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ABSTRACT

This study investigates acoustic characteristics that
distinguish three Urdu accents spoken predominantly in
Punjab: Pothowari, Multani, and Jhangochi. We
examined four spectral moments—center of gravity
(CoG), standard deviation (SD), skewness, and
kurtosis—of the fricative /s/ to identify acoustic
variations between these accents. 1200 /s/ tokens were
annotated from a spontaneous speech corpus, focusing on
10 speakers per accent (5 male, 5 female), with 40 tokens
per speaker. The results reveal distinct ordering of
accents by CoG values, along with notable patterns in
SD, skewness, and kurtosis, offering deeper insight into
accent-based differences. Additionally, our findings
demonstrate gender-specific changes in the energy
trajectories of the fricative within each accent. These
findings contribute to a better understanding of Urdu's
phonetic diversity and have broader implications for
speech processing, sociolinguistics, and practical
applications such as accent recognition in speech
technologies.

Index Terms— fricative, accent, center of gravity,
kurtosis, skewness

1. INTRODUCTION

Urdu is the official language of Pakistan. It is the native
language of about 70 million people and a second
language for more than 100 million people, primarily in
Pakistan and India [1]. Its language diversity reflects the
unique fabric of cultural traditions and historical
influences that dominate the region. The contact between
Urdu and Punjabi is reciprocal in Pakistan, with each
language influencing and being influenced by the other.
Punjabi, an Indo-Aryan language, is spoken globally,
particularly in the province of Punjab, Pakistan, and in
the Indian state of Punjab. It is one of the most widely
spoken native languages in the world with approximately
113 million native speakers [2]. It exhibits diverse
dialects influenced by various geographical regions.
Among these, Multani, Jhangochi, and Pothowari are
prominent variants of Punjabi in Pakistan due to regional
influence. Each accent carries its phonetic characteristics
and sociolinguistic significance. The current study aims

to investigate the variability present within these accents
in the production of /s/.

Many researchers identify the importance of fricative
sounds in accent identification and linguistic variation
[3]-[6]. Most of the studies focused on single language
variety such as Korean [7] and English [8]-[10]. /s/ as one
of the voiceless alveolar fricatives is considered
significant in accent classification [11]. When produced,
the /s/ sound involves turbulent airflow through a narrow
constriction in the vocal tract, resulting in a spectrum of
acoustic features that vary across speakers and accents
[11]. These acoustic properties, including spectral
moments such as the center of gravity (CoG), standard
deviation (SD), skewness, and kurtosis, serve as crucial
markers for differentiating between accents and
understanding the underlying phonetic processes [3], [6].
Previous studies on acoustic gender and accent variation
have reported that female speakers show higher values in
terms of peak frequency and center of gravity [9], [12]-
[15]. Some other studies show that skewness is also
another factor in identifying gender variation [12], [16],
[17]. Among all the fricatives, the most prominent
speakers and accent variations were shown by /s/ [13],
[18]. Additionally, some other studies presented that the
spectral moments show ques of discriminating speakers
in /s/ and /t/ [19].

Recent research has shown that dialectal factors have
a major impact on the acoustic properties of fricatives.
One such study [3] compared the phonological properties
of Athenian and Cypriot Greek. Voiced and voiceless
dental, alveolar, palatal, and velar fricatives from female
speakers of both dialects were the main focus of this
study. It was discovered via spectral moments analysis
that all locations of articulation in the two dialects had
different spectral characteristics for fricatives. These
results highlight the role that dialect plays in influencing
fricatives and offer important new understandings into
the ways in which dialectal information can be encoded
in small changes in speech production.

While previous research on accent variation in Urdu
has primarily focused on segmental features like vowels
and consonants [20], [21], exploring /s/ sound offers a
unique perspective into the intricate nuances of accentual
diversity. Studying how the spectral characteristics of the
/s/ sound vary across Pothowari, Multani, and Jhangochi,
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Pothowari accents can provide valuable insights into the
phonetic landscape of Urdu and shed light on the
complex interplay between language, culture, and
identity.

Furthermore, the influence of gender on accent
variation adds another layer of complexity to the
analysis. Gender-based differences in speech production
have been documented in various languages, with studies
highlighting differences in vocal tract dimensions,
articulatory gestures, and acoustic properties [22], [23].
Investigating how gender interacts with accent variation
in Urdu fricatives can offer deeper insights into the
sociolinguistic dynamics of the region and provide a
more comprehensive understanding of phonetic
variation.

Accent and gender variations in the articulation of the
fricative /s/ in three English accents: London,
Cambridge, and Belfast were observed in [6]. By using
multilevel modeling, the authors reported significant
differences in the dynamic acoustic characteristics of the
alveolar fricative /s/ among accents. They also observed
significant gender differences in the trajectories of
fricative energy metrics within each dialect group. The
study supported the significance of taking a dynamic
approach to sociophonetic acoustic variability in
understanding the interaction of gender and accent in
English fricative realization.

Similarly, an examination of adult speakers of
English found consistency in differentiating between /s/
and /[/ based on spectral mean, but not spectral skewness
[4]. These findings contrasted with group-level data
comparisons, emphasizing the relevance of investigating
individual speech patterns in both theoretical and clinical
research contexts. Examining time history plots across
multiple productions emerges as a viable speakers-
centered analysis tool because of its capacity to capture
dynamic changes and convey both the consistency and
amplitude of the distinction.

Unless of the documented studies, no specific study
regarding the /s/ spectral analysis across different accