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ABSTRACT

Purpose: To compare acoustic measurements of voice recorded by two 
types of microphones. Methods: The study counted with 103 women 
from 18 to 54 years old. The recorded sample was the sustained vowel /ɛ/. 
The acoustic signal was picked up simultaneously by two unidirectional 
microphones: the Shure SM58 and the Karsect HT-9. The acoustic analysis 
was performed on these edited vocal samples. The measured parameters 
were F0, Jitter, Shimmer and Glottal to Noise Excitation (GNE) ratio. 
Results: Recurrent differences between the microphones were observed 
only in Shimmer measurement (p=0.026); the Karsect HT-9 presented higher 
values. However, the acoustic measures were within the normal range for 
healthy voices, despite of the microphone used. Conclusion: The acoustic 
analysis results extracted from the voice recording performed with the Shure 
SM58 and the Karsect HT-9 microphones were similar. Hence, it can be 
deduced that, connected to a high-quality interface, both microphones can 
be used in the acoustic analysis to record the sound signal. 
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RESUMO

Objetivo: Comparar os valores das medidas acústicas da voz, 
extraídas de gravações vocais realizadas com dois tipos de microfones. 
Métodos: Participaram da pesquisa 103 pessoas do sexo feminino, com 
idades entre 18 e 54 anos. Foram coletadas amostras da vogal sustentada 
/e/, captadas por dois microfones, simultaneamente: Shure SM58 e Karsect 
HT-9. Foi realizada a análise acústica das vozes, com a extração de valores 
de frequência fundamental (F0), variação da frequência (Jitter) e variação 
de amplitude dos segmentos fundamentais da voz (Shimmer) e proporção 
Glottal to Noise Excitation (GNE). Resultados: Houve diferenças entre 
os microfones apenas na medida de Shimmer, com predomínio de valores 
mais altos captados pelo Karsect HT-9. Porém, os resultados de ambos 
os microfones estiveram dentro dos padrões de normalidade do software 
utilizado. Conclusão: Os resultados da análise acústica extraídos a partir 
da gravação de voz realizada com os microfones Shure SM58 e Karsect 
HT-9 foram semelhantes, concluindo-se que ambos os microfones podem 
ser utilizados para gravação do sinal sonoro na análise acústica. 
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INTRODUCTION

The voice depends of the speaker anatomo-physiological 
characteristics, psychological traits, physical, social and cultural 
aspects. It is very important in interpersonal and professional 
communication skills(1,2).

The human voice is a complex phenomenon; therefore, the 
voice assessment must be multidimensional. It is recommended 
that clinical voice evaluation assess the following dimensions: 
clinical history, assessment of voice quality (perceptual judgement 
of the voice quality, acoustic and aerodynamic analyses) and 
patients’ self-assessment. These dimensions complement 
each other and must be analyzed together in order to provide 
an overview of the voice outcomes. Thus, a diagnosis can be 
established, a therapeutic approach can be defined and clinical 
follow-ups can be performed, especially in cases ongoing vocal 
rehabilitation(1-3).

As mentioned, one of the dimensions of the voice assessment 
is the acoustic analysis; it aims to objectively quantify the 
physical parameters of the waveform in the time domain(4). It is 
a computerized, objective, non-invasive, low-cost, time‑efficient 
and user-friendly analysis that allows to transform a subjective 
perception of the voice signal into a quantified objective reality(1,5).

Despite the criticisms regarding the acoustic analysis, 
specially concerning the lack of precise correlation with the 
perceptual judgment, its importance is undeniable(6). Some of 
the acoustic analysis positive aspects are: help to understand 
the voice production, generate standardize data, produce 
voice documentation, follow-up treatment outcome, clinical 
monitoring of patients ongoing vocal rehabilitation and early 
detection of voice problems(1,2,6). Furthermore, it is difficult 
to determine the etiologies of certain vocal disorders with 
subjective assessments tools alone, i.e. perceptual judgment. 
The multidimensional evaluations, considering subjective and 
objective data, are more reliable(6).

The acoustic analysis is performed by recording a voice 
sample using a microphone. Hence, the microphone used to record 
the sound signal can influence in the outcomes of the extracted 
acoustic parameters(7). Thus, proper sound recording is essential 
to guarantee a reliable extraction of acoustic measurements.

For scientific purposes, the voice signal recording should be 
done with a high-quality, unidirectional microphone with high 
impedance and flat frequency response. Such characteristics 
ensure that the acoustic signal is not distorted while picked 
up by the microphone, avoiding that the software mistakenly 
process the acoustic signal. However, such equipment has high 
financial costs. Nowadays, in addition to these equipment’s, most 
of the laboratories pick up the acoustic signal with an external 
sound card(8,9), this reduces the internal noise of the computer 
and the environment noise while standardizing the procedure.

International studies comparing several microphones showed 
different accuracy of acoustic measurements according to the 
microphone type(7,10), which interfere on the discrimination 
of pathological from normal voices(7). However, recent study 
comparing six different models of microphones connected to 
a preamplifier observed little differences between them; in 
addition, a $100 microphone produced the best responses and 
was suggested for clinical use(11).

These mentioned studies used imported high-cost microphones 
that does not represent the reality of most institutions and 
speech language pathology clinics in Brazil. For this reason, 

it is important to perform a study comparing the acoustic 
analysis outcomes using two different microphones that are 
commonly used in Brazilian clinics routine. Thus, influences 
regarding different sound signal pick up will be verified also 
in the Brazilian reality.

Hence, the aim of the present study was to compare acoustic 
measurements of voice recorded by two types of microphones.

METHODS

Study design

Observational, cross-sectional and analytical study design.

Ethical considerations

The present study was approved by the Committee for Ethics 
in Research of the Universidade Estadual do Centro‑Oeste under 
the protocol number 706.335. All subjects agreed to participate 
and signed an informed consent form.

Sample

Participants were recruited in the local community. To select 
the participants, inclusion and exclusion criteria were established. 
Inclusion criteria were: women from 18 to 59 years old; 
absence of vocal complaint and normal voice quality (nearly 
periodic - type 1 signals(12)). Individuals who reported smoking 
and alcoholism were excluded. To apply the selection criteria, 
the participants answered a questionnaire elaborated by the 
researchers, with questions regarding: sociodemographic data, 
general health information and vocal habits. To perform a voice 
quality screening, the voice quality was perceptually judge 
using a visual analog scale. The judge was a voice specialist 
with more than ten years of experience in perceptual judgment 
and did not participate in the data collection. The judge listened 
to the voice and evaluated the overall degree of deviation on a 
visual analogue scale of 100 mm. Voices below the threshold of 
35.5mm(13) were considered normal. Data from the questionnaire 
were used to characterize the sample.

A pilot study was performed to calculate the sample size. 
The estimation method considered the highest standard deviation 
of the difference between the means of the acoustic parameters; 
the highest value was 3.44Hz for the fundamental frequency (F0). 
The significance level was set at 5% and the test power at 80% 
to detect the minimum differences between the microphones 
of 1 Hz. The minimum sample size was 95 participants. Thus, 
the study counted with 103 women, between 18 and 54 years 
old (mean age of 21 years old), without vocal complain and 
with normal voice quality.

Data collection

All procedures were performed by the same speech language 
pathologist in a room with acoustic insulation. Data collection 
was done individually and it lasted between 10-20 minutes 
per subject.
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For the recordings, the participants were comfortably seated 
on a chair with knees bent at 90º angle and feet flat on the floor. 
They were instructed to keep their neck relaxed, without cervical 
inclination and with the chin parallel to the floor.

The individuals were asked to breathe in and phonate the 
sustained vowel /ɛ/ in maximum phonation time at habitual pitch 
and loudness. The acoustic signal was picked up simultaneously 
by two unidirectional microphones: the Shure SM58 cardioid 
vocal microphone for professional use, positioned 3 cm distance 
from the participant’s mouth and the Karsect HT-9 head-mounted 
electret condenser microphone, place at 3 cm distance from the 
mouth and at a 45° microphone-to-mouth angle.

