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Abstract Objective: The Long-Term Average Spectrum (LTAS) of voice is a functional method used to discriminate
various voice qualities. In this study, the voice quality characteristics of Turkish female and male speakers
were examined and compared through voice spectra created with LTAS.

Material and Methods: 30 male and 30 female speakers with typical voices, aged 18 to 50, were required
to read a text at a habitual pitch and loudness. The recorded speech samples were used to create voice
spectra containing 75 bands with a bandwidth of 160 Hz and covering the range from 0 to 12 kHz. The
spectral tilt (ST) of the voice spectra was also compared between the sexes.

Results: Multiple comparisons revealed that there were significant intensity differences between sexes at
the band regions of 0-160 Hz, 160-320 Hz, 640-960 Hz, 2880-3040, 4000-5120 Hz where females had higher
intensities than males except for the band of 0-160 Hz. STs of females were found to be significantly lower
than those of males.

Conclusion: All significant band differences between the sexes were below 6 kHz, and both sexes had
a rather flat-spectrum above 6 kHz. Females had significantly higher intensities around the region of
2880-3040 Hz, because of aspiration noise caused by the possible posterior glottal gap during phonation.
Females had shallower STs than males, indicating that females had greater hyperfunctional voice quality.
The voice spectrum characteristics of Turkish speakers were compared with those of other studies and
found more similarities with Spanish than Persian.
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INTRODUCTION

Acoustic analyses of voice have been used to understand
voice quality variations, including normal and abnormal
voices. The voice spectrum or measures of spectral shape is
one of the acoustic measures of the vocal function (1). The
voice spectrum was shown to reflect the characteristics of
the voice that are specific to the sex of the speaker (2, 3).
The anatomical and physiological differences between sexes
create these characteristic features, such as the longer vocal
fold length of males, which is the primary factor for the
lower mean fundamental frequencies and the higher source
strength than females (4, 5). However, the smaller larynx size,
shorter vocal fold length and thinner vocal fold thickness
result in the female voice radiating at higher frequencies
(4). The voice spectra of females are generally found to
contain characteristic features of more breathy phonation
than those of males, although it should also be noted that
there may be individual differences (2). Breathy voice spectra
include a strong fundamental component, an aspiration
noise component that replaces the energy of the harmonic
components at high frequencies (around third formant
region) and wider bandwidths for the first formant region (6). It
is assumed that one of the anatomical or physiological causes
of breathiness is the higher incidence of the posterior glottal
chink - meaning a posterior gap during phonation, and it is
observed at a higher rate in females than in males (2, 6).

LTAS, which is an acronym for Long Term Average Spectrum,
is an acoustic analysis method and is frequently used to
analyse voice source spectra in several languages (7-11). LTAS
is based on constructing an average spectrum by averaging
short-term spectra taken repeatedly from a long-time speech
sample. When the duration of the speech sample is long
enough (about 30-40 seconds), the direct and instant effect
of the vocal tract on the voice source spectrum is eliminated
(7,12).

Lofgvist and Mandersson claimed that unvoiced speech
segments could distort the voice spectrum (12). Based on
this proposal, various studies have filtered out the unvoiced
speech segments in their LTAS analysis for voice spectrum
research (11, 13-18), while other studies have kept unvoiced
speech segments in their LTAS analyses, but this time for
speech spectrum research (19-23). If the purpose of a study is
voice spectrum analysis, then the unvoiced speech segments
such as noises of fricatives and affricatives and bursts of
plosives should be removed from the recordings. Lofgvist
and Mandersson stated that the duration of the only voiced
portion of the speech signal is roughly half of the actual
speech signal including pauses and unvoiced segments (12).
Lofqvist and Mandersson presented only voiced portions of
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the recordings that were around 20 seconds in duration
and halved the analysis time and found virtually no effect.
However, when the duration of the analysis was one-third
of the original signal, the variations occurred between the
measurements.

Pittam calls on researchers to consider the LTAS on a
“macroacoustic” level, as spectral movements are represented
on a rather gross scale (24). The spectrum obtained because
of LTAS shows a range of sound energy alterations from
low frequencies to high frequencies. The spectrum shape is
usually defined by spectral moments such as the spectral
mean (centre of gravity) showing the amplitude of the centre
of the spectrum, the spectral standard deviation showing the
degree of deviation of the frequencies from the spectral mean,
the spectral skewness showing the degree of the sound energy
below the spectral mean, and the spectral kurtosis showing
the asymmetry of the sound energy distribution around
the spectral mean. It has been observed that the spectra
created because of the LTAS procedure contain descriptive
information about the voice source qualities (7). Tanner et
al. researched various spectral moments of LTAS and found
that the spectral mean and spectral standard deviation of
the average spectra were significantly affected by the voice
quality changes due to voice therapy (25). Lowell et al. showed
moderate to strong correlations between the spectral mean,
skewness and kurtosis of LTAS and overall voice severities (13).
These studies, along with other studies, show that the LTAS
has spectral features that are sensitive to the changes in voice
qualities (8, 26). In addition to the spectral properties, various
parameters were derived from the LTAS to analyse different
voice qualities (12, 27). The alpha ratio, measured from the
ratio of the energies of the LTAS between 0-1 kHz to 1-5
kHz, has been found to be associated with hyper-functional
or hypo-functional voice source characteristics (12). The term
alpharatio can also be defined as the level difference between
the bands of 0-1 kHz to 1-5 kHz, which refers to the spectral
tilt (14, 15). A high spectral tilt or low alpha ratio indicates that
the energy at the low-frequency band of 0-1 kHz is relatively
greater than that at high frequencies, and this is correlated
with the spectral features of a hypofunctional voice source.

Mendoza et al. analysed the voice quality differences between
males and females using the method of LTAS for Spanish
(9). The intensities of the female spectra were found to be
significantly higher at the frequency bands of 640-960 Hz,
2720-3040 Hz and 4000-4960 Hz than the male spectra. These
significant differences also resulted in a lower spectral tilt
(shallower spectrum) for the spectra of females, indicating
a more hyperfunctional voice source (9). It was stated in
the study of Mendoza et al. that the significant difference
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between sexes at the frequency band of 2720-3040 Hz was
the result of aspiration noise, which was shown in the study
of Klatt and Klatt that aspiration noise could be around
the third formant region (2, 9). Moradi et al. performed a
similar research for Persian and found that the intensities
of the female voice spectra were significantly higher than
those of the males at the bands of 800-960 Hz, 3200-
3840 Hz and 5760-5920 Hz, while these significant differences
were interpreted as being a more breathy voice source for
females (28). Smith and Goberman analysed the differences
in voice quality between individuals with Parkinson’s disease
and controls with LTAS and found that females had lower
ST values than males within both groups (16). Leino et al.
compared the voice spectrum of Finnish university students
with the LTAS (29). The intensities of the males’ spectra were
found to be significantly higher than those of the females
at 3-4 kHz, while the intensities of the females' spectra
were significantly higher than those of the males at 4-5 kHz,
where the greatest differences were seen. Leino et al. divided
the voices of students into non-pathological breathy and
pressed phonation qualities. Although there were significant
differences in spectral comparisons below 5 kHz, there was no
significant difference at 3-4 kHz between the females having
breathy and pressed phonation qualities (29). While there was
a significant difference between the male voices labelled as
breathy and pressed at 3-4 kHz, the absence of this significant
difference between female voices labelled as breathy and
pressed was not explained in the study of Leino et al. (29).
However, it is suggested that this frequency band of 3-4 kHz is
related to the aspiration noise caused by a breathy phonation,
and it can be seen that the effect of aspiration noise around
3-4 kHz does not depend on whether the phonation is more
breathy or more pressed for females (2).

Because of the sex effect on the voice spectrum, various
other factors such as age, loudness and language have had
to be controlled in relation to the factor of sex (10, 17,
30). Linville showed that the spectra of elderly females had
significantly higher intensities around 6-7 kHz than those of
young females (10). Nordenberg and Sundberg showed that
an increase in the loudness of the voice resulted in greater
gains for females than for males (30). Ng et al. researched the
voice spectrum of Cantonese-English bilingual speakers and
showed that females have been found to have lower mean
spectral tilts than males, and this difference was greater when
using Cantonese (17). LTAS analysis of voice quality has shown
that the differences between females and males were affected
by the language spoken (18, 31).

In this study, we aimed to analyse the effect of sex on the
voice spectrum of Turkish speakers using the LTAS method.
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The findings of this study were compared with the findings
of other studies regarding the female and male voice spectra
of various languages. The results of this study could make a
valuable contribution to the knowledge on the Turkish voice
spectrum.

MATERIAL AND METHODS

Subjects

Monolingual Turkish speakers between the ages of 18
to 50 without any speech and language disorders were
included in this study. Subjects underwent an examination
of anterior rhinoscopy, oropharynx and otoscopy by an
otorhinolaryngologist. The inclusion criteria included being a
non-smoker, being healthy on the day of the recording, not
having a neurological disorder or pulmonary disease, and
not taking medication for gastroesophageal reflux disease. In
addition, the criteria of not being a professional voice user,
not having received training on voice, and having no dialectal
differences were also applied to the subjects. A total of 66
subjects were recruited from the population of Izmir, Turkey,
and 6 subjects were excluded due to high age, bilingualism, or
speech impairment. The speech recordings of the remaining
60 subjects (30 male with a mean age of 36.1; 30 female with
a mean age of 37.2) were analysed in the study. One subject
included in the study had an upper respiratory tract infection
within 2 weeks but was examined to be healthy on the day
of the recording. One subject underwent septal surgery for
nasal septal deviation and another subject underwent concha
reduction surgery, and these two subjects were included in the
study. The age of the subjects was analysed for an effect on
the voice spectrum at the limitations part of the study and no
significant effect was noted. All participants were required to
read and sign the research participant consent form, and this
study was approved by the ethical comity of Health Sciences
University Izmir Tepecik Training and Research Hospital (Date:
07.03.2017, No: 13).

Voice recordings

Voice recordings were made with a Samson Go Portable USB
condenser microphone and a MacBook Pro laptop in the
silent audiometric booth. The cardioid microphone had a flat
frequency response between 200 Hz and 12 kHz within 2 dB.
The mouth-to-microphone distance was set to 20 centimetres
(between the 4 to 18 inches advised range for the microphone)
and the azimuth angle was set to 45 degrees. Voice recordings
without any popping sound were sampled at 44100 Hz and
a 16-bit rate. Since there was still no phonetically balanced
text in Turkish at the time of the research, another text in
which all speech sounds were distributed evenly was used.

The Turkish Journal of Ear Nose and Throat, 35 (2): 71-79




The subjects were asked to read the text containing 149 words
at a habitual pitch and loudness. The reading duration of the
text was approximately 70 seconds.

Acoustic analysis

Speech recordings were high-pass filtered at 50 Hz (with a
10 Hz smoothing factor beginning from 40 Hz) to eliminate
any possible low-frequency noise components (32). A 40-
second long speech segment was cut out from the middle
of the recordings. Breathing-in noises and any silent regions
were cut out from the recordings because these parts did
not provide direct information about phonation. After this
edit, the mean duration was approximately 32 seconds.
This duration was sufficient for reliable analysis because
measurements of speech spectra became stable over speech
of approximately 30 seconds or longer (33).

