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Phonatory-Aerodynamic Characteristics of Drama 
Students

Objective: Theater actors are considered as elite vocal performers whom quality of voice is of utmost importance. It was 
thought that speech breathing characteristics of theater actors were different compared with those of lay talkers. However, 
findings on this issue were generally based on studies conducted by the respiratory kinematics and muscular activity via using 
indirect air volume measures. These measures were by no means related with the respiratory– phonatory interaction. One 
of the objective methods that is used for evaluating voice quality is the phonatory-aerodynamic characteristics. Phonatory-
Aerodynamic System (PAS) primarily examines the respiratory–phonatory interaction. The aim of the present study was to 
search the phonatory-aerodynamic characteristics of drama students.

Materials and Methods: A total of 37 vocally healthy participants aged between 21 and 30 years were separated into 
two groups; the first group included drama students (n=19), and the second group comprised lay talkers (n=18). Phonatory-
aerodynamic evaluations were done via PENTAX Medical PAS Model6600.

Results: During the phonation of vowel [a], female and male drama students used greater percentage of vital capacity (VC) 
than public speaker couples. Similarly, findings indicated that female drama students used greater percentage of VC while 
producing syllables [papapapapa]. As for connected speech, female participants of both groups completed reading in similar 
durations, but they inspirated faster and they needed lesser number of inspirations.

Conclusion: It is concluded that the phonatory-aerodynamic characteristics of theater students are different compared with 
those of lay talkers predominantly for female participants. The present study’s results may serve clinicians’ basic objective 
data regarding the speech breathing characteristics of theater actors. 
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INTRODUCTION

Theater actors are considered as elite vocal performers, and they are defined as individuals whom slight deterio-
ration of voice quality may have fearful consequences. They use their voices as a basic instrument in doing their 
jobs, and they use their voices more frequently and differently compared with lay talkers (1). Talking for hours, 
yelling, screaming, and imitating voices are the most commonly reported vocal abuse/misuse behaviors during 
their rehearsals and stage performances (2). In addition, they frequently use loudness and pitch variabilities. While 
speaking with a loud voice, suddenly, they may turn to whispering, and in the same stage, they may mimic both 
male and female voices. In addition, to react to the exact emotional state while acting, they make intonation and 
emphasis changes by using pitch-altering mechanism. Moreover, these behaviors may be associated with physical 
movements. Therefore, the speech characteristics of theater players are supposed to be different compared with 
those of lay talkers.

Production of speech is based mainly on the formation of voice. Voice production needs a complex interaction 
among several systems. One of these is the interaction of the respiratory and phonatory systems (3). The respira-
tory system should provide relatively constant airflow through the glottis by getting over the subglottal pressure. 
The exhalation phase of respiration provides primarily force source used in phonation. Moreover, expiratory flow 
must organize suitable aerodynamic forces to allow different articulatory effects for different speech sounds (3).

According to Hixon (4), mechanical patterns within the speech breathing system show a great variation between the 
individuals when they prepare to initiate and sustain phonation. In addition, some studies proposed that patterns of 
breathing while using theatrical voice or singing voice may differ from the voice used for conversational speech (4, 5).

Aerodynamic characteristics include air volume, air pressure, and air flow. In the measurement of air volume, di-
rect and indirect methods are used. Indirect methods measure the relative change of dimensions in the abdomen 
and thoracic cage during respiration via respiratory magnetometer and respiratory inductance plethysmogra-
phy. The direct measurement of air volume is done by putting a mouth mask via spirometer or pneumotacho-
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graph (6). One of the tools involving a pneumotachograph is the 
Phonatory-Aerodynamic System (PAS). The PAS is a personal 
computer-based hard and software system that improves the clin-
ical understanding of phonatory behaviors by providing indirect 
phonatory information about the valving activity of the larynx. It 
does not only provide information about breathing but also pro-
vide information about the interaction of the phonatory–respira-
tory mechanisms. The interaction between aerodynamic and vo-
cal fold muscular forces generates the vocal fold vibration. Thus, 
as it is one of the main necessary components for phonation to 
occur, it is a must for voice clinicians to measure aerodynamic 
forces or stating more clearly the push and pull effect of the air 
flow and pressure (7).

The researches regarding theater actors’ breathing during speech 
are mainly respiratory kinematics and muscular activity by using in-
direct air volume measures (4, 8, 9). To the best of our knowledge, 
there is no any particular study searching the phonatory-aerody-
namic characteristics of theater actors. The aim of the present 
study was to search the phonatory-aerodynamic characteristics of 
drama students and to compare these with lay talkers. 

MATERIALS and METHODS

All study procedures were approved by the ethical committee of 
the University of Hacettepe (project no. GO 19/237).

Settings
The theater actors were enrolled into the study from the volun-
teer students of Hacettepe University Ankara State Conservatory 
Department of Drama. Healthy control participants (lay talkers) 
were enrolled from the volunteers selected from the relatives of pa-
tients treated in the Hacettepe University Hospital, Speech and Lan-
guage Therapy Unit. All the evaluation procedures were done in the 
Hacettepe University Hospital, Speech and Language Therapy Unit.

Participants
The participants of the study were separated into two groups; the 
first group consisted of drama students, and the second group con-
sisted of nonprofessional healthy speakers (lay talkers). The study 
group participants were composed of the drama students included 
in the previous study (10). All of the selected participants did not 
have a voice disorder history and any voice complaints at the day 
of the evaluation. In addition, upper respiratory tract infections or 
nasal allergies were screened on the day of the evaluation since it 
was an exclusion criteria for the study. Furthermore, participants 
with systematic or neurologic disease and hearing loss were ex-

cluded from the study. All the participants’ voices were listened by 
two experienced Speech and Language Pathologists (SLPs) and 
included in the study if they had audio-perceptually normal voice 
quality. In addition, participants with a voice handicap index-10 
(VHI-10) score <7 were included. The theater actors were third- 
and fourth-year students, they had acting lessons in their curricu-
lum, and they had been doing rehearsals and performing theater 
plays as part of their lessons. Theater players were excluded from 
the study if they had an abnormal result in the videolaryngostrobo-
scopic (VLS) examination. Since gender-dependent variables were 
reported for the phonatory-aerodynamic measurements (7, 11), 
female and male participants were compared separately.

Participant Demographics
A total of 37 participants were included in the study. The age of 
the participants were between 21 and 30 years. In group 1 (n=19), 
10 (52%) participants were female, and in group 2 (n=18), equal 
number of female participants comprised 55% of the whole group. 
The two groups were similar with regard to gender (p=0.858). 
The mean age±standard deviation (SD) was 23.94±3.404 years 
in group 1 and 23.42±1.610 years in group 2, and there was 
no significant difference between the groups with regard to age 
(p=0.685). In Table 1, female and male participants’ age values 
according to the groups were also presented. According to Table 
1, the age characteristics of male and female participants between 
the two groups were found to be similar. p-Values were equal to 
0.579 for female and 0.963 for male participants.

Evaluations
VHI-10 questionnaire
VHI-10 is a self-rating questionnaire that reflects the perception of 
a patient’s perceived voice handicap (12). The participants were 
asked to read sentences and rate them using a 5-point rating scale 
in which 0=never, 1=almost never, 2=sometimes, 3=almost al-
ways, and 4=always. This tool is used with the purpose of including 
vocally healthy participants.

Auditory-perceptual evaluation
The two experienced SLPs listened to the voice recordings of 
the participants while producing sustained phonation of [a] and 
CAPE-V/Turkish sentences (13). The CAPE-V/Turkish sentences 
were selected that have proven to be valid and reliable in the audi-
tory-perceptual evaluation. If one of the SLP thought that the par-
ticipant had dysphonia (even if mild), the participant was excluded 
from the study.

VLS examination
Since the theater actors are accepted as professional voice users 
and more prone to voice disorders, they had been examined by 
VLS. The KayPENTAX digital strobe (KayPENTAX, Lincoln Park, 
NJ, USA) was used for this purpose by an experienced ear, nose, 
and throat specialist. KayPENTAX Rls 9100 B tool was used for 
capturing images and recording voices. Participants who had any 
abnormality in the structure, mobility, or physiology of the larynx 
were excluded from the study. 

Phonatory-aerodynamic evaluation
The phonatory-aerodynamic evaluations were made in a silent 
and well-lit room by using the PENTAX Medical PAS Model 6600 
(KayPENTAX Corp. Montvale, NJ, USA). The calibration proce-

Table 1. Age characteristics of female and male participants according 

to groups

 Group 1  Group 2  p 
 Age  Age

 Mean±SD Min.–Max. Mean±SD Min.–Max.

Female  23.50±1.71 21–26 23.60±3.20 21–29 0.579

Male  23.33±1.58 21–25 24.38±3.85 21–30 0.963

SD: Standard deviation; Min.: Minimum; Max: Maximum
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dure was done according to the PAS manual. An experienced SLT 
explained each procedure before application. In this evaluation, 
the mask was placed to cover the mouth and nose of the partici-
pant attentively to prevent leaking of the air. Then, three record-
ings were gathered for the following protocols: comfortable sus-
tained phonation (CSPH), voicing efficiency (VOEFF), and running 
speech (RUSP) protocols.

In the CSPH protocol, the participants were asked to place the 
mask after a deep inhalation and then sustained [a] phonation (min-
imum of 5 s) at a comfortable volume. Three recordings were done 
for each participant. In this protocol, mean sound pressure level 
(SPL), phonation time, peak expiratory airflow, mean expiratory 
airflow, and expiratory volume parameters were recorded. The 
mean values of the three recordings were calculated.

In the VOEFF protocol, an intraoral tube was placed in the mouth, 
and the participants were warned not to bite the tube. The partici-
pant was explained the rate of saying [pa] and also asked to follow 
the finger directions of the SLT for correct speed. In this protocol, 
the participants repeated the [pa] syllable five times for 1 cycle, 
and a total of three repetitions of each cycle were completed. 
Moreover, mean peak air pressure, expiratory volume, target air-
flow, and mean airflow during voicing parameters were taken into 
account.

In the RUSP protocol, the participants were asked to read the first 
four sentences of a phonetically balanced paragraph after taking a 
deep breath. During reading, they were also asked to continue in-
haling and expiring through the mask. The number of inspiration, 
total reading time, expiratory airflow duration, inspiratory airflow 
duration, expiratory volume, peak inspiratory airflow, and inspira-
tory volume parameters were recorded.

Statistical Analysis
The SPSS version 22.0 software (SPSS Inc., Chicago, IL, USA) 
was used for statistical analyzes. Shapiro–Wilk test was used for 
testing normality. For the normally distributed variables, the groups 
were compared by using parametric Student’s t-test. Non-para-
metric Mann–Whitney U test was used for comparing the values 
of non-normally distributed variables. The variance homogeneity 
and selected p-values were determined by Levene’s test. Pearson 
chi-square test was used to examine the difference between the 
groups with regard to age and gender characteristics. Bonferroni 
correction was used for multiple testing. A p-value <0.025 was 
considered significant in Bonferroni-corrected tests. 

RESULTS

The descriptive findings in each group for female participants and 
comparison of the same findings between the two groups of the 
CSPH protocol are presented in Table 2. According to Table 2, 
it is seen that mean comfortable phonation time was found to be 
3.46 s longer in female drama students than in lay talker couples. 
In addition, during CSPH, female theater students used more ex-
piratory volume, and they reached higher peak expiratory airflow 
values than lay talker couples: p-values were equal to 0.048 and 
0.002 for the two parameters, respectively. Although mean ex-
piratory airflow values were numerically higher in group 1, this 
difference was not found to be significantly important (p=0.062).

In addition, SPLs used in comfortable phonation were similar be-
tween the groups (p=0.870).

The descriptive findings in each group for male participants and 
comparison of the same findings between the two groups of the 
CSPH protocol are presented in Table 3. The expiratory volume 
parameter was the only parameter found to be significantly differ-
ent between the groups (p=0.022). That is, male drama students 
used more expiratory volume in CSPH than lay talker couples. 
Although not statistically proven, the higher values gathered in the-
ater players of mean SPLs and comfortable phonation time values 
compared with public couples were remarkable.

The descriptive findings in each group for female participants and 
comparison of the same findings between the two groups of the 
VOEFF protocol are shown in Table 4. In this protocol, although it 
was not significantly different between the groups, the mean peak 
air pressure, median was the only parameter that did not differ be-
tween the groups (p=0.143), whereas all the other parameters (ex-
piratory volume, target airflow, and mean airflow during voicing) of 
this protocol were found to be higher in group 1 than in group 2. 
It is seen that syllables were produced with more expiratory airflow 
and more air in drama students than in lay talker couples.

The descriptive findings in each group for male participants and 
comparison of the same findings between the two groups of the 
VOEFF protocol are shown in Table 5. According to the findings, 
none of the VOEFF parameters were found to be different between 
the two groups.

In the RUSP protocol, female drama students (5.10±1.79) com-
pleted reading a paragraph with lesser inspirations than lay talk-
ers (7.50±2.17). This difference was found to be significantly im-

Table 2. Comparison of CSPH parameters between the groups in female participants

Variable  Group 1   Group 2  p

 Mean±SD Median Range Mean±SD Median Range

Mean SPL (dB) 76.06±4.96 76.25 70.02–83.79 75.72±4.31 74.51 67.50–82.64 0.870

Phon. time (s) 9.45±4.77 7.91 5.00–20.97 5.99±1.15 5.73 4.45–7.68 0.011*

Peak exp. airflow (L/s) 0.29±0.09 0.28 0.15–0.45 0.21±0.06 0.21 0.11–0.31 0.048

Mean exp. airflow (L/s) 0.21±0.68 0.22 0.08–0.29 0.16±0.05 0.16 0.08–0.26 0.062

Exp. volume (L) 1.80±0.46 2.02 0.69–2.28 0.99±0.44 0.91 0.36–1.94 0.002*

SPL: Sound pressure level; dB: Decibel; SD: Standard deviation; phon.: Phonation; exp.: Expiratory; s: Second; L: Liter; *p<0.025
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portant (p=0.015). Comparison of the other parameters of the 
RUSP protocol between the groups is shown in Figures 1 and 2. 
According to Figure 1, it is seen that drama students had signifi-
cantly higher peak inspiratory airflow and higher peak expiratory 
airflow rates than lay talker couples. The mean and SD values of 
the peak inspiratory airflow parameter were 2.69±0.46 in group 1 
and 1.89±0.57 in group 2. For the peak expiratory airflow param-
eter, they were 1.05±0.31 in group 1 and 0.74±0.16 in group 2. 
Expiratory volume value was numerically higher for female drama 
students than for lay talker couples, but the difference was not 
significant. Expiratory volume rates were 4.25±1.33 in drama 
students and 3.07±0.86 in lay talker couples. Although numeri-
cal inspiratory volume values of drama students (2.49±0.78) were 
higher than those of lay talkers (2.30±0.95), this was not signifi-
cantly important. According to Figure 2, it is seen that both groups 
completed reading the paragraph in a similar total duration. To 
explain, female drama students read the paragraph in 15.56±1.55 
s, and lay talkers completed to read in 16.65±1.14 s. Reviewing 
the inspiratory airflow duration, it is seen that female drama stu-

dents inspirated faster (3.26±0.57) than lay talkers (4.28±0.59). 
However, it is seen that expiratory airflow durations were similar 
between the groups; mean values were 20.42±1.96 for drama 
students and 21.80±1.85 for lay talkers. 

The descriptive findings in each group for male participants and 
comparison of the same findings between the two groups of the 
RUSP protocol are shown in Table 6.

In the RUSP parameters, peak inspiratory airflow was the only 
parameter that differed between the groups (p=0.002). It is seen 
that peak inspiratory airflow was higher in male drama students. In 
addition, expiratory volume was found to be numerically higher in 
group 1 with a relevant clinically valuable significant value, which 
was 0.065.

DISCUSSION

In speech breathing, the timing of inspiratory and expiratory 
phases, the volumes of air inhaled and exhaled, and the muscular 

Table 3. Comparison of CSPH parameters between the groups in male participants

Variable  Group 1   Group 2  p

 Mean±SD Median Range Mean±SD Median Range

Mean SPL (dB) 76.35±3.47 76.16 70.26–80.51 80.02±3.34 80.10 75.58–85.46 0.071

Phon. time (s) 11.46±6.29 10.15 5.35–26.14 6.93±2.51 5.95 5.30–12.51 0.071

Peak exp. airflow (L/s) 0.36±0.95 0.34 0.20–0.48 0.33±0.14 0.34 0.14–0.60 0.536

Mean exp. airflow (L/s) 0.23±0.09 0.23 0.08–0.37 0.21±0.11 0.22 0.07–0.38 0.754

Exp. volume (L) 2.32±0.70 2.43 1.07–3.40 1.37±0.61 1.48 0.57–2.43 0.020*

SPL: Sound pressure level; dB: Decibel; SD: Standard deviation; phon.: Phonation; exp.: Expiratory; s: Second; L: Liter; p<0.025

Table 4. Comparison of the VOEFF protocol parameters between the groups in female participants

Variable  Group 1   Group 2  p

 Mean±SD Median Range Mean±SD Median Range

Mean peak air pressure (cm H
2
O) 10.30±5.40 9.91 5.03–23.59 7.21±2.06 6.45 4.87–10.86 0.143

Exp. volume (L) 0.09±0.05 0.10 0.03–0.19 0.04±0.02 0.04 0.01–0.08 0.012*

Target airflow (L/s) 0.20±0.08 0.21 0.09–0.33 0.11±0.05 0.12 0.01–0.20 0.025*

Mean airflow during voicing (L/s) 0.19±0.08 0.20 0.09–0.32 0.11±0.05 0.11 0.01–0.20 0.022*

cm: Centimeter; SD: Standard deviation; exp.: Expiratory; s: Second; L: Liter; *p<0.025

Table 5. Comparison of the VOEFF protocol parameters between the groups in male participants

Variable  Group 1   Group 2  p

 Mean±SD Median Range Mean±SD Median Range

Mean peak air pressure (cm H
2
O) 6.87±2.41 7.27 4.22–10.06 8.92±2.31 8.54 6.16–13.06 0.174

Exp. volume (L)  0.08±0.04 0.09 0.01–0.15 0.12±0.06 0.11 0.04–0.24 0.252

Target airflow (L/s)  0.25±0.11 0.28 0.05–0.04 0.23±0.07 0.22 0.11–0.35 0.606

Mean airflow during voicing (L/s)  0.24±0.10 0.26 0.05–0.40 0.22±0.07 0.21 0.11–0.33 0.681

cm: Centimeter; SD: Standard deviation; exp.: Expiratory; s: Second; L: Liter
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activity are found to be different compared with breathing at rest 
(14). Speech at normal loudness and effort levels usually starts at 
approximately 55% vital capacity (VC) level and terminates at ap-

proximately 35% VC level. In singing and theatrical speech, lung 
volume requirements were often found to be much greater, some-
times closer to 100% VC in long phrases or very loud productions 
(4). In the literature, data regarding speech breathing of theater ac-
tors are very limited with only respiratory kinematics methodology 
using indirect air volume measures. To the best of our knowledge, 
this is the first study searching the phonatory-aerodynamic charac-
teristics of theater actors; thus, findings of each protocol are sum-
marized and compared with the common findings in the literature. 

According to the findings of the present study in the CSPH pro-
tocol, it is clearly seen that comfortable phonation time was found 
to be longer for female drama students than for lay talkers. Female 
drama students also used more expiratory volume during sustained 
vowel production. The results of this protocol implied that female 
drama students used greater percentage of VC while producing 
vowels. Similarly, male drama students in the present study were 
found to use greater percentage of VC than lay talkers. Findings 
of this protocol for female participants should be commented care-
fully since the longer comportable phonation duration in drama 
speakers may have affected the other parameters, such as higher 
expiratory air volume may have arisen from the longer phonation 
durations.

In the VOEFF protocol, it was pointed out that mean peak air 
pressure and maximum peak air pressure values were higher than 
the norms in healthy female lay talkers (7). In addition, in this pro-
tocol, airflow through the phonation was found to be higher in 
female drama students. These findings indicated that female drama 
students used greater percentage of VC while producing syllables 
[papapapapa].

As for the RUSP protocol, it was seen that both groups’ partic-
ipants completed reading in similar duration, but female drama 
students inspirated faster, and they needed lesser number of inspi-
rations. Conversely, peak expiratory airflow values were higher. In 
male drama students, peak inspiratory airflow and expiratory vol-
ume differed clinically significantly compared with lay talkers. This 
difference may be as a result of passive and active force balance 
mechanisms used in drama students (14).

To summarize the findings of the present study in the three dif-
ferent speech tasks (sustained phonation, syllable, and reading 

Table 6. Comparison of the RUSP protocol parameters between the groups in male participants

Variable  Group 1   Group 2  p

 Mean±SD Median Range Mean±SD Median Range

No. of insp. 5.50±1.51 6.00 2.00–7.00 5.87±2.64 6.00 2.00–9.00 0.505

Time 14.37±0.97 14.49 12.68–15.47 15.25±1.58 14.91 13.83–18.53 0.382

Exp. airflow duration 19.91±1.18 19.68 18.48–21.69 19.68±2.03 19.04 17.50–24.11 0.505

Ins. airflow duration 3.86±1.15 3.64 2.78–6.53 3.53±1.39 3.93 1.57–5.07 0.878

Exp. volume 4.89±1.66 5.54 1.41–6.51 3.82±0.54 3.96 2.86–4.46 0.065

Peak ins. airflow  2.89±0.31 2.93 2.46–3.40 2.13±0.70 2.33 0.46–2.73 0.002*

Ins. volume 3.18±0.72 3.00 2.64–4.89 2.53±1.43 3.05 0.10–4.01 0.720

Peak exp. airflow 1.39±0.44 1.24 0.81–2.02 1.06±0.23 0.99 0.84–1.49 0.195

n: Number; cm: Centimeter; SD: Standard deviation; exp.: Expiratory; insp.: Inspiratory; s: Second; L: Liter; *p<0.025

Figure 1. Comparison of the RUSP protocol parameters (peak 
expiratory airflow, inspiratory volume, peak ins. airflow and 
expiratory volume) between the groups in female participants
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paragraph), female drama students showed great differences com-
pared with lay talkers. For male participants, data available were 
not enough to make a precise comment; however, changes imply 
that the same respiratory–phonatory balance differences may be 
also valid for male participants. All these findings were thought to 
be compatible with the reports in the literature that suggested sub-
glottal pressure needed for singing and other vocal performance 
activities was higher and more varied than that for typical conver-
sational speech, such as louder speech of a reading task demands 
for a larger lung volume, with the speech limb starting at the higher 
lung capacity levels and sometimes finishing at lower levels than 
typical normal speech (4). In that study, the findings were related 
to the relative rib cage contribution to volume displacement, mean 
breathing frequency, and mean tidal volume expressed in percent-
age of VC. Theater actors who participated in the present study 
had voice and speech classes in each semester of their curricu-
lums. In those classes, they learned techniques mainly on voice 
and breathing (15). In addition, during their rehearsals and stage 
performances, they were frequently exposed to prosodic, pitch, 
and intensity requirements that may have led to changes in their 
speech breathing mechanisms.

As a limitation of the present study, it can be stated that although 
drama students with similar educational background and similar 
age–gender were enrolled, some variables were not controlled. 
Body type, cognitive-linguistic factors, and style of breathing were 
the uncontrolled variables (12, 16). In the literature, it was thought 
that speech breathing characteristics were not different for male 
and female participants (9, 17). Lewandowski et al. (18) showed 
that phonatory airflow rates are higher for male participants; this 
difference is thought to be due to larger airway diameters. How-
ever, in the experimental study done via respiratory inductance 
plethysmography in healthy female participants, it was found that 
lung volumes showed great variability between the subjects and 
intersubjects over time during connected speech; however, the in-
spiratory location was relatively stable (8). It is thought that physical 
characteristics of male participants may have shown greater vari-
ability in the present study. Therefore, a higher number of partic-
ipants may help to reach to validate these results. By also taking 
reported wide intra- and intervariability ranges of speech breathing 
characteristics into account (8), future studies including more male 
participants should be planned. In the cognitive-linguistic aspect, 
it was observed that drama students were more motivated to do 
their best. In addition, in reading speech, although they were not 
instructed, they were more prone to speak in a way such as they 
were on stage. In the linguistic aspect, the other factor was thought 
to be the speech task used. It was shown that reading speech and 
spontaneous speech tasks displayed different results in means of 
duration in healthy adults (19). Therefore, in future studies, the 
phonatory-aerodynamic characteristics during spontaneous speech 
or reading a real theatrical passage may be searched.

In conclusion, findings of the present study indicated that the 
phonatory-aerodynamic characteristics of drama students are dif-
ferent compared with those of lay talkers predominantly for female 
participants. The present study’s results may serve clinicians’ ba-
sic objective data regarding the speech breathing characteristics 
of theater actors. This data might be important especially on the 
rehabilitation and treatment process of voice professionals.
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