The samples were recorder in a computer using the external 
sound card M-Audio Fast Track C400. The software used was 
the Audacity (GNU GPL™) at stereo audio mode to guarantee 
that the signals of each microphone could be separated from 
the same sample once the recording occurred simultaneously. 
The Audacity program (GNU GPL™) was also used to calibrate 
the recording system. Thus, the level of the recorded signal was 
similar. Samples that eventually presented high saturated levels 
were excluded. For these cases, a new recording was performed. 
Posteriorly, the beginning and the end of the recordings were 
excluded to avoid raise and decay instabilities.

The acoustic analysis was performed on these edited 
vocal samples and extracted using the Voxmetria software 
(CTS Informática™). The measured parameters were F0, Jitter, 
Shimmer and Glottal to Noise Excitation (GNE) ratio.

Data analysis

Descriptive and inferential statistical analysis were performed 
on the outcomes of the acoustic measurements obtained by 
the two microphones. The Shapiro-Wilk test was used to test 
for normal distribution which was obtained only for the F0. 
The inferential analysis of this variable was performed using 
the parametric Paired t-test, the other variables were analyzed 
using the Wilcoxon test. The statistical tests were performed 
using the Statistics software, version 17.0 (Stat Soft Inc. ™) 
and the level of significance was set at 5%.

RESULTS

Recurrent differences between the microphones were observed 
only in Shimmer measurement (p=0.026); the Karsect HT-9 
presented higher values. The outcomes for F0, Jitter and GNE 

ratio were the same for both microphones, the Karsect HT-9 
and the Shure SM58 (Table 1).

DISCUSSION

The type of microphone used to record the acoustic signal 
interferes in further analysis of the vocal parameters. The reason 
for this is the lack of recommendations regarding microphones 
technical specifications for data acquisition in clinical practice 
and research. Thus, findings among different studies are difficult 
to be performed and less reliable(14). Some international studies 
compared the use of different microphones; however, they 
were mostly imported high-cost microphones, that does not 
represent the reality of most institutions and voice clinics 
in Brazil. Commonly, the Karsect HT-9 microphone is used 
among Brazilian professionals because it also provides the 
interface Andrea PureAudio™ USB-SA (Andrea Electronics)
(15-18). International studies commonly use the Shure SM58 
microphone(19-22) coupled with high-quality recording interfaces. 
It is important to obtain scientific evidence to support the use of 
different types of microphones in the Brazilian clinic routine.

No difference was found between the values of F0 obtained 
by the Shure SM58 and the Karsect HT-9 microphones. This 
outcome, along with previous studies(1,23-25), states that F0 is 
one of the most consistent and robust acoustic parameters, 
despite of different recording conditions. The same outcome 
was observed for Jitter, a perturbation measurement, and GNE, 
a noise measurement.

These outcomes from the present research agrees with 
previous study that used synthesized vowels, with altered 
systematically acoustic characteristics, to determine which 
microphones were more reliable in the extraction of vocal 
measures. Using this acoustic signal with known characteristics, 
the authors compared six microphones, including the Shure 
SM58; all microphones presented ​​very similar values to the 
generated acoustical measures(11).

On the other hand, regarding the perturbation measurement 
Shimmer, the results were different between the microphones, 
with higher values ​​in the measurements extracted using the 
Karsect HT-9 microphone when compared to the Shure SM58. 
Shimmer, a short-term amplitude perturbation, is an involuntary 
variability of the waveform amplitude, i.e., it represents 
irregularities in the amplitude of the glottic cycles, from one 
cycle to another(2). Shimmer is not as robust as F0

(1), however 
it has reasonable reliability(6). In addition, the authors from this 

Table 1. Comparison of acoustic measurements of fundamental frequency, Jitter, Shimmer and Glottal to Noise Excitation ratio in phonations 
recorded with the Shure SM58 and the Karsect HT-9

Measure Microphone Mean SD Median Q25 Q75 p-value
F0 Shure SM58 221.900 17.700 221.500 210.570 231.840 0.705

Karsect HT-9 222.000 17.900 221.500 210.570 231.850
Jitter Shure SM58 0.300 0.193 0.200 0.100 0.400 0.181

Karsect HT-9 0.268 0.188 0.200 0.130 0.350
Shimmer Shure SM58 2.595 1.096 2.300 1.790 3.360 0.026*

Karsect HT-9 2.771 1.274 2.500 1.790 3.530
GNE ratio Shure SM58 0.839 0.136 0.900 0.780 0.940 0.112

Karsect HT-9 0.843 0.132 0.900 0.790 0.940
Paired t-test and Wilcoxon test; *Statistically significant results (p<0.05)
Subtitle: SD = standard deviation; Q25 = first quartile; Q75 = third quartile; F0 = fundamental frequency; GNE = Glottal to Noise Excitation
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previous study infer that perturbation measurements are more 
sensitive to different recording conditions(26).

It is noteworthy that in the present study, the median and 
quartile values of Shimmer ​​were within the normal range for 
healthy voices, despite of the microphone used. Thus, the 
interpretation of the values ​​regarding the normality of the 
measurement, considering the Voxmetria software standards, 
would be similar.

A study that compared four different types of microphones 
showed no difference between them for the perturbation measurement 
Jitter, however, Shimmer was different. The authors attributed this 
difference to a combination of microphone frequency response 
and internal noise characteristics. The amplitude perturbation 
measurement relies on the cycle-to-cycle variation of the peak 
value of the glottal pulse, which is susceptible to noise and 
frequency shaping. To reduce this effect on the classification 
of a normal voice parameter, the authors suggested the use of 
an equalization filter to flatten the frequency response of the 
microphones which improved the classification accuracy. Also, 
they advise to combine acoustic parameters to achieve a good 
discrimination between normal and pathological voices, when 
non-professional microphones are used to extract acoustic 
measures(7).

The microphone used for the acoustic signal picked up 
can offer conditions that will contribute to an efficient signal. 
The Shure SM58 has two types of built-in filters below the metal 
part: the rolloff filter, a unidirectional (cardioid) pick up pattern 
that isolates the main sound source while minimizing unwanted 
background noise, and the built-in high frequency spherical filter 
that minimizes wind and breath “pop” noise. The Karsect HT-9 
contains a foam windscreen filter. Thus, difference between 
both filters may have influenced the acoustic signal pick up 
and, consequently, generated different Shimmer values.

Despite the statistical difference, the relevance of these 
results in clinical practice must be considered. Difference in 
only one acoustic parameter are not considered to be clinically 
relevant and do not have enough impact that would suggest 
not to use the Karsect HT-9 microphone; also, the acoustic 
analysis is one dimension of several procedures considered to 
determine a diagnosis(27). In addition, the analysis of perturbations 
measurements is more reliable and, as recommended by the 
literature, should be analyzed with other parameters; moreover, 
the isolated interpretation of these measurements should be 
cautious(7,27).

Still regarding the clinical relevance, the additional noise 
level would be the same for all reevaluations during follow-ups. 
However, the microphones should be used with a high-quality 
interface (M-Audio Fast Track C400), as proposed by the 
present study methodology.

This research recorded normal voices, therefore, further 
studies should be performed to compare different types of vocal 
signals and to investigate any influence that the microphone 
may have in clinical parameters that aim to discriminate normal 
and altered voice qualities. In addition, one of the present study 
limitations was to include only women. Hence, it is necessary 
to perform this research with adult male participants and verify 
if the findings are similar, regardless of the participant gender.

CONCLUSION

The acoustic analysis results extracted from the voice 
recording performed with the Shure SM58 and the Karsect 
HT-9 microphones were similar. Hence, it can be deduced 
that, connected to a high-quality interface, both microphones 
can be used in the acoustic analysis to record the sound signal.
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