This study focused on the voice spectrum analysis so that
the unvoiced speech segments such as noises of fricatives
and affricatives and bursts of plosives were removed from
the recordings. Voiced fricatives and affricatives were also
removed from the recordings because these speech sounds
contain the aperiodic sounds produced at the articulators as
well as the periodic sound of phonation, and this noise can
distort the acoustic information on phonation. This procedure
was performed manually by two acoustic analysis experts
by searching for the aperiodic waveforms in the recordings,
cross-checking from spectrograms, listening to each speech
segment before filtering out and cutting the segments at zero
crossings without causing any artefacts. The LTAS produced
from the recordings containing only the voiced speech
segments and not containing articulator-produced noise were
labelled as “LTAS". After the final editing of the recordings, the
mean duration of only the voiced segments was 22 seconds.
This duration was consistent with the duration values given
in the procedure of Lofqvist and Mandersson, who stated that
the duration of the only voiced portion of the speech signal
was roughly half of the actual speech signal, including pauses
and unvoiced segments (12).

LTAS between 0 and 12 kHz with bands having a 160 Hz
bandwidth was generated from the spectra obtained through
Fast Fourier Transformation (FFT) of the recordings. The
bandwidth of 160 Hz has been used in various research so this
bandwidth was used in this study as it would be more effective
in comparing the data with other studies (9-11,28). The highest
frequency was accepted as 12 kHz because it has been shown
that high frequencies have a functional role in the perception
of the quality of voice (34).

The effect of intensity on LTAS was researched and it was
found that this effect has variations by sexes (30). In this study,
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the recordings were performed by subjects using the habitual
loudness and pitch of their daily voice, and thus voice spectra
representing their habitual voices were obtained. However,
the subjects used different vocal intensities while recording
their speech. In this case, the effect of sound intensity must
be normalised in order to reliably compare the voice spectra.
The LTAS were normalised by placing the interval with the
highest energy at 0 dB and the other intervals at negative
values accordingly (35). After normalisation, mean intensities
of the 75 bands measured for males and females were
represented graphically and all LTAS bands were statistically
compared between sexes. This normalisation procedure has
been used in various research (8, 12,28), and the study of Leino
stated that speakers can be compared to each other with
this normalisation regardless of the absolute Leq (equivalent
sound level) values of the samples (8). All the acoustic
analyses were done with Praat software (36).

Measurements

LTAS consisted of 75 bands with a bandwidth of 160 Hz. In order
to measure ST with an exact cutoff frequency of 1 kHz, which
indicates the energy difference between 0-1and 1-5 kHz, high-
pass filtered spectra from FFTs were also converted to 1-to-1
LTAS without bands. This parameter was measured from all the
1-to-1 LTAS created.

Reliability for the voices of the subjects

Auditory perceptual evaluation of the subjects’ voices
was performed by a speech-language pathologist and an
otorhinolaryngologist using GRBAS, an acronym for Grade,
Roughness, Breathiness, Asthenia, and Strain, and none of the
voices were rated 1 or higher (37).

The voices of the subjects were also evaluated using
an objective method based on the acoustics analysis of
continuous speech. The smoothed cepstral peak prominence
(CPPS) is an acoustic marker for the periodicity of an acoustic
signal and is used to measure voice quality (38). In a meta-
analysis for the acoustic measurement of voice quality, CPPS
was shown to be the only acoustic metric that provided
sufficient validity in both sustained vowel and continuous
speech (39). The recorded first sentences of the text of all
subjects were analysed with Praat software according to the
protocol of Maryn and Weenink (38). The mean CPPS in this
study was measured to be 10.62 dB (standard deviation of 1.31
dB) for females and 10.07 dB (standard deviation of 142 dB)
for males. These values were found to be in accordance with
the normative CPPS values in the study of Buckley et al,, which
used the same protocol for CPPS measurement (40). The CPPS
values of females in this study were also found to be similar
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to the CPPS values of healthy female teachers in the study of
Phadke et al., which used the same measurement protocol for
CPPS (41). Auditory perceptual and objective acoustic analyses
both confirmed that the subjects in this study had typical
voices.

Reliability for the editing of recordings

Filtering out the unvoiced speech segments from the
recordings for the analysis of LTAS was a critical editing step.
Manual editing of 20% of the 60 voice samples was re-done
by the same author, and the durations of the edited voice
samples were used for reliability analysis as in the study of
Goberman and Robb (42). Intra-rater reliability was checked
with Pearson correlation and was found to be 0.957 (p<0.01),
while the ratio of mean duration difference between the
edited and re-edited samples was found to be 2.9%. The same
12 voice samples were edited by the third author and the inter-
rater reliability was found to be 0.983 (p<0.01), while the ratio
of the mean duration difference between the edited and re-
edited samples was found to be %3.7. Both correlations were
significant at the 2-tailed 0.01 level.

Since the durations of the edited voice samples might not
be sufficient for reliability, the intensities of the LTAS bands
were also analysed for intra- and inter-rater reliability. The
intensities of the LTAS bands were checked with Pearson
correlation, and the product-moment correlation was found
to be between 1.000 and 0.999 for intra-rating and inter-rating
(p<0.01). The mean band intensity difference was found to be
0181 dB for the intra-rating and 0.308 dB for the inter-rating.
These analyses showed that the manual editing of recordings
was effective and had high reliability.

Statistical analysis

The effect of sex on the LTAS band intensities was analysed
with repeated measures ANOVA. All statistical analyses were
performed with IBM SPSS Statistics for Windows, Version 24.0
(IBM Corp., Armonk, NY, USA).

The intensities of the 75 bands in the LTAS of 60 participants
were compared between sexes. A strict Bonferroni correction
(p<0.00067 was accepted for these repeated comparisons
while p was noted as appropriate elsewhere) was used to
eliminate false positives because of multiple tests. These
comparisons were made with the independent samples t-test,
but when even one of the group variables was not normally
distributed, Mann-Whitney U test was used.

RESULTS

Because of the full factorial repeated measures ANOVA, a
significant interaction effect was found between the LTAS
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Table 1. The descriptive statistics of ST for LTAS and statistical comparison
result by sex

Parameter Sex Mean Median SD Test p
(dB) (dB) (dB) value
ST Female -17.3 -181 3.0 U=312 0.041*
Male -19.9 -19.6 L4

ST: Spectral Tilt, LTAS: Long-Term Average Spectrum, dB: Decibel, SD:
Standard Deviation, U: Mann-Whitney U Test

bands and the sex of the speaker (F(74,4292)=8115, p=0.000).
This indicates that the LTAS band intensities of different
frequencies differed in females and males, and these bands
were explored with multiple comparisons. However, the
overall effect of sex on the LTAS bands from 0 to 12 kHz was
found to be non-significant (F(1,58)=2.288, p=0.136).

The multiple band comparison analysis showed that there
were significant intensity differences between female and
male voices at the LTAS band regions of 0-160 Hz, 160-
320 Hz, 640-960 Hz, 2880-3040, and 4000-5120 Hz (Figure 1).
Female voice intensities were higher than males’ at all those
significant bands except for the 0-160 Hz where male voice
intensity was found to be higher. It was found that the STs
of female LTAS were significantly lower than those of males,
meaning that the STs of females were shallower (Table 1).

The mean speaking fundamental frequency was measured
from the recordings for both sexes and was found to be 129.3
Hz for males and 218.7 Hz for females.

DISCUSSION

Analysing voice source characteristics of Turkish female and
male speakers at a “macro acoustic” level was possible with
LTAS, and at this level the frequency region of 6-12 kHz was
clearly separated from the region of 0-6 kHz because 6-
12 kHz had a rather flat spectrum (24). Sergeant and Welch
suggested that the maturation effect may have played a role
in the formation of this difference, and according to this
maturation effect, the intensities of the frequencies below
5.75 kHz increased relative to the upper frequencies through
the maturation of children from 4 to 11 years old (43, 44).
Although this study found that the effect of sex factor on voice
spectrums was not significant, all significant band differences
between sexes were found to be below 6 kHz. The finding that
the band intensities of females and males were more similar
above around 6-12 kHz, may have caused the sex factor to be
non-significant.

It was only at the band of 0-160 Hz that the LTAS band intensity
of male voices was found to be significantly higher than that of
females. This band region was dominated by the fundamental
frequency of males (mean 129.3 Hz), and this situation was
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Figure 1. LTAS graphs showing the average intensity values of the female and male groups
LTAS: Long-Term Average Spectrum, dB: Decibel, Hz: Hertz

reversed at the band of 160-320 Hz because the fundamental
frequency of females (mean 218.7 Hz) became dominant in
this band. The mean intensity values of female LTAS were
significantly higher than that of males at the band regions
of 640-960 Hz, 2880-3040 and 4000-5120 Hz. As a result of
these significant differences, the STs of the females were
significantly lower than those of the males, which meant that
the voice spectrum of the females had higher intensities in
the frequency region of 1-5 kHz relative to 0-1kHz. A shallower
ST was associated with a more hyperfunctional voice source
characteristic, and it was physiologically explained with a
faster closing time of vocal folds in relation to the open time
(12, 14, 15). As a result, the females in this study were found to
have a more hyperfunctional voice source characteristic than
the males. A similar result was found by Mendoza et al. for
Spanish, by Smith and Goberman for American English, and
by Ng et al. for Cantonese that females had significantly lower
STs than males (9, 16, 17).

In this study, it was observed that females had significantly
higher intensity than males around the region of 3 kHz (third
formant region), as in the study of Mendoza et al. (9). Mendoza
et al. reported that the higher intensity for females around the
third formant region may be related to the aspiration noise
found in breathy voice quality, as shown in the study of Klatt
and Klatt, and this relationship was related to the presence of
a posterior glottal gap during phonation (2, 9). Thus, Turkish
females having an aspiration noise around the third formant
region were associated with a more breathy voice, possibly
resulting from a posterior glottal gap. Therefore, it could
be argued that the effects of breathy voice quality differed
between females and males in certain frequency regions.
However, caution should always be taken when analysing LTAS

measurements, as LTAS does not differentiate between the
harmonic and inharmonic components in the voice source
(12).

When the LTAS of males were separately analysed, a common
local peak was found at around 3.5 kHz, unlike females. It
has been observed that this peak seen in the males was
in good agreement with one of the typical voice features of
males so called “the actor’'s formant” or so called “speaker’s
formant” (8, 46-48) found in the frequency region of 3-4 kHz. In
this study, the peak at 3.5 kHz could be expressed as one of the
distinctive voice spectrum characteristics of male speakers,
different from female speakers.

There were differences between females and males in terms of
LTAS between the frequency region of 6-12 kHz, although not
significantly. As stated by Shoji et al,, the harmonic component
in the high-frequency region was lowered and replaced by the
aspiration noise produced at the glottis, and thus the energy
decrease level at high frequencies was not similar to the
dampening of the intensities in the low formant-frequency
regions (49). Consistent with Shoji et al,, in this study both LTAS
of females and males presented a rather flat-spectrum around
6 kHz and above (49). While it was found that sex-specific
characteristics in the voice were seen even above 10 kHz (49),
Monson et al. found that male speech had higher intensities
between around 5-8 kHz, but then voice intensities of females
surpassed males’ after 8 kHz and this difference became
significant above 11 kHz (32). Similar to the findings of Monson
et al,, in this study the glottal aspiration noise component in
the voice spectrum above around 6 kHz increased for both
sexes, and the mean glottal aspiration noise components of
Turkish female voices were generally higher than those of
males above 9 kHz (32).
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It has been observed that the differences between the voice
spectra of females and males vary according to the language.
While it was found in Spanish that the intensities of the female
LTAS bands were significantly higher than those of the males
between 4 and 5 kHz, a similar outcome of this study was also
valid for Turkish (9). However, significant sex differences for
Persian were not found between 4 and 5 kHz but were found
between 3 and 4 kHz where the intensity of female LTAS bands
were significantly higher than that of males’ (28). In addition,
frequency regions below 3 kHz where females had significantly
higher mean intensity values than males were found for
both Spanish and Turkish, and the regions 640-960 Hz and
2880-3040 Hz were common to both languages. However, the
opposite of this situation was observed for Persian and it
was seen that the mean LTAS band intensity values of males
were higher than those of females below 3 kHz. Although the
spectral tilt was not measured for Persian, it was found that
the males were significantly higher than the females in the
spectral tilt values measured for the languages of Turkish and
Spanish (9, 28). In this respect, the sex effect on the voice
spectrum of Turkish was similar to its effect on Spanish rather
than its effect on Persian. Here, the language effect might have
also manifested itself on variations in the voice spectra of
speakers for different languages, because in various studies
on bilinguals, voice spectra were analysed and a significant
language effect on voice spectra was found (17, 18, 31). Another
factor that might affect the voice spectra similarities between
languages is the variation in the intonation. The effect of
intonation on the voice source has been shown to have a
complex mechanism in relation to the subglottal pressure and
open quotient of vocal fold vibration, but more studies are
needed to understand the effect of intonation on the voice
source (50).

Lastly, this study analysed the Turkish voice spectrum while
Yuksel and Gunduz analysed the Turkish speech spectrum
and included unvoiced speech segments in the LTAS analyses
(22). Yiksel and Giindiz found significant differences between
sexes at the frequency bands of 62.5-125 Hz, 625-1125 Hz, 2875~
3125 Hz, 4125-4625 Hz and 7375-7500 Hz (22). The significant
differences between LTAS bands seen in the study of Yuksel
and Gunduz and this study were mostly similar below 4.5 kHz
as unvoiced speech segments were found to mostly affect the
spectrum above 4-5 kHz (12, 22, 30). Because of this effect,
no significant differences were found between the spectral
tilt values of females and males in the study of Yuksel and
GUndiz (22). However, the spectral tilt of the voice spectrum of
females and males in this study were found to be significantly
different from each other, and the female voice spectrum was
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shown to have the features of a more hyperfunctional voice
source characteristics than males.

Limitations of the study

The age range of the participants in this study was 18-50
years and the shown effect of age on LTAS band intensities
(10, 11) was considered as a limitation for this study. The age
effect might have compromised the analyses of sex. Three
age groups of 18-34 years (11 male, 9 female), 35-39 years (9
male, 9 female) and 40-50 years (10 male, 12 female) were
formed and analysed by a full factorial repeated measures
ANOVA as age and sex were the factors. The effect of age
on the LTAS band intensities was found to be non-significant
(F(2,54)=0.648, p=0.527). The interaction between the effects
of age and sex (F(2,54)=1132, p=0.330) was also found to be
non-significant. Lastly, the interaction effect between the LTAS
bands and age was also non-significant (F(148,3996)=0.662,
p=0.520) which indicated the intensities of different LTAS
bands were similar between females and males. Through
these analyses, the effect of age on the intensities of the LTAS
bands was presumed to be at a minimum level.

CONCLUSION

This study analysed voice spectrum of Turkish female and
male speakers using the LTAS method. All significant band
differences between sexes were found to be below 6 kHz, and
both sexes had a rather flat-spectrum above 6 kHz. Females
had significantly higher intensities than males around the
regions of 640-960 Hz, 2880-3040, and 4000-5120 Hz. These
significant differences caused females to have shallower STs
than males, indicating greater hyperfunctional voice quality
in females. The significant difference in the 2880-3040 Hz
region is considered due to aspiration noise occurring during
phonation, and this noise is likely due to the posterior glottal
gap in females. Finally, the voice spectrum characteristics of
Turkish speakers were compared with those of other studies
and more similarities were found with Spanish than Persian.
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