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ABSTRACT
Objective: Electroglottography (EGG) is an instrumental measurement technique that provides a relative measure of the contact area between vocal 
folds. It is important to examine whether this measurement provides reliable data in Turkish. The aim of this study is to determine the level of reliability 
of EGG measurements made at different times related to some sustained vowel vocalizations. 

Methods: Seventy participants, 35 women and 35 men, aged between 18-25 and who have healthy voice, participated in the study. The Kay-PENTAX 
Electroglottograph model 6130 was used to study participants’ production of /i/, /u/, /ɛ/ and /ʌ/ vowels. Data were collected from participants at 
four different time points: (1M) first week in the morning, (1E) first week in the evening, (2M) second week in the morning, and (2E) second week 
in the evening. The data obtained from all these measurements were matched in terms of time points; 1M-1E, 2M-2E, 1M-2E and 1E-2E. The 
consistency between measurements of these time points was studied by the inter-class correlation coefficient (ICC), a two-way mixed model. The 
gender differences of the parameters were analyzed with independent samples t-test. 

Results: According to repeated test results of all parameters obtained for the /ɛ/ vowel for both sexes and the /i/ vowel for men only, ICC values 
were statistically significant at levels ranging from moderate to excellent. In addition, when closed and open phase data were examined, values of 
all vowels did not differ according to gender during phonations. The frequency periodicity parameter of /ʌ/, /ɛ/ and /i/ vowels differs statistically 
significant in this respect. When the averages were examined, it was found that the measurements of women were higher than those of men in all 
parameters where significant differences were found. 

Conclusion: As a result of repeated measurements with EGG, regardless of the recording time, measurements of the /ɛ/ vowel showed more reliable 
results compared to other vowels.
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INTRODUCTION

Voice disorders can be evaluated in many ways, including 
acoustic and glottographic techniques. In this context, 
electroglottography (EGG) method, which is a non-invasive 
and direct evaluation battery of the glottal cycle, is often used. 
EGG is based on the electrical conductivity of the vocal fold and 
surrounding tissues as a measurement principle. Measurements 
are performed through two electrodes placed on the surface 
of the laryngeal region. During the measurement, the person 

is asked to make a phonation, and a very low-amp current 

is passed through the electrodes by the device. As a result, a 

certain number of current passes through the folds that open and 

close during phonation. The value of this current measured by 

the electrodes, on the other hand, shows differentiation due to 

impedance, which is constantly variable depending on vocal fold 

movements. The electroglottographic wave form (Lx) obtained at 

the end of the measurement is an impedance change wave that 

reflects the movement of the vocal folds (1,2).
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In voice evaluations, continuous vowel phonation is often 
used. Because during vowel phonation, many mixing factors 
such as accent, intonation, dialect are excluded, and these 
measurements are mostly performed with continuous vowel 
phonations, which are phonetically defined by /a/, /i/, and 
/u/ representations (3). In this context, it was defined by the 
International Phonetic Alphabet and the productions of all 
vowels available in terms of phonetics are classified in terms 
of tongue, lip and jaw movements. The production of different 
vowels, on the other hand, is due to these differences, which 
occur according to the place of articulation. Sustained vowel 
phonations, mostly used for voice evaluation, can alter laryngeal 
position and vocal tract acoustics due to differences occurring 
relative to the place of articulation (3,4). In this case, acoustic 
and/or electroglottographic evaluation parameters can affect 
the evaluation and therapy process of voice disorders, resulting 
in different values in different vowel phonations.

Different hypotheses have been proposed to explain the effect 
of different vowels, often used in voice evaluation procedures, 
on acoustic perturbation and fundamental frequency values. 
According to the acoustic coupling (source-filter) hypothesis, 
perturbation parameters should not be affected by the filter change 
that occurs during the articulation of different vowels because the 
source retains its existence without any structural change (5,6). 
The physical connection hypothesis, on the other hand, is studied 
in three separate subheadings: tongue pull, tongue compression, 
and horizontal-vertical pull. The hypothesis holds that there is a 
physiological-anatomical relationship between the vocal tract and 
the larynx, which changes acoustically during vowel phonations 
that differ according to their place of articulation. Research 
conducted in this context has shown that differences in tongue 
position or hyoid-larynx complex are related to basic frequency 
and perturbation parameters (7,8). In short, the configuration of 
the vocal path filter during different vowel phonation varies based 
on the differentiation of their placement relative to each other, 
and it has been determined that these differences in the vocal 
path affect the acoustic perturbation parameters of the voice 
analyzed (7,9).

In clinical use, if observed changes in electroglottographic 
parameters (effectiveness of therapy, degree of pathology 
progression, etc.) are to be used as an objective predictor of 
voice quality, knowing under what conditions the reliability 
between measurements is most optimal within the framework of 
variations created in terms of time and vowel type of people with 
normal voice will provide a great advantage for clinical use. In this 
context, there are a number of studies in the literature examining 
the reliability levels of aerodynamic and/or electroglottographic 
parameters of repeated measurements (10-16).

The aim of the current research is to determine the degree of 
reliability of EGG values obtained from different vowel phonations 
and measurements made at different times in terms of parameters 
determined as a result of repeated tests and to compare the 
obtained parameters in terms of gender.

METHODS

Participants

The study included 70 participants, 35 women and 35 men, 
between the ages of 18 and 25. Due to the fact that the 
participant population is university-level students, the age range 
of participants is 18 to 25 years. The power analysis was calculated 
using version G-Power 3.1 based on the gender variable. It was 
found appropriate to include at least 58 participants, including at 
least 29 in each group, in the power analysis performed by Awan 
et al. (14) considering the effect size in the analysis in which the 
differentiation of mean F0 according to gender was examined, 
with a power of 95% in the 95% confidence interval. In the study, 
70 participants were reached and the required sample size 
was provided. For the purposes of the study, some participant 
exclusion criteria were determined. Individuals with any 
structural abnormalities in the head and neck region or a history 
of surgery, chronic larynx disease, taking a drug that requires 
constant use, smoking, long-term voice disorders, and hearing 
disorders were not included in the study. In addition, individuals 
with lower or upper respiratory infections, seasonal allergies, or 
complaints about their voice during the measurement were not 
included in the study. Professional voice users and individuals 
who had previously received singing or voice therapy were also 
not included in the study. For female participants, the criteria 
for not being in the menstrual cycle was determined during the 
measurement.

It is based on the statements and anamnesis of the participants 
in the exclusion criteria in which they have a normal voice, but 
on the perceptual assessment of the researcher conducting the 
recording process. Accordingly, the authors conducted preliminary 
evaluations of the participants and participants who met the 
criteria for the frequency periodicity value for EGG measurement 
to be less than 20 were included in the study.

This study is planned in accordance with the International 
Declaration of Helsinki. A written consent form was obtained from 
all of the individuals who agreed to participate in the study, and 
the participants were informed about the content of the study. 
For the study, Ethics Committee approval was obtained from 
Üsküdar University Non-interventional Research Evaluation Board 
(decision no: 61351342-/2019-216, date: 25.04.2019).

Recording Procedures

First, the purpose of the study was explained to the participants 
and written consent was obtained from them. Then, socio-
demographic information was taken with the personal information 
form and information about the participant criteria was provided. 
In the directive presented to the participants, they were asked 
to specifically avoid behaviors that may negatively affect vocal 
hygiene at least 24 hours before each measurement, while they 
were asked to pay particular attention to the vocal hygiene rules 
presented at the beginning of the study as part of the research 
process.
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EGG measurement was performed with Kay-PENTAX 
Electroglottograph model 6103 (Lincoln Park, NJ, USA), and 
a pair of electrodes with EGG velcro belts were placed by 
palpating the thyroid notch in the neck areas of the participants. 
The system is set to 44.100 sampling rate. In this context, the 
(17) /ʌ/, /ɛ/, /i/ and /u/ vowels in the phonetic inventory of 
Turkish were recorded consecutively, each with a minimum of 
five seconds. For the correct placement of EGG electrodes and 
adaptation of the person to the process, the person was first 
asked for sustained phonation of /ʌ/ to last a minimum of five 
seconds. In this way, the clinician confirmed both the accuracy 
of the electrode placement with the morphology (1,2) of the 
Lx wave appearing on the screen and allowed the person to 
adapt to the recording procedures. The recording order of the 
vowels was randomly changed for each participant and each 
registration session. Two minutes of absolute voice rest and 
hydration intervals were given between recordings. Recordings 
were taken once for each vowel, recorded in “.nsp” format, 
and then the three-second segment in the middle of each 
recorded vowel phonation was analyzed.

A specific calendar was determined for the measurements in 
the study: 1. When the measurement was taken between 10:00 
and 11:00 in the morning (1M), 2. the measurement was taken 
between 16:00 and 17:00 (1E) in the evening, and sessions 1M 
and 1E were performed on the same day. The third and fourth 
measurement sessions were held 1 week after the day of 1M 
and 1E measurements. The third measurement was taken again 
between 10:00 and 11:00 in the morning (2M), and the fourth 
measurement was taken again between 16:00 and 17:00 in the 
evening (2E), and the 2M and 2E sessions were also performed 
on the same day. In this context, measurements were completed 
in a total of 4 different sessions, provided that they were taken at 
different times for each participant.

During the recording, the person was asked to sit in an upright 
position and to perform the vowel phonation requested from him 
in the same tone and volume used in daily life, without interruption. 
The parameters to be evaluated in EGG-frequency measurement 
are mean F0, minimum F0, maximum F0, F0 standard deviation, 
mean jitter and frequency periodicity (periodicity) measurement 
parameters. The mean, minimum and maximum parameter 
values   of the glottal closure phase (closed phase-CP) and the 
mean, minimum and maximum parameter values   of the glottal 
opening phase (open phase-OP) were examined. All recording 
and analysis processes were carried out in Üsküdar University 
Phonetics Laboratory.

Statistical Analysis

The SPSS 22.0 package program was used to evaluate the data. 
While using the intraclass correlation coefficient (ICC), the two-
way mixed model was preferred because the participants were 
randomly selected and the person taking the measurement was 
fixed. This method is calculated with the formula ICC (3,1) (18). 
For the normality assumption, the skewness-kurtosis coefficients 

and Shapiro-Wilks test results were evaluated together. In order to 
determine whether the measurement parameters differ by gender, 
independent samples t-test were used because the data showed a 
normal distribution. In both measurements, the significance level 
was considered p<0.05. According to ICC classification criteria, the 
reliability of ICC values less than 0.5 is low, values between 0.5 and 
0.75 are moderately reliable, values between 0.75 and 0.9 are well 
reliable, and values greater than 0.9 are perfectly reliable (19). In this 
context, the current ranges are referenced in the ICC classification 
to be used during the reporting.

RESULTS 
In order to calculate the test-retest results of parameters 1E, 1M, 
2M and 2E of the /ʌ/ vowel, the correlation coefficient in the class 
was calculated. Results for women are presented in Table 1.

For women, all ICCs calculated except for the frequency periodicity 
parameter obtained from the /ʌ/ vowel in accordance with 
morning (1M) and evening (1E) records on the same day are 
statistically significant (p<0.05). By examining the ICC values 
obtained for all other parameters, repeated measurements were 
found to be reliable at moderate and good levels.

One week after the first measurement, all intraclass correlation 
coefficients were found to be statistically significant except for 
minimum-CP, maximum-OP and maximum F0 measurements 
obtained from the /ʌ/ vowel, based on the recordings taken in 
the morning (2M) and evening (2E) on the same day for women. 
(p<0.05). When the ICC values obtained for all other parameters 
were examined, repeated measurements were obtained with 
moderate, good and excellent levels of reliability. All ICCs 
calculated except the frequency periodicity obtained from the 
/ʌ/ vowel in accordance with the records received in the morning 
(1M) on the first day and in the morning (2M) a week later are 
statistically significant (p<0.05). When the ICC values obtained 
for all other parameters were examined, repeated measurements 
were obtained reliably at moderate, good and excellent levels. All 
ICCs calculated except the maximum F0 and frequency periodicity 
obtained from the /ʌ/ vowel were statistically significant according 
to the records obtained in the evening (1E) on the first day and in 
the evening (2E) a week later (p<0.05). When examining the ICC 
values obtained for all other parameters, repeated measurements 
were obtained reliably at moderate, good and excellent levels 
(Table 1).

In order to calculate the test-retest results of parameters 1E, 1E, 
2M and 2E of the /ʌ/ vowel, the correlation coefficient in the class 
was calculated. Results for men are presented in Table 2.

For males, all ICCs were found to be statistically significant except 
mean-OP, minimum-OP and maximum-OP obtained from the /ʌ/ 
vowel based on the morning (1M) and evening (1E) recordings 
on the same day (p<0.05). When the ICC values obtained for 
all other parameters are examined, it can be said that repeated 
measurements are reliable at moderate, good and excellent 
levels.
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One week after the first measurement, all ICCs were statistically 
significant (p<0.05), except for the average jitter and frequency 
periodicity obtained in the /ʌ/ vowel, according to the recordings 
taken in the morning (2M) and evening (2E) on the same day for 
men. 

When the ICC values obtained for all other parameters were 
examined, repeated measurements were reliable at low, 
moderate and good levels. Based on the recordings taken in the 
morning (1M) on the first day and in the morning (2M) a week later, 
the whole class calculated except the minimum-CP, maximum-
CP, average-OP, minimum-OP, maximum-OP, Average jitter 
obtained from the /ʌ/ intra-correlation coefficients were found to 
be statistically significant (p<0.05). By examining the ICC values 
obtained for all other parameters, repeated measurements were 
obtained reliably at moderate, good and excellent levels. All ICCs 
obtained from the /ʌ/ vowel by making evening (1E) on the first day 
and evening (2E) a week later are statistically significant (p<0.05). 

