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Abstract

Objectives—The relationship between the silence and voicing accumulations of primary school 

teachers and the teachers’ clinical status was examined. The goal was to determine whether more 

voicing accumulations and fewer silence accumulations were measured for the vocally unhealthy 

subjects than for the healthy subjects, which would imply more vocal loading and fewer short-term 

recovery moments.

Methods—26 Italian primary school teachers were allocated by clinicians to three groups: (1) 

with organic voice disorders, (2) with subjectively mild organic alteration and/or functional voice 

symptoms, and (3) normal voice quality and physiology. Continuous silence and voicing periods 

were measured with the APM3200 during the teachers’ 4-hour workdays. The accumulations were 

grouped into 7 time intervals, ranging from 0.03–0.9 s to 3.16–10 s, according to Italian prosody. 

The effects of group on silence and voicing accumulations were evaluated.

Results—Regarding silence accumulations, Group 1 accumulated higher values in intervals 

between 0.1 and 3.15 s than other groups, while Groups 2 and 3 did not differ from each other. 

Voicing accumulations between 0.17 and 3.15 s were higher for subjects with a structural disorder. 

A higher time dose was accumulated by these subjects (40.6%) than other subjects (Group 2, 

31.9%; Group 3, 32.3%).

Conclusions—While previous research has suggested that a rest period of a few seconds may 

produce some vocal fatigue recovery, these results indicate that periods shorter than 3.16 s may not 

have an observable effect on recovery. The results provide insight into how vocal fatigue and vocal 

recovery may relate to voice disorders in occupational voice users.
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I. INTRODUCTION

Voice disorders can be defined as conditions involving a variety of pathological symptoms 

that range from a mild disturbance of voice quality to complete loss of the ability to produce 

a laryngeal voice.1 Such disorders are regularly experienced by occupational voice users 

because of the demands placed on the voice. Internationally, teachers comprise one of the 

occupational categories most affected by voice disorders.2–9 In Italy, Angelillo et al.7 found 

that 60.1% of 504 teachers reported suffering from voice problems, while, in Brazil and 

Spain, studies employing laryngoscopic examinations reported high rates of prevalence in 

teachers (9.7% and 13%, respectively).8–9 Despite the international prevalence of these 

problems, the occupational health and safety protocols for individuals in these professions 

are poorly developed.10

The overuse of the voice by professional voice users is known to cause physiological vocal 

fatigue.11–12 The vocal load of teachers,13–14 which can be quantified as the amount of 

voicing performed by speakers over time, has been characterized in the context of several 

time dose studies, where time dose (Dt) refers to the time the vocal folds spend vibrating. 

Masuda et al.15 measured a mean phonation time of 21.5% for elementary teachers and 

patients with vocal fold nodules over 8 h of work, while Bottalico and Astolfi16 found a 

mean voicing time percentage of 26% for primary school female teachers over a 4 h work 

period. With regard to recovery, Hunter and Titze12 characterized a complete long-term 

recovery time on the basis of perceptual ratings on a 12 to 18 h period after a 2 h oral 

reading. The minimum silence period for tissues to experience any degree of short-term 

recovery has not yet been established.

In their study of vocal load and recovery, Titze et al.17 investigated the distributions of 

silence and voicing periods in a typical teacher’s workday using an accelerometer that was 

placed at the base of the subject’s neck. From these data, the accumulation of each period 

was then obtained, in seconds, by multiplying the number of occurrences by the 

corresponding duration. The occurrences and the accumulations of silence and voicing 

periods were grouped into bin durations of half a decade of logarithmic time, according to 

English prosodic units and the results showed that the greatest accumulation of voicing 

periods at work occurred in the 0.316–1.0 s range, and the greatest accumulation of silence, 

in the 3.16–10 s range. In their study, the authors compared the vocal behavior of teachers 

at-work and not at–work and argued that at-work vocal fatigue might be related to the 

greatest accumulation of voicing periods, while the greatest accumulation of silence periods 

could be related to short-term vocal recovery.18–19

The question of how silence and voicing accumulations may differ between people with and 

without voice disorders is an open field of research. Many studies have supported the claim 

that respiratory behavior differs between people with and without voice disorders. Some of 

these studies have also investigated the differences in the speaking rate between subjects 

with normal and disordered voices but no definite conclusions have been drawn.

There is evidence that normal and disordered voices differ in glottal airflow and vibration 

patterns. According to Gordon et al.,20 glottal vibration pattern irregularities or incomplete 
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closure of the glottis, which can lead to higher glottal airflow, are often present in subjects 

with voice disorders. Hyperfunctional voice production, in particular, has been characterized 

by disrupted inspiratory and expiratory cycles of tidal volume breathing and decreased 

phonation durations. Both women and children with vocal fold nodules have been observed 

to speak with higher glottal airflow than female and child talkers with normal voice 

production.21 Sapienza et al.22 found that alternating glottal airflow, defined as the amount 

of airflow from the maximum peak to the minimum valley of the glottal airflow waveform, 

was significantly higher for the disordered group than the normal voice group. In a 

subsequent study, Sapienza et al.23 demonstrated that both the glottal airflow and the volume 

of air expended per syllable and per utterance during reading tasks were greater for 10 

female talkers with vocal nodules than for 10 age, weight and height matched controls. In 

both studies conducted by Sapienza and colleagues,22–23 it was hypothesized that the speech 

breathing patterns associated with disordered speakers reflected a compensatory strategy to 

maintain a constant subglottal pressure despite the loss of airflow during voicing.

Subjects with vocal fold nodules may have shorter periods of inhalation than healthy 

subjects. Iwarsson and Sundberg24 found that six female subjects with nodules had shorter 

durations of inhalations than 14 healthy controls.

There is some evidence for the claim that talkers with dysphonia have longer voicing periods 

than healthy subjects. Masuda et al.15 demonstrated than talkers with vocal fold nodules 

have longer phonation times. Watts and Awan25 measured vocalization time as the duration 

from vocal onset to vocal offset across two speech segments, each consisting of four 

syllables extracted from readings of CAPE-V sentences. They found that dysphonic 

speakers’ productions were associated with longer vocalization periods than non-dysphonic 

(normal) speakers.

In the present study, silence and voicing accumulations were measured in primary school 

teachers during the workday and were related to the clinicians’ evaluation of the subjects. 

The primary aim of the work is to identify and characterize the differences in the silence and 

voicing accumulations of teachers with and without structural voice disorders. The intention 

is to improve the understanding of the differences in speech behavior between unhealthy and 

healthy teachers, and in particular, the understanding of the distribution of unhealthy 

teachers’ silence periods, which relate to short-term recovery, and the understanding of what 

constitutes an unhealthy occupational dose of voicing. It was predicted in the present study 

that, during the workday, teachers with structural voice disorders would show (1) higher 

silence accumulations in shorter bins and lower silence accumulations in longer bins than 

teachers without such disorders, and (2) higher voicing accumulations than teachers without 

such disorders.

II. EXPERIMENTAL METHOD

The case studies concern 26 teachers at 7 primary schools in Italy: 14 teachers in 4 schools 

in Turin, which were built at the end of the nineteenth century, and 12 teachers in 3 schools 

in Beinasco, which were built in the 1970s. The subjects voluntarily undertook both the 

monitoring during lessons and the medical examinations. All subjects were native Italian 
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speakers and traditional teachers (who teach classes of 20 to 30 pupils), with a mean age of 

44.7 years (range 31–59). Teachers were monitored over 1 or 2 workdays. In Italy a 

teacher‘s active teaching workday is 4 h long (continuous). The pupils’ ages ranged between 

6 and 11 years. A total of 43 workday samples were collected and all samples were included 

in the analyses. Table I reports the gender and age of the teachers and the number of 

monitored workdays. Special aid teachers were excluded from the study because their vocal 

load per day is substantially different from traditional teachers.

The acoustic conditions in the classrooms covered a wide range of reverberation times; the 

average values of mid-frequency reverberation time ranged between 0.6 s to 1.5 s in 

occupied conditions. The average background noise level, which did not differ significantly 

among the classrooms, was 50.6 dB(A). Acoustic conditions in the classrooms during 

phonation are reported by Bottalico and Astolfi.16

A. Clinical examinations

The teachers underwent clinical examinations, which were performed by a team of 

logopedists and phoniatricians, as described by Astolfi et al.26 and Vallino.27 The 

examinations consisted of (1) a self-report of voice use, (2) a medical history (anamnesis), 

(3) an objective logopedic evaluation, and (4) a vocal health examination, which included 

instrumental examinations and videolaryngostroboscopy (VLS).

The self-evaluation survey used was the Voice Handicap Index; specifically the VHI-10. 

This is a validated instrument designed to assess patients’ self-perceived emotional, 

physical, and functional effects relative to their voice dysfunction. The medical history was 

obtained following the indication of Accordi and Tesserin.28 It consists of (1) anamnesis of 

family (genetic predisposition), (2) physiologic anamnesis (social and professional behavior 

related to the voice use), (3) past or remote pathologic anamnesis (allergies and 

inflammation of the airways, lung diseases, gastrointestinal diseases, a record of surgery 

with consequences for phonation, medicine consumption with collateral effects on 

phonation, neurological diseases), (4) recent pathological anamnesis including subjective 

sensations about phonation and recorder at vocal apparatus level. The objective logopedic 

evaluation was obtained following the indication of Vernero et al.29 It consists of (1) 

evaluation of the anatomical structures involved in resonance (nose, lips, tongue, tonsils, 

etc.), (2) evaluation of respiration (evaluation of diaphragmatic-abdominal breathing, costal-

diaphragmatic breathing, sternocostal breathing and clavicular breathing), (3) muscles tone 

evaluation (face-neck and thorax-abdomen), (4) perceptual evaluation of the voice by means 

of the GIRBAS Scale.

After medical examination, the logopedists and phoniatricians, who had clinical expertise 

(particularly with respect to diagnosis), evaluated the severity of the disorder, or the 

likelihood of the subject developing a disorder. Subsequently, the team of clinicians assigned 

subjects to the following groups: (1) 4 subjects (15.4%) with organic voice disorders that 

were detected both subjectively and objectively, with indications for therapy and speech 

treatment; (2) 11 subjects (42.3%) with subjectively mild organic alteration and/or 

functional voice symptoms, with indications for the provision of vocal hygiene information 

and preventative speech treatment; and (3) 11 subjects (42.3%) with normal voice quality 
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and physiology. Approximately 42% of the examined subjects showed no sign of voice 

disorders, while 58% presented with voice disorders. These proportions are similar to those 

reported by Angelillo et al.7

As far as the objective evaluation of the vocal folds and larynx by means of VLS was 

concerned, 15 subjects were normally functioning (“normal physiology”), 4 presented 

different types of muscle hypercontraction (detected during the VLS), 2 presented with 

hyperemia (inflammation), 1, hypotonia, and 4 subjects presented with nodules and/or cysts. 

Two of the subjects in the third group presented with a form of hypercontraction; however, it 

was a mild hypercontraction of extra laryngeal muscle. No other anomalies were detected 

during other parts of the examination (perceptual evaluation of the voice by means of the 

GIRBAS Scale, evaluation of the anatomical structures involved in the resonance, evaluation 

of the respiration, muscle tone evaluation, etc.). For this reason, the clinicians assigned these 

teachers to the third group. Subjects were asked to report whether they had a hearing 

disorder; however, no hearing tests were performed. Subjects were representative of the 

general teaching population, according to the percentage of Italian teachers suffering from 

voice problems.7

Some characteristics of the investigated teachers (gender, age, number of monitored 

workdays, subject taught, self-reported hearing status), objective evaluation of the vocal 

folds and larynx by means of VLS and the subdivision into groups proposed by the 

clinicians are reported per subject in Table I.

B. Measurements of silence and voicing accumulations

Each teacher was supplied with the Ambulatory Phonation Monitor (APM, model 3200, 

KayPENTAX®, Montvale, NJ). This device consists of an accelerometer, which was 

positioned below the talker’s glottis at the sternal notch, and an acquisition unit that 

processed the accelerometer signal. The APM 3200 provided a time-history with a frame 

length of 50 ms. This time-history comprised the fundamental frequency, fo, and an 

estimation of the sound pressure level, SPL, at a distance of 15 cm on-axis from the 

speaker’s mouth, obtained after a calibration. The calibration was carried out by means of a 

reference microphone in order to correlate the skin acceleration level with the SPL.

Of the information provided by the device, only the detection of the presence or absence of 

voice excitation is of interest for the present study. Voiced and unvoiced frames were 

discriminated by the APM. When the RMS level acquired by the transducer exceeded a 

preset threshold, the frame was designated as voiced, and for that frame, fo and SPL were 

determined.30 Otherwise, the output result was equal to 0. The level acquired by the 

transducer was not affected by environmental noise. Silence and voicing accumulations, as 

defined in Sec. I, were derived from the time-histories provided by the APM.

The occurrences of continuous silence and voicing periods from 0.05 s to 10 s with a step of 

50 ms were obtained from APM time histories. Subsequently, the accumulations for each 

time step were calculated by multiplying the occurrences by the corresponding step duration 

and divided by the total time of the monitoring. In this way, the accumulation values are 
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reported in seconds per hour, compensating for eventual differences in monitoring time 

among teachers.

The accumulation values were grouped into bins according to Italian prosodic units,31–32–33 

as reported in Table II. Seven bins were used for the accumulations as follows: (Bin 1) 0.03–

0.9 s long (silence and voicing periods below and up to the phonemic or segmental level); 

(Bin 2) 0.1–0.16 s long (at the level of unstressed syllables); (Bin 3) 0.17–0.33 s long (at the 

level of stressed syllables); (Bin 4) 0.34–0.66 s long (s at the word level); (Bin 5) 0.67–1.31 

s long (at the non-terminal unit level); (Bin 6) 1.32 –3.15 s long (at the short tone unit level); 

(Bin 7) 3.16 – 10 s long (at the long tone unit level). Examples can be found elsewhere.33

In addition, in order to better compare the results of the current study with Titze et al.,17 a 

secondary analysis of the data was conducted in which the silence and voicing 

accumulations were allocated to bins in agreement with the bin widths specified by Titze et 
al.17 Specifically, the 6 bins used were as follows: (1) silence and voicing periods below and 

up to the phonemic segmental level (0.0316–0.10) s; (2) silence and voicing periods at the 

phonemic and syllabic level (0.10–0.316) s; (3) silence and voicing periods at the word and 

sentence level (0.316–1.0) s; (4) all-voiced sentences and pauses between sentences (1.0–

3.16) s; (5) sustained phonations and pauses between sentences (3.16–10) s; (6) rare long 

phonations and silences in a dialogue (10–31.6) s. The longest bins were not considered 

because there were no accumulations in those bins by the subjects of the present study.

C. Statistical procedures

Statistical analysis was conducted in R 3.1.2.34 For both types of accumulation, non-linear 

(polynomial) multiple regression models were fitted with Bins as the polynomial term and 

with subject as a random effect. For the silence accumulations, the model was fit with the 

response variable of silence accumulations and a 3rd order polynomial term for Bins. For the 

voicing accumulations, the model was fit with a 2nd order polynomial term, Bins, in an 

interaction with the term, Group, and the main effect, Group. Bins were treated as a 

continuous variable for the purposes of readily interpretable models. Before fitting the final 

models, the main effect of Group on silence or voicing accumulations was tested in 

univariate regression models. In the case of the silence accumulations, the main effect of 

Group was associated with a p value > 0.1, so was excluded from the final model. In the case 

of the voicing accumulations, the main effect of Group was associated with a p value < 0.1, 

so was included in the final model.

The final models were determined to be appropriate on the basis of parameter distribution 

estimations, data visualization, Likelihood Ratio Tests (LRTs) and the R-squared (an 

assessment of the goodness of fit). To evaluate the significance of a term (a predictor 

variable in this case), models were fit with and without the term, and a LRT was applied to 

the full and reduced models. The test is based on the likelihood ratio, which expresses how 

many times more likely the data are under one model than the other; if the difference is 

significant, the model with more terms is preferred over the model with fewer terms. In this 

paper, the reported output of the LRT comprises a Chi-square value, X2, and p values 

calculated from the X2 distribution with degrees of freedom (df) equal to the difference in 

the number of parameters in the models being compared.

Bottalico et al. Page 6

J Voice. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The concept of Normalized Error35 was adopted for the analysis of compatibility between 

two sets of data, those reported in the present study, and those reported by Titze et al.,17 

which were obtained in different conditions, where no value(s) could be taken as the 

reference value(s). This test is used to determine whether the difference in the compared 

models is due to an effective difference between the evaluated phenomena or to systematic 

effects, rather than to random effects. The Normalized Error, EN, is calculated as the ratio 

between the absolute value of the difference between the two samples mean and the relative 

expanded uncertainty of the difference,36 according to the following formula:

(2)

where m1 and m2 represent the average values of the two samples, s1 and s2 represent the 

standard deviations of the two samples and k is the coverage factor, calculated as the 

Student-t value for a conventional risk of error α of 5% and a number of degrees of freedom 

corresponding to n−2, where n is the number of samples used. This analysis can be 

considered a particular kind of hypothesis test. If the EN value is higher than unity, the 

difference between the two sample means, m1 and m2, is higher than its uncertainty. 

Therefore, the difference is not merely due to random effects and the two results can be 

considered incompatible. Alternatively, if EN is lower than unity, the difference could be due 

to random effects and there is no reason to reject the hypothesis of compatibility. Values 

lower than unity do not mean that real differences or systematic effects are not present, but 

rather that random effects cover their presence.

III. RESULTS AND DISCUSSION

A. Silence and voicing accumulations during the workday

Figure 1 shows the average values of silence and voicing accumulations in seconds per hour 

(s/h) for each bin for the 26 subjects over the 43 workdays. Collectively, the data in Figure 1 

represent 164.0 h of measurement. An average of 3.81 h per workday was measured, during 

which time the subjects were teaching pupils in a classroom. The average silence 

accumulation values were 47.0 s/h (Bin 1), 129.2 s/h (Bin 2), 62.5 s/h (Bin 3), 113.6 s/h (Bin 

4), 184.0 s/h (Bin 5), 394.0 s/h (Bin 6) and 724.2 s/h (Bin 7). The peak of the silence 

distribution was in Bin 7 (3.16–10) s, which corresponds to silence periods at the long tone 

unit level. Average voicing accumulations were 30.9 s/h (Bin 1), 112.0 s/h (Bin 2), 182.4 s/h 

(Bin 3), 295.9 s/h (Bin 4), 162.9 s/h (Bin 5), 31.7 s/h (Bin 6) and 2.5 s/h (Bin 7). The 

greatest accumulation of voicing was found for Bin 4 (0.34–0.66) s, i.e., the word level.

The results of the current study were compared to those of Titze et al.17 Figures 2 and 3 

present a comparison of the silence and the voicing accumulation values obtained by Titze et 
al.17 and the results obtained in the present study. Titze et al.17 found that the peak of the 

silence distribution was in Bins 5–6. The 3.16–31.6 s silence periods in Bins 5 and 6, which 

are typical of dialogue turn taking, were associated the greatest amount of accumulated 

vocal rest. The greatest accumulation of voicing at work time (45 s/h) was found for the 

Bottalico et al. Page 7

J Voice. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



word and sentence level, i.e., Bin 3 (0.316–1.0) s. In Figures 2 and 3, the accumulations 

obtained in the current study are reported in seconds per hour on a logarithmic scale and the 

bin widths are identical to those of Titze et al.17 In order to test the compatibility between 

the two studies, the Normalized Error values pertaining to the silence and voicing 

accumulations per Bin were calculated. All values were lower than one. In other words, the 

difference could be due to random effects and there is no reason to reject the hypothesis of 

compatibility. In sum, although their subjects taught a wider range of grades (from K to 12th 

grade), which may involve different noise levels in the classroom, the results of Titze et al.17 

are compatible with those of the present study.

B. Silence and voicing time percentages

On the basis of the accumulation distributions, the average percentage of the total 

monitoring time that the subjects spent in each bin was calculated for silence and voicing. 

With regard to silence periods, they spent 1.9% of the total time in Bin 1 (below and up to 

the phonemic segmental level), 5.2% in Bin 2 (unstressed syllable level), 2.5% in Bin 3 

(stressed syllable level), 4.6% in Bin 4 (word level), 7.4% in Bin 5 (non-terminal unit level), 

15.9% in Bin 6 (tone unit level) and 29.3% in Bin 7 (long tone unit level). With regard to 

voicing periods, they spent 1.2% of the total time in Bin 1, 4.5% in Bin 2, 7.4% in Bin 3, 

12.0% in Bin 4, 6.6% in Bin 5, 1.3% in Bin 6 and 0.1% in Bin 7.

The trends in the accumulations are comparable with the findings for Swedish speakers of 

Löfqvist and Mandersson.37 They measured a silence percentage of 15% for unvoiced 

segments, which is almost identical to the 14.2% measured in the present study (considering 

the first 4 bins, up to the word level). Löfqvist and Mandersson37 found that in read 

monologues the voicing percentage was approximately 50%, and the silence percentage was 

35% for boundary pauses. In the present analysis, the speech samples were not monologues 

but a mixture of monologue and dialogue. Consequently, the voicing percentage was lower 

(33.1%), with a higher percentage of boundary pauses (52.7%) due to the dialogue 

component. Boundary pauses were associated with Bins 5, 6 and 7, i.e., periods longer than 

the word level.

The voicing percentage reported in the present study (33.1%) is similar to those obtained by 

Hunter and Titze,38 in whose study 57 teachers were monitored over 2 weeks. The authors 

found that teachers vocalized for 29.9% of the occupational time, on average.

C. Effect of clinical status on accumulations

The effect of group on silence and voicing accumulations is shown in Figures 4 and 5, 

respectively. With regard to the polynomial regression model for silence accumulations, 

there was a significant interaction of Group and 3rd order polynomial term Bins (X2(9) = 

716.17, p < 0.0001; when compared with the null model). The R-squared was equal to 0.93. 

Group 1 tended to be associated with higher values in all Bins except Bin 7. In the case of 

Bin 7 (involving periods of ≥ 3.16 s), there were lower values for Group 1 than for Groups 2 

and 3.

With regard to the polynomial regression model for voicing accumulations, there was a 

significant interaction of 2nd order polynomial term Bins, and Group (X2(4) = 15.01, p < 
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0.01; when compared with the same model but without the interaction), and a main effect of 

Group (X2(2) = 10.01, p < 0.01; when compared with a model without Group as a main 

effect). The model indicated that Group 1 was associated with significantly higher values 

than Groups 2 and 3 (Groups 1:2, β̂ = −52.21, SE = 17.66, t = −3.0, p < 0.01; Groups 1:3, β̂ 

= −56.11, SE = 17.59, t = −3.19, p < 0.01). The R-squared was equal to 0.65. Group 1 was 

associated with higher values especially in Bins 3 to 6.

The finding of higher silence accumulations for the subjects with structural disorders in 

Group 1, with the exception of the longest bin, may relate to the respiratory and laryngeal 

functioning of such subjects. The respiratory behavior of these subjects can be considered 

from two points of view: (1) as a cause of pathology because a tendency towards shallow 

and quick breathing has been associated with vocal fold nodules,24 apnea and muscle 

tension, and, anecdotally, patients with voice disorders often complain of breathlessness,23 

and (2) as an effect of pathology because dysfunction in vocal fold adduction due to nodules 

(incomplete closure) can result in higher glottal airflow during phonation.21–23

As mentioned, subjects with structural voice disorders (Group 1) were associated with 

higher voicing accumulations, especially in bins 3 to 6. The overall accumulation of Dt was 

higher in Group 1 than in other groups (Group 1, 40.2%; Group 2, 31.9%; Group 3, 32.3%). 

It can be argued on the basis of these results that teachers with structural voice disorders 

accumulate longer voicing periods than teachers without such disorders. This result is 

consistent with the findings of Watts and Awan25 for dysphonic vs. healthy speakers. Vocal 

abuse is generally regarded to be the main cause of vocal fold nodules. Hence, as discussed 

in Section I, the vocal behavior of persons with long phonation times could be considered a 

risk factor in vocal abuse.15

The present results indicate an increase of 54.9% in the voicing accumulations for Group 1 

(subjects with organic voice disorders) relative to Group 3 (normal voice quality and 

physiology), and an increase of 4.1% for Group 2 (subjectively mild organic alteration 

and/or functional voice symptoms) relative to Group 3.

Titze et al.17 recognized that it is necessary to determine what rest period duration has a 

profound effect on vocal fatigue recovery. In the present study, as far as rest periods < 3.16 s 

were concerned, subjects with structural voice disorders tended to display higher overall 

silence accumulations than others. The silence accumulations reported in this paper 

represent the accumulation of vocal rest during the workday. Hence, the results of this study 

indicate that rest periods shorter than 3.16 s may not have an observable effect on vocal 

fatigue recovery. With regard to rest periods ≥ 3.16 s, subjects with structural voice disorders 

showed lower silence accumulations than subjects without such disorders. In this case, lower 

silence accumulations could indicate an inadequate redistribution of fluids in the vocal fold 

tissue.19 It is feasible that this result may indicate an inadequate recovery time, which could 

lead to pathology.
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IV. CONCLUSIONS

The primary aim of this study was to identify and characterize the differences among the 

distributions of silence and voicing periods during the workday for 26 primary school 

teachers with and without structural voice disorders. Durations of continuous voicing and 

silence periods were calculated in 50 ms frames and assigned to bins grouped according to 

Italian prosodic units. Silence and voicing accumulations were calculated as a product of the 

occurrence (statistical frequency) and these periods. The teachers underwent a thorough 

clinical examination and were assigned to three groups: (1) subjects with organic voice 

disorders that were detected both subjectively and objectively; (2) with subjectively mild 

organic alteration and/or functional voice symptoms; and (3) subjects with normal voice 

quality and physiology. The effect of group on the silence and voicing accumulations was 

evaluated.

The highest peak of voicing occurred at 0.316 – 1 s (word and phrase boundary level, on the 

analysis of Titze et al., 2007) and of silence, at 3 – 10 s (pause between sentences, again, on 

the analysis of Titze et al., 2007). Subjects with moderate voice disorders were associated 

with higher silence accumulations in the central bins, and lower silence accumulations in the 

longest bin, and higher voicing accumulations, especially in the central bins, than subjects 

without such disorders, consistent with the predictions discussed in Section I. While 

previous research has suggested that a rest period of a few seconds may cause some recovery 

from vocal fatigue, these results indicate that periods shorter than 3.16 s may not have an 

observable effect on recovery time, which phenomenon could lead to pathology.

A relationship was observed between clinical status and Dt. Higher Dt was accumulated by 

subjects with moderate voice disorders (40.6%) than other subjects (Group 2, 31.9%; Group 

3, 32.3%).

The limitations of this paper include an imbalance in the sample sizes for the three groups, 

which was due to the voluntary nature of participation in the study and the fact that the 

clinical examination was conducted after subject selection and monitoring. Nevertheless, the 

proportions of subjects in the three groups in this study are likely to be representative of the 

proportions in the population.7–8–9 In future work, clinical evaluation will be conducted 

prior to subject selection.
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FIG. 1. 
Ensemble averages over 42 workdays of silence (in grey) and voicing (in white) 

accumulations per bin in seconds per hour with the standard error (SE) shown. The x-axis is 

bins corresponding to Italian prosodic units. The y-axis is accumulations in seconds per hour 

on a logarithmic scale.
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FIG. 2. 
Barplots comparing the silence accumulation results of the present study (in white) with 

those reported by Titze et al.17 (in grey). The x-axis is accumulations assigned to logarithmic 

bins widths as specified by Titze et al.17 The y-axis is silence accumulations in seconds per 

hour on a logarithmic scale, with SD shown by error bars.

Bottalico et al. Page 14

J Voice. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIG. 3. 
Barplots comparing the voicing accumulation results of the present study (in white) with 

those reported by Titze et al.17 (in grey). The x-axis is accumulations assigned to logarithmic 

bins widths as specified by Titze et al.17 The y-axis is silence accumulations in seconds per 

hour on a logarithmic scale, with SD shown by error bars.
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FIG. 4. 
Mean silence accumulations per group (Group 1 in grey, Group 2 in white, Group 3 in black) 

in seconds per hour with SD indicated by error bars. Group 1 consists of subjects with 

structural voice disorders, Group 2, subjects with subjectively or functionally reported 

symptoms, and Group 3, with normal physiology. The x-axis is bins corresponding to Italian 

prosodic units. The y-axis is silence accumulations in seconds per hour on a linear scale.
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FIG. 5. 
Mean voicing accumulations per group (Group 1 in grey, Group 2 in white, Group 3 in 

black) in seconds per hour with SD indicated by error bars. Group 1 is the group with 

structural voice disorders, group 2 comprises the subjects with reported symptoms, and 

group 3 is the group with normal physiology. The x-axis is bins corresponding to Italian 

prosodic units. The y-axis is voicing accumulations in seconds per hour on a linear scale.
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