

the middle and higher speaking frequencies.

The effect of age, years smoked and amount smoked on

investigated measures

Auerbach et al. (1970) reported that abnormal

epithelial changes increased in proportion to the number of

cigarettes smoked per day. If epithelial changes did occur

in the more experienced smokers, these epithelial changes

did not have a predictable effect on the vocal

characteristics. No significant relationships were observed

between the number of cigarettes smoked per day or the

number of cigarettes smoked in a lifetime, and the various

measures of vocal characteristics obtained for the smoking

group.
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Implications for future study

Previous studies have shown that the SNR is able to

accurately distinguish between subjects with normal voices

and those with distinct vocal pathologies (Yumoto et al.,

1982; Eskenazi et al., 1990). The present study has

demonstrated that the SNR can also be used to distinguish

between groups in which the vocal differences are subtle.

It is the investigator's opinion that all of the subjects in

the present study, regardless of smoking habits, would be

perceived by the average listener as having normal voices.

The fact SNR was able to identify subtle differences between

the nonsmoking and smoking groups suggests that the SNR is a

powerful tool which may be used to objectively identify mild

voice problems as well as moderate or severe voice,

disorders. Although Yumoto et al. (1982) stated that the

SNR may not be applicable in cases of extremely severe

hoarseness, Awan (1991) has observed the VAS (Awan and

Frenkel, 1991) program to be accurate in SNR analysis with

signals of < -15 dB.

More research is necessary so that the SNR and the

vocal characteristics it measures may be better defined.

In addition, Karnell (1991) reported that more than 50

cycles may be necessary to accurately measure jitter and

shimmer. This is in contrast to previous studies which have

reported jitter and shimmer measures gained from analyzing

50 cycles (Yumoto et al., 1982; Yumoto, 1983; Yumoto et al.
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1984; and Eskenazi et al. 1990). Standard methodology for

computing SNR, jitter, and shimmer needs to be established

and disseminated to various voice professionals.

The current study has shown that the SNR, as well as

other objective measures of voice (i.e., FO measures ) to be

effective in distinguishing between smoking and nonsmoking

groups. It would appear that smoking may have an impact on

the voice before distinct laryngeal pathologies are present.

The effects of smoking should be further investigated to

attempt to define exactly what vocal characteristics are

influenced and if the effects of smoking are emphasized by

other environmental and behavioral factors. Acoustic

analyses of the voice should be combined with laryngeal

examinations to provide insight as to the changes in the

larynx caused by long-term smoking and what effect these

changes have on vocal characteristics. The present study

should also be extended to include both males and females of

various ages.
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SUBJECT QUESTIONNAIRE
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Subject Questionnaire

Name: Height:

Age: Weight:

Phone Number:

1. Do you currently smoke?

If so, how much per day?

If not, have you ever smoked?

If so, how much per day and when did you quit?

2. Do have any history of vocal trauma?

If so, please specify.

3. Do you have any type of hearing loss?

4. Do you have any chronic respiratory problems such as

asthma or bronchitis?

5. Do you currently have allergic rhinitis? Sinusitis?

Middle ear infection?
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If so, what types of medication are you taking,

including antibiotics, decongestants, and

antihistamines?

If not, are you prone to these types of conditions or

infections?

When did you last have one of these conditions or

infections?

6. Do you currently take birth control pills?

If so, how long have you taken them?

If not, have you ever taken them?

How long did you take them?

When did you quit taking them?

7. Do you currently have any hormonal problems which

require you to take hormone injections or oral hormone

replacement therapy?

If so, please specify.

If not, have you ever taken such medication?

8. Do you currently take any type of fertility inducing

drugs?

If not, have you ever taken any type of fertility drug?

9. Are you currently experiencing any menopausal symptoms?
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10. Are you currently taking any blood pressure medication?

If so, what type and how much do you take?

How long have you taken it?

If not, have you ever taken this type of medication?

If so, when did you stop taking it?

11. Are you currently taking diuretics?

If so, what medication are you taking and how much?

If not, have you ever taken this type of medication?

12. Do you currently or have you ever worked in an

environment in which you were exposed to chemical

agents of industrial smoke? (i.e. factory,

pharmaceutical lab, etc.)

If so, please specify.

13. Do you drink alcoholic beverages of any type?

If so, please specify what type, how often, and

how much you consume.

14. Do you drink coffee, tea, and/or soft drinks?

If so, please specify what type, how often and how

much you consume.

Are the drinks you consume caffeinated of

decaffeinated?



40

15. Are you currently using any illicit drugs, including

marijuana?

If so, what drugs do you use and how often do you

use them?

If not, have you ever used illicit drugs?

If so, what did you use and when did you

quit?

16. Do you have any other conditions which might have an

impact on your ability to perform as a subject in this

study?



APPENDIX B

COMPLETE CORRELATION MATRICES FOR

THE NONSMOKING GROUP AND

THE SMOKING GROUP
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