Repeated measurements were reliably obtained at low, moderate 

and good levels when examining the ICC values obtained for all 

other parameters (Table 2).

In order to calculate the test-retest results of 1M, 1E, 2M and 2E 

parameters of the /ɛ/ vowel, the ICC was calculated. Results for 

women are presented in Table 3.

In addition to the morning (1M) and evening (1E) recordings on 

the same day for women, and the morning (2M) and evening (2E) 

measurements for women one week after the first measurement, 

on the same day, morning (1M) and one-week measurements were 

made. According to the repeated test results of all parameters 

obtained from the /ɛ/ vowel, the intraclass correlation coefficients 

were found to be statistically significant (p<0.05). In this context, 

when examining the ICC values obtained for all parameters, 

repeated measurements were obtained reliably at moderate, 

good and excellent levels (Table 3).

Table 1. Test-retest results of measurements of the /ʌ/ vowel for women

1M-1E 2M-2E 1M-2M 1E-2E

Mean-CP 0.706* (95% CI: 00.393-0.859) 0.511* (95% CI: -0.018-0.766) 0.489* (95% CI: -0.055-0.755) 0.717* (95% CI: 0.416-0.864)

Minimum-CP 0.511* (95% CI: 0.013-0.763) 0.172 (95% CI: -0.705-0.602) 0.567* (95% CI: 0.122-0.791) 0.502*(95% CI: -0.027-0.761)

Maximum-CP 0.744* (95% CI: 0.460-0.879 0.529* (95% CI: -0.006-0.777) 0.568* (95% CI: 0.082-0.795) 0.525* (95% CI: -0.015-0.776)

Mean-OP 0.709* (95% CI: 0.395-0.861) 0.511* (95% CI: -0.018-0.766) 0.486* (95% CI: -0.061-0.753) 0.697* (95% CI: 0.377-0.855)

Minimum-OP 0.721* (95% CI: 0.408-0.868) 0.529* (95% CI: -0.006-0.777) 0.562* (95% CI: 0.068-0.793) 0.514* (95% CI: -0.041-0.771)

Maximum-OP 0.559* (95% CI: 0.099-0.787) 0.172 (95% CI: -0.705-0.602) 0.574* (95% CI: 0.133-0.794) 0.504* (95% CI: -0.017-0.761)

Mean F0 0.881* (95% CI: 00.752-00.943) 0.930* (95% CI: 0.844-0.967) 0.901* (95% CI: 0.794-0.953) 0.931* (95% CI: 0.855-0.967)

Minimum F0 0.871* (95% CI:0.730-00.938) 0.818* (95% CI:0.617-0.914) 0.893* (95% CI:0.777-0.949) 0.792* (95% CI:0.568-0.900)

Maximum F0 0.856* (95% CI:0.696-0.932) -0.024 (95% CI:-1.150-0.513) 0.891* (95% CI:0.766-0.949) 0.033 (95% CI:-0.937-0.529)

Mean jitter 0.647* (95% CI:0.258-0.832) 0.876* (95% CI:0.738-0.941) 0.503* (95% CI:-0.062-0.765) 0.816* (95% CI:0.617-0.912)

Frequency 
periodicity 0.218 (95% CI:-0.672-0.631) 0.632* (95% CI: 0.232-0.824) 0.444 (95% CI:-0.136-0.732) 0.264 (95% CI:-0.491-0.643)

*p<0.05, CI: confidence interval, CP: closed phase, OP: open phase, F0: basic frequency, 1M: 1st week in the morning, 1E: 1st week in the evening, 2M: 2nd week in 
the morning, 3E: 3rd week in the evening 

Table 2. Test-retest results of measurements of the /ʌ/ vowel for men

1M-1E 2M-2E 1M-2M 1E-2E

Mean-CP 0.837* (95% CI: 0.656-0.922) 0.672* (95% CI: 0.311-0.844) 0.620* (95% CI: 0.190-0.820) 0.773* (95% CI: 0.523-0.892)

Minimum-CP 0.545* (95% CI: 0.048-0.783) 0.498* (95% CI:-0.068-0.763) 0.341 (95% CI:-0.419-0.690) 0.706* (95% CI: 0.395-0.859)

Maximum-CP 0.596* (95% CI: 0.152-0.808) 0.716* (95% CI: 0.414-0.864) 0.352 (95% CI:-0.368-0.693) 0.755* (95% CI: 0.493-0.882)

Mean-OP 0.307 (95% CI:-0.469-0.672) 0.754* (95% CI: 0.491-0.882) 0.009 (95% CI:-1.119-0.532) 0.768* (95% CI: 0.520-0.889)

Minimum-OP 0.374 (95% CI:-0.282-0.698) 0.770* (95% CI: 0.509-0.891) 0.079 (95% CI:-0.900-0.558) 0.775* (95% CI: 0.512-0.894)

Maximum-OP -0.225 (95% CI:-1.697-0.430) 0.645* (95% CI: 0.245-0.832) -0.478 (95% CI:-2.232-0.310) 0.683* (95% CI: 0.335-0.849)

Mean F0 0.932* (95% CI: 0.773-0.974) 0.895* (95% CI: 0.779-0.950) 0.907* (95% CI:0.807-0.956) 0.858* (95% CI: 0.702-0.932)

Minimum F0 0.882* (95% CI: 0.658-0.951) 0.878* (95% CI: 0.746-0.942) 0.844* (95% CI: 0.675-0.926) 0.850* (95% CI: 0.684-0.929)

Maximum F0 0.839* (95% CI: 0.663-0.923) 0.892* (95% CI: 0.773-0.949) 0.802* (95% CI: 0.580-0.906) 0.843* (95% CI: 0.673-0.925)

Mean jitter 0.752* (95% CI: 0.488-0.881) 0.170 (95% CI:-0.722-0.603) 0.140 (95% CI:-0.832-0.593) 0.595* (95% CI: 0.146-0.807)

Frequency 
periodicity 0.857* (95% CI: 0.699-0.932) 0.448 (95% CI:-0.180-0.740) 0.673* (95% CI: 0.311-0.845) 0.462* (95% CI:-0.107-0.742)

*p<0.05, CI: confidence interval, CP: closed phase, OP: open phase, F0: basic frequency, 1M: 1st week in the morning, 1E: 1st week in the evening, 2M: 2nd week in 
the morning, 3E: 3rd week in the evening
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In order to calculate the test-retest results of 1M, 1E, 2M and 2E 
parameters of the /ɛ/ vowel, the ICC was calculated. Results for 
men are presented in Table 4.

In addition to the morning (1M) and evening (1E) recordings on 
the same day for men, and the morning (2M) and evening (2E) 
recordings one week after the first measurement for women, on 
the same day for women, the first day morning (1M) and ICCs 
were statistically significant (p<0.05), according to the repeated 
test results of all parameters obtained from the /ɛ/ vowel, 
according to the recordings taken in the morning (2M) after a 
week, in the evening (1E) on the first day, and in the evening 
(2E) one week later. In this context, when examining the ICC 
values obtained for all parameters, repeated measurements 
were obtained reliably at moderate, good and excellent levels 
(Table 4).

In order to calculate the test-retest results of 1M, 1E, 2M and 2E 
parameters of the /i/ vowel, the ICC was calculated. Results for 
women are presented in Table 5.

For women, all ICCs calculated except maximum-CP and 
minimum-OP obtained from the /i/ vowel in accordance with 
morning (1M) and evening (2E) records on the same day are 
statistically significant (p<0.05). By examining the ICC values 
obtained for all other parameters, repeated measurements 
were obtained reliably at moderate and good levels. One 
week after the first measurement, all ICCs, except minimum-CP 
and maximum-OP obtained in the /i/ vowel, were statistically 
significant, based on the recordings taken in the morning 
(2M) and evening (2E) on the same day for women. When the 
ICC values obtained for all other parameters were examined, 
repeated measurements were obtained with moderate and 
excellent levels of reliability. All ICCs obtained from the /i/ 
vowel are statistically significant according to the records taken 
in the morning (1M) on the first day and in the morning (2M) 
a week later (p<0.05). By examining the ICC values obtained 
for all parameters, repeated measurements were obtained 
reliably at moderate and excellent levels. It can be said that 
the measurements obtained for these parameters are reliable. 

Table 3. Test-retest results of measurements of the /ɛ/ vowel for women

1M-1E 2M-2E 1M-2M 1E-2E

Mean-CP 0.735* (95% CI:0.449-0.873) 0.776* (95% CI:0.533-0.893) 0.740* (95% CI:0.455-0.876) 0.676* (95% CI:0.318-0.846)

Minimum-CP 0.759* (95% CI:0.501-0.884) 0.658* (95% CI:0.280-0.838) 0.744* (95% CI:0.472-0.877) 0.538* (95% CI:0.030-0.780)

Maximum-CP 0.641* (95% CI:0.240-0.830) 0.724* (95% CI:0.429-0.868) 0.736* (95% CI:0.443-0.874) 0.707* (95% CI:0.395-0.859)

Mean-OP 0.747* (95% CI:0.466-0.880) 0.813* (95% CI:0.607-0.911) 0.772* (95% CI:0.528-0.891) 0.633* (95% CI:0.239-0.824)

Minimum-OP 0.649* (95% CI:0.265-0.832) 0.768* (95% CI:0.518-0.889) 0.772* (95% CI:0.519-0.892) 0.673* (95% CI:0.329-0.843)

Maximum-OP 0.788* (95% CI:0.559-0.898) 0.647* (95% CI:0.249-0.833) 0.749* (95% CI:0.475-0.880) 0.538* (95% CI:0.038-0.779)

Mean F0 0.881* (95% CI:0.751-0.943) 0.923* (95% CI:0.839-0.963) 0.868* (95% CI:0.726-0.937) 0.915* (95% CI:0.824-0.960)

Minimum F0 0.723* (95% CI:0.427-0.867) 0.918* (95% CI:0.829-0.961) 0.862* (95% CI:0.713-0.934) 0.688* (95% CI:0.359-0.850)

Maximum F0 0.869* (95% CI:0.727-0.937) 0.909* (95% CI:0.811-0.957) 0.856* (95% CI:0.701-0.931) 0.908* (95% CI:0.809-0.956)

Mean jitter 0.924* (95% CI:0.842-0.964) 0.868* (95% CI:0.723-0.937) 0.717* (95% CI:0.398-0.866) 0.788* (95% CI:0.551-0.899)

Frequency periodicity 0.787* (95% CI:0.631-0.849) 0.711* (95% CI:0.596-0.824) 0.563* (95% CI:0.415-0.743) 0.483* (95% CI:0.308-0.598)

*p<0.05, CI: confidence interval, CP: closed phase, OP: open phase, F0: basic frequency, 1M: 1st week in the morning, 1E: 1st week in the evening, 2M: 2nd week in 
the morning, 3E: 3rd week in the evening

Table 4. Test-retest results of measurements of the /ɛ/ vowel for men

1M-1E 2M-2E 1M-2M 1E-2E

Mean-CP 0.812* (95% CI:0.607-0.911) 0.754* (95% CI:0.485-0.883) 0.728* (95% CI:0.430-0.870) 0.511* (95% CI:-0.039-0.769)

Minimum-CP 0.743* (95% CI:0.458-0.878) 0.665* (95% CI:0.288-0.842) 0.525* (95% CI:0.018-0.772) 0.474* (95% CI:-0.115-0.750)

Maximum-CP 0.855* (95% CI:0.696-0.931) 0.701* (95% CI:0.382-0.857) 0.742* (95% CI:0.459-0.877) 0.549* (95% CI:0.051-0.785)

Mean-OP 0.689* (95% CI:0.339-0.853) 0.838* (95% CI:0.657-0.923) 0.728* (95% CI:0.431-0.870) 0.645* (95% CI:0.255-0.831)

Minimum-OP 0.723* (95% CI:0.414-0.869) 0.782* (95% CI:0.544-0.896) 0.742* (95% CI:0.459-0.877) 0.667* (95% CI:0.294-0.842)

Maximum-OP 0.617* (95% CI:0.185-0.819) 0.745* (95% CI:0.469-0.878) 0.527* (95% CI:0.023-0.773) 0.628* (95% CI:0.237-0.821)

Mean F0 0.902* (95% CI:0.796-0.953) 0.909* (95% CI: 0.808-0.957) 0.865* (95% CI:0.716-0.936) 0.869* (95% CI:0.727-0.937)

Minimum F0 0.893* (95% CI:0.777-0.949) 0.899* (95% CI: 0.786-0.952) 0.860* (95% CI:0.704-0.933) 0.856* (95% CI:0.699-0.931)

Maximum F0 0.908* (95% CI:0.807-0.956) 0.909* (95% CI: 0.808-0.957) 0.870* (95% CI:0.726-0.938) 0.875* (95% CI:0.740-0.940)

Mean jitter 0.864* (95% CI:0.715-0.935) 0.892* (95% CI: 0.720-0.918) 0.734* (95% CI: 0.691-0.882) 0.714* (95% CI:0.410-0.863)

Frequency periodicity 0.585* (95% CI:0.117-0.803) 0.616* (95% CI: 0.187-0.818) 0.678* (95% CI:0.331-0.846) 0.715* (95% CI:0.412-0.863)

*p<0.05, CI: confidence interval, CP: closed phase, OP: open phase, F0: basic frequency, 1M: 1st week in the morning, 1E: 1st week in the evening, 2M: 2nd week in 
the morning, 3E: 3rd week in the evening
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All ICCs calculated except minimum-CP and maximum-OP 
obtained from the /i/ vowel in accordance with the records 
obtained in the evening (1E) on the first day and evening 
(2E) a week later are statistically significant (p<0.05). When 
examining the ICC values obtained for all other parameters, 
repeated measurements were obtained reliably at moderate 
and good levels (Table 5).

In order to calculate the test-retest results of 1M, 1E, 2M and 2E 
parameters of the /i/ vowel, the ICC was calculated. Results for 
men are presented in Table 6.

In addition to the morning (1M) and evening (1E) recordings on 
the same day for men, and the morning (2M) and evening (2E) 
recordings for women one week after the first measurement, 
on the same day, in the morning (1M) and one week ICCs were 
statistically significant (p<0.05), according to the repeated test 
results of all parameters obtained from the /ɛ/ vowel, according to 
the recordings taken in the morning (2M) after the first day and in 

the evening (1E) on the first day and in the evening (2E) one week 
later. In this context, when examining the ICC values obtained for 
all parameters, repeated measurements were obtained reliably at 
moderate, good and excellent levels (Table 6).

In order to calculate the test-retest results of 1M, 1E, 2M and 2E 
parameters of the /u/ vowel, the ICC was calculated. Results for 
women are presented in Table 7.

All ICCs calculated for women, except frequency periodicity 
obtained from /u/ vowel, were statistically significant (p<0.05), 
based on the recordings taken in the morning (1M) and evening 
(1E) on the same day. When the ICC values obtained for all 
other parameters were examined, repeated measurements were 
obtained with a good level of reliability. All ICCs calculated for 
women one week after the first measurement, except for the 
average jitter obtained from the /u/ vowel in accordance with 
morning (2M) and evening (2E) records on the same day, are 
statistically significant (p<0.05). By examining the ICC values 

Table 5. Test-retest results of measurements of the /i/ vowel for women

1M-1E 2M-2E 1M-2M 1E-2E

Mean-CP 0.754* (95% CI:0.479-0.883) 0.683* (95% CI:0.325-0.850) 0.774* (95% CI:0.521-0.893) 0.641* (95% CI:0.239-0.830)

Minimum-CP 0.652* (95% CI:0.260-0.835) 0.441 (95% CI:-0.180-0.734) 0.639* (95% CI:0.250-0.827) 0.418 (95% CI:-0.250-0.726)

Maximum-CP 0.445 (95% CI:-0.165-0.736) 0.742* (95% CI:0.456-0.877) 0.872* (95% CI:0.733-0.939) 0.504* (95% CI:-0.041-0.764)

Mean-OP 0.754* (95% CI:0.478-0.883) 0.690* (95% CI:0.340-0.853) 0.774* (95% CI:0.522-0.893) 0.636* (95% CI:0.224-0.828)

Minimum-OP 0.444 (95% CI:-0.168-0.736) 0.743* (95% CI:0.457-0.878) 0.874* (95% CI:0.736-0.940) 0.497* (95% CI:-0.060-0.761)

Maximum-OP 0.652* (95% CI:0.260-0.835) 0.445 (95% CI:-0.165-0.736) 0.639* (95% CI:0.250-0.827) 0.424 (95% CI:-0.237-0.729)

Mean F0 0.810* (95% CI:0.597-0.910) 0.951* (95% CI:0.897-0.977) 0.842* (95% CI:0.666-0.925) 0.874* (95% CI:0.734-0.940)

Minimum F0 0.662* (95% CI:0.290-0.839) 0.944* (95% CI:0.881-0.973) 0.856* (95% CI:0.697-0.932) 0.653* (95% CI:0.270-0.835)

Maximum F0 0.790* (95% CI:0.556-0.900) 0.944* (95% CI:0.884-0.973) 0.820* (95% CI:0.619-0.914) 0.854* (95% CI:0.694-0.930)

Mean jitter 0.656* (95% CI:0.294-0.834) 0.615* (95% CI:0.211-0.814) 0.745* (95% CI:0.468-0.878) 0.824* (95% CI:0.631-0.916)

Frequency 
periodicity 0.787* (95% CI:0.558-0.898) 0.711* (95% CI:0.391-0.862) 0.560* (95% CI:-0.063-0.734) 0.583* (95% CI:-0.029-0.747)

*p<0.05; CI: confidence interval, CP: closed phase, OP: open phase, F0: basic frequency, 1M: 1st week in the morning, 1E: 1st week in the evening, 2M: 2nd week in 
the morning, 3E: 3rd week in the evening

Table 6. Test-retest results of measurements of the /i/ vowel for men

1M-1E 2M-2E 1M-2M 1E-2E

Mean-CP 0.876* (95% CI:0.741-0.941) 0.827* (95% CI:0.635-0.918) 0.675* (95% CI:0.327-0.844) 0.751* (95% CI:0.474-0.882)

Minimum-CP 0.836* (95% CI:0.653-0.922) 0.823* (95% CI:0.627-0.916) 0.568* (95% CI:0.125-0.790) 0.758* (95% CI:0.477-0.886)

Maximum-CP 0.860* (95% CI:0.708-0.933) 0.828* (95% CI:0.637-0.918) 0.736* (95% CI:0.447-0.874) 0.770* (95% CI:0.512-0.891)

Mean-OP 0.838* (95% CI:0.661-0.923) 0.828* (95% CI:0.635-0.918) 0.627* (95% CI:0.219-0.822) 0.752* (95% CI:0.475-0.882)

Minimum-OP 0.827* (95% CI:0.636-0.918) 0.828* (95% CI:0.637-0.918) 0.706* (95% CI:0.380-0.860) 0.770* (95% CI:0.512-0.891)

Maximum-OP 0.828* (95% CI:0.637-0.918) 0.823* (95% CI:0.627-0.916) 0.567* (95% CI:0.119-0.791) 0.758* (95% CI:0.477-0.886)

Mean F0 0.920* (95% CI:0.832-0.962) 0.905* (95% CI:0.801-0.955) 0.893* (95% CI:0.775-0.949) 0.863* (95% CI:0.712-0.935)

Minimum F0 0.923* (95% CI:0.838-0.963) 0.902* (95% CI:0.794-0.953) 0.891* (95% CI:0.771-0.948) 0.855* (95% CI:0.697-0.931)

Maximum F0 0.920* (95% CI:0.834-0.962) 0.911* (95% CI:0.814-0.958) 0.900* (95% CI:0.790-0.953) 0.870* (95% CI:0.728-0.938)

Mean jitter 0.901* (95% CI:0.792-0.953) 0.825* (95% CI:0.630-0.917) 0.866* (95% CI:0.721-0.936) 0.802* (95% CI:0.588-0.905)

Frequency periodicity 0.687* (95% CI:0.335-0.852) 0.651* (95% CI:0.266-0.834) 0.650* (95% CI:0.263-0.833) 0.526* (95% CI:0.036-0.771)

*p<0.05; CI: confidence interval, CP: closed phase, OP: open phase, F0: basic frequency, 1M: 1st week in the morning, 1E: 1st week in the evening, 2M: 2nd week in 
the morning, 3E: 3rd week in the evening
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obtained for all other parameters, repeated measurements were 
obtained with low, moderate, good and excellent reliability. All 
ICCs calculated except mean-OP, minimum-OP and frequency 
periodicity obtained from /u/ vowel in accordance with the 
records taken in the morning (1M) on the first day and in the 
morning (2M) a week later are statistically significant (p<0.05). 
By examining the ICC values obtained for all other parameters, 
repeated measurements were obtained with low, moderate and 
good reliability. All ICCs calculated except the average jitter 
obtained from the /u/ vowel in accordance with the records taken 
in the evening (1E) on the first day and in the evening (2E) a week 
later are statistically significant (p<0.05). When examining the ICC 
values obtained for all other parameters, repeated measurements 
were obtained as moderate and good reliable (Table 7).

To calculate the test-retest results of 1M, 1E, 2M and 2E 
parameters of the /u/ vowel, the ICC was calculated. Results for 
men are presented in Table 8.

For men, all ICCs calculated except minimum-CP, maximum-OP 
and average Jitter obtained in /u/ vowel according to morning 
(1M) and evening (1E) records on the same day are statistically 
significant (p<0.05). By examining the ICC values obtained for all 
other parameters, repeated measurements were obtained with 
moderate and good reliability. All ICCs obtained from the /u/ 
vowel are statistically significant according to the records taken 
in the morning (2M) and evening (2E) on the same day for men 
one week after the first measurement (p<0.05). By examining 
the ICC values obtained for all parameters, it can be said that 
repeated measurements are moderately and well reliable. All ICCs 
calculated except the average jitter obtained from the /u/ vowel in 
accordance with the records taken in the morning (1M) on the first 
day and in the morning (2M) a week later are statistically significant 
(p<0.05). When the ICC values obtained for all other parameters 
were examined, repeated measurements were obtained with 
moderate and good reliability. All ICCs, except maximum F0 

Table 7. Test-retest results of measurements of the /u/ vowel for women

1M-1E 2M-2E 1M-2M 1E-2E

Mean-CP 0.857* (95% CI:0.701-0.932) 0.841* (95% CI:0.661-0.925) 0.827* (95% CI:0.640-0.917) 0.889* (95% CI:0.770-0.947)

Minimum-CP 0.798* (95% CI:0.573-0.904) 0.767* (95% CI:0.516-0.889) 0.780* (95% CI:0.535-0.896) 0.842* (95% CI:0.671-0.924)

Maximum-CP 0.734* (95% CI:0.441-0.873) 0.761* (95% CI:0.506-0.885) 0.723* (95% CI:0.428-0.867) 0.807* (95% CI:0.596-0.908)

Mean-OP 0.843* (95% CI:0.670-0.925) 0.492* (95% CI:-0.019-0.753) 0.300 (95% CI:-0.418-0.661) 0.884* (95% CI:0.758-0.944)

Minimum-OP 0.741* (95% CI:0.456-0.877) 0.459* (95% CI:-0.093-0.737) 0.243 (95% CI:-0.529-0.633) 0.786* (95% CI:0.551-0.898)

Maximum-OP 0.759* (95% CI:0.492-0.886) 0.473* (95% CI:-0.085-0.747) 0.468* (95% CI:-0.111-0.746) 0.849* (95% CI:0.686-0.928)

Mean F0 0.888* (95% CI:0.763-0.947) 0.938* (95% CI:0.870-0.971) 0.880* (95% CI:0.746-0.943) 0.857* (95% CI:0.698-0.932)

Minimum F0 0.885* (95% CI:0.758-0.946) 0.941* (95% CI:0.876-0.972) 0.880* (95% CI:0.747-0.943) 0.861* (95% CI:0.706-0.934)

Maximum F0 0.885* (95% CI:0.756-0.945) 0.937* (95% CI:0.866-0.970) 0.889* (95% CI:0.765-0.947) 0.857* (95% CI:0.697-0.932)

Mean jitter 0.722* (95% CI:0.422-0.867) 0.415 (95% CI:-0.229-0.722) 0.859* (95% CI:0.703-0.933) 0.232 (95% CI:-0.497-0.621)

Frequency 
periodicity

0.437 (95% CI:-0.133-0.726) 0.576* (95% CI:0.094-0.800) 0.325 (95% CI:-0.338-0.669) 0.507* (95% CI:-0.053-0.767)

*p<0.05; CI: confidence interval, CP: closed phase, OP: open phase, F0: basic frequency, 1M: 1st week in the morning, 1E: 1st week in the evening, 2M: 2nd week in 
the morning, 3E: 3rd week in the evening

Table 8. Test retest results of measurements of the /u/ vowel for men

1M-1E 2M-2E 1M-2M 1E-2E

Mean-CP 0.857* (95% CI:0.701-0.932) 0.841* (95% CI:0.661-0.925) 0.827* (95% CI:0.640-0.917) 0.889* (95% CI:0.770-0.947)

Minimum-CP 0.798* (95% CI:0.573-0.904) 0.767* (95% CI:0.516-0.889) 0.780* (95% CI:0.535-0.896) 0.842* (95% CI:0.671-0.924)

Maximum-CP 0.734* (95% CI:0.441-0.873) 0.761* (95% CI:0.506-0.885) 0.723* (95% CI:0.428-0.867) 0.807* (95% CI:0.596-0.908)

Mean-OP 0.843* (95% CI:0.670-0.925) 0.492* (95% CI:-0.019-0.753) 0.300 (95% CI:-0.418-0.661) 0.884* (95% CI:0.758-0.944)

Minimum-OP 0.741* (95% CI:0.456-0.877) 0.459* (95% CI:-0.093-0.737) 0.243 (95% CI:-0.529-0.633) 0.786* (95% CI:0.551-0.898)

Maximum-OP 0.759* (95% CI:0.492-0.886) 0.473* (95% CI:-0.085-0.747) 0.468* (95% CI:-0.111-0.746) 0.849* (95% CI:0.686-0.928)

Mean F0 0.888* (95% CI:0.763-0.947) 0.938* (95% CI:0.870-0.971) 0.880* (95% CI:0.746-0.943) 0.857* (95% CI:0.698-0.932)

Minimum F0 0.885* (95% CI:0.758-0.946) 0.941* (95% CI:0.876-0.972) 0.880* (95% CI:0.747-0.943) 0.861* (95% CI:0.706-0.934)

Maximum F0 0.885* (95% CI:0.756-0.945) 0.937* (95% CI:0.866-0.970) 0.889* (95% CI:0.765-0.947) 0.857* (95% CI:0.697-0.932)

Mean jitter 0.722* (95% CI:0.422-0.867) 0.415 (95% CI:-0.229-0.722) 0.859* (95% CI:0.703-0.933) 0.232 (95% CI:-0.497-0.621)

Frequency 
periodicity 0.437 (95% CI:-0.133-0.726) 0.576* (95% CI:0.094-0.800) 0.325 (95% CI:-0.338-0.669) 0.507* (95% CI:-0.053-0.767)

*p<0.05; CI: coefficient interval, CP: closed phase, OP: open phase, F0: basic frequency, 1M: 1st week in the morning, 1E: 1st week in the evening, 2M: 2nd week in 
the morning, 3E: 3rd week in the evening
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obtained from /u/ vowel, were statistically significant (p<0.05), 
based on the recordings taken in the evening (1E) on the first day 
and in the evening (2E) one week later. When ICC values obtained 
for all other parameters were examined, repeated measurements 
were obtained with moderate and good reliability (Table 8).

During the phonations, only the frequency periodicity parameter 
of the vowels /ʌ/, /ɛ/ and /i/ differs statistically significantly 
(p=0.09; p=0.00 and p=0.002, respectively) according to gender. 
When the averages were examined, it was determined that the 
measurements of women were higher than men in all parameters 
with significant differences. No statistically significant difference 
was found according to gender in other parameters of the 
measurement (Table 9).

DISCUSSION
If the studies examining the measurement reliability of acoustic-
aerodynamic parameters obtained at the end of repeated tests 
are examined in more detail; Leeper and Graves (10) measured 
translaryngeal airflow, air pressure, and laryngeal airway resistance 
twice a day (morning and evening) for two consecutive days in 
15 female participants through repeated tests and found no 
significant difference between days or within days. Wilson and 
Leeper (11), in their study including 15 male and 15 female 

participants, reported that there was no significant difference in 
the test-retest results for laryngeal resistance, mean airflow and 
subglottal pressure parameters as a result of the measurements 
they made on two consecutive days. Lee et al. (12), reported test-
retest data (28 days apart) for various acoustic and aerodynamic 
measurements such as volume, airflow rate, and maximum 
phonation time and showed no significant difference between the 
measurements. Garrison (13) evaluated the test-retest reliability of 
various aerodynamic measurements as a result of tests performed 
at intervals of ten minutes and one week and stated that there 
was no significant test-retest difference between the parameters 
measured at different times. In another study, 30 female and 
30 male participants stated that the aerodynamic parameters 
obtained with the Kay-PENTAX Phonatory Aerodynamic System 
device were good and excellent in the reliability of repeated tests 
measured one week apart (14).

Unlike the studies mentioned above to prove test-retest reliability, 
Higgins et al. (15) examined aerodynamic and electroglottographic 
reliability through variation coefficients among 21 participants (11 
male and 10 female) recorded over four non-consecutive days. As 
a result, the authors noted that there may be no respiratory control 
in individuals whose subglottal pressures vary by more than 15% 
between repeated measurements. In addition, 10% more than 
the abduction and fundamental frequency that vary with the rate 
of 25% (for syllable repetition) showing more variability caused 
by tissue damage or a possible situations of glottal air flow may 
reflect a disorder of vocal fold neuropathology stated that. In this 
context, the researchers stated that the open phase ratio studied 
as a result of repeated measurements made at different times was 
one of the parameters that showed the least change, while the 
average phonatory airflow was one of the parameters that showed 
the most change (15). On the other hand, some researchers stated 
that values related to the contact area of the vocal fold gave more 
reliable results (1,16).

Frequency perturbation parameters such as percent jitter (Jitt), 
relative average perturbation, pitch perturbation coefficient 
(PPQ), amplitude perturbation coefficient (Shim), and amplitude 
perturbation coefficient (APQ), which are different techniques, 
are often used for pathological voice identification. The EGG 
technique used in this context measures the motion phases of the 
vocal fold based on the principle of electrical conductivity of the 
tissues. It shows the data in the form of a Lx wave reflected on 
the screen, while it can also express the percentage of available 
glottal phases in this wave in numerical numbers. It also offers 
clinicians basic frequency and frequency-dependent perturbation 
values, as it electrically measures the movement of the vocal 
fold. In contrast, an acoustic measurement is performed only 
through a microphone and software that will analyze the voice. 
But in this case, the information about the movement and/or 
movement regularity of the vocal fold is measured in-directly, as 
in the EGG measurement. Because the voice recorded through 
the microphone for analysis is affected by the different resonance 
properties of the vocal tract (20-23). In the light of this information, 

Table 9. Comparison of EGG parameters obtained from /i/, 
/u/,/ɛ/ and /ʌ/ vowel phonation by gender (Based on 1M 
measurement)

Female Male

at p±ss ±ss

Mean-CP/ʌ/ 46.48±2.88 45.18±4.07 1.419 0.162

Mean-OP/ʌ/ 53.52±2.89 53.89±4.98 0.355 0.724

Mean jitter/ʌ/ 0.45±0.27 0.43±0.33 0.209 0.835

Frequency 
periodicity/ʌ/ 31.72±8.30 25.16±10.28 2.719* 0.009*

Mean-CP/ɛ/ 46.21±4.18 45.45±3.97 0.722 0.473

Mean-OP/ɛ/ 53.79±4.19 54.55±3.98 0.717 0.476

Mean jitter/ɛ/ 0.45±0.20 0.38±0.28 1.070 0.289

Frequency 
periodicity/ɛ/ 35.01±8.55 24.81±7.91 4.797* 0.000*

Mean-CP/i/ 45.70±4.38 46.88±4.70 1.007 0.318

Mean-OP/i/ 54.30±4.38 53.43±4.47 0.757 0.452

Mean jitter/i/ 0.45±0.21 0.33±0.32 1.706 0.093

Frequency 
periodicity/i/ 33.65±7.43 24.44±7.74 3.171* 0.002*

Mean-CP/u/ 45.27±3.47 47.03±4.54 1.684 0.097

Mean-OP/u/ 54.87±3.43 52.99±4.55 1.804 0.076

Mean jitter/u/ 0.37±0.17 0.29±0.19 1.886 0.064

Frequency 
periodicity/u/ 27.84±8.35 25.48±8.22 1.100 0.276

p<0.05 SD: standard deviation, : average, a:T-test values, CP: closed phase, 
OP: open phase, F0: basic frequency, 1M: 1st week in the morning, EGG: 
electroglottography
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some researchers have suggested that EGG measurements may 
be more efficient in detecting voice disorders and monitoring 
the therapy/treatment process (23-25). As the reason for this, 
the researchers stated that the information on vocal fold contact 
rates to be obtained at the end of EGG measurements could be 
an effective method in the classification of voice disorders, and 
they also showed that perturbation parameters related to vocal 
stability can also be obtained using EGG (24).

EGG studies show that young adult males tend to exhibit 
higher rates of vocal contact than young adult females (26-
28). In addition, in the study conducted by Paul et al. (29), it 
was reported that a similar situation is in question in Indian 
young adult men compared to women. This coincides with the 
notion that a decrease in fundamental frequency may result in 
an increase in the off-phase ratio. In contrast, Orlikoff et al. (30) 
reported similar closed-phase values for males and females with 
healthy voices during prolonged vowel production. Similarly, in 
a study conducted by Faria et al. (31), it was reported that there 
was no significant difference between men and women in the 
Brazilian Portuguese speaking population. In our study, when we 
compared the vowels /i/, /u/, /ɛ/ and /ʌ/ by gender, there was no 
significant difference between the sexes in any vowel phonation in 
terms of mean OP and CP values in accordance with the literature. 
In other words, similar mean CP and OP values were obtained for 
both genders.

The periodicity factor determines the periodicity of the voice, and 
in general, a value greater than 20 indicates a high periodicity; a 
value less than 20 indicates a low degree of periodicity and thus 
a potential problem with the evaluation with continuous vowel 
phonation (32). In this context, a statistically significant difference 
between men and women was obtained in all other continuous 
vowel phonations except /u/ vowel. When the average values of 
this parameter were examined, women showed a high level of 
frequency periodicity values compared to men.

In addition, when looking at the mean values   of frequency 
periodicity for women, regardless of statistical significance, there 
is an order of /ɛ/, /i/, /ʌ/, /u/, respectively, from largest to smallest; 
For men, again, when the average values of frequency periodicity 
were examined without making any significant difference, it was 
seen that the values of all vowels were very close to each other.

When the periodicity parameters of the participants were 
examined individually within the mean value and standard 
deviation data, no frequency periodicity value of the participants 
was found below the limit of 20. This is actually an expected result, 
given the criteria for participants to have a healthy voice, while it 
can also be interpreted as a parameter that confirms the voice 
health of participants.

It is noteworthy that the frequency periodicity value of /ɛ/, /ʌ/ and 
/i/ phonations in female individuals was significantly higher than in 
men when the values were examined. In addition, it was observed 
that the periodicity value of the front vowels in female individuals 

was obtained as the average value of the back vowels, and the 
voice with the most periodicity was obtained as the /ɛ/ vowel.

By examining the ICC values in the parameters of repeated 
measurements at different times over four different vowel 
phonations, there are statistically significant and non-significant 
parameters. Statistically significant parameters show that EGG 
measurements that repeat at different times are reliable, not 
affected by variations of voice that are likely to be observed 
during the day, but are not pathological, while parameters that 
are not statistically significant show that EGG measurements 
that repeat at different times are not reliable. In this context, 
in our study, all parameters of the /ɛ/ vowel obtained by EGG 
measurement and mapped as 1M-1E, 2M-2E, 1M-2M and 1E-
2E in terms of time for men and women, and the /i/ vowel 
as a situation observed only in males. When the repeated 
measurement results of all EGG parameters were examined, 
ICC values were obtained as statistically significant. In summary, 
when the ICC values obtained for all parameters were examined 
in this study, it was found that repeated measurements were 
reliable at moderate, good and excellent levels for /ɛ/ vowel in 
common for both genders.

In order for a measurement to be reliable in the clinical area, the 
results of the soon-repeated test should not be affected by daily 
non-pathological variations (14). In this context, vowels that gave 
statistically significant levels of moderate, good and excellent 
ICC results in each parameter in all repeated measurements were 
found to be /ɛ/ vowels for women and /ɛ/ and /i/ vowels for men. 
In addition, EGG’s repeated measurements eventually gave the 
most frequently non-significant ICC values, while the vowel vowel 
with the lowest reliability rates was determined as /ʌ/ vowel in 
both genders.

The reason for the low level of reliability in the /ʌ/ vowel may 
be due to the fact that the tongue was positioned low and 
backward in the production of this vowel. EGG measurement 
is performed by fastening a pair of superficial electrodes to 
both laminae of the thyroid cartilage, which is palpable in the 
neck region, with a Velcro strap, and according to the physical 
connection hypothesis, the tongue, hyoid bone and larynx 
are interconnected by muscle and connective tissue. While 
the forward movement of the tongue indirectly causes the 
hyoid bone to move forward, pulling the larynx upward, it also 
increases in F0 with increasing tension in the vocal folds, and 
vice versa (7). In this context, while the forward movement of 
the hyoid bone in the vowels where the tongue is positioned 
forward may have caused the larynx to be positioned anteriorly 
and upwards, acting within the framework of the physical 
connection hypothesis, while the vowel vowels in which the 
tongue is positioned behind may pull the larynx down and 
backward, reducing its prominence in the neck region. As a 
result, it can help us conclude that the test-retest reliability of 
vowel vowels with the front and/or high position of the tongue 
is higher than vowel vowels with the back and/or low position 
of the tongue, as it causes EGG electrodes to better grasp the 
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surface of the larynx. According to the ROC analysis results of 
EGG parameters obtained from different vowel phonations, the 
researchers found that mean jitter and periodicity parameters 
showed higher differential diagnosis performance in front 
vowels (/ɛ/ and /i/) compared to back vowels (/ʌ/ and /u/) (33) 
and this is a finding that confirms our research. In our study, the 
periodicity parameter of the /ɛ/ vowel resulted in the highest 
value compared to the other vowels in terms of mean value; at 
the same time, the vowels obtained by placing the tongue in 
the anterior position of the periodicity parameter in terms of the 
mean value resulted in higher values   than the vowels produced 
by the placement of the tongue in the posterior position. As a 
matter of fact, this is one of the findings that can be another 
predictor of the reliability of EGG evaluations performed with 
front vowels. In this context, both our ICC results and the results 
obtained from the frequency periodicity parameter confirm 
each other in this direction.

Study Limitations

Additional predictive statistical measurements such as standard 
error measurement, minimum error and variation coefficient were 
not calculated in this study. Perceptual evaluation of healthy voice 
was carried out only by the researcher conducting the recording 
process, and in this context, additional statistical analyses such 
as interpersonal measurement reliability for perceptual voice 
evaluation parameters were not available. Criterion in the selection 
of participants; EGG periodicity parameter is less than 20.

CONCLUSION
As a result, in EGG measurements obtained by continuous 
phonation of /ɛ/ vowel for both genders and /i/ vowel for only 
males, moderate, good and excellent ICC values were obtained 
in all measurement parameters examined and between the paired 
measurement times.

This shows that the use of the /ɛ/ vowel for both genders, especially 
in the recordings taken with EGG, can give more consistent results 
in terms of test-retest, regardless of the recording time, compared 
to other vowels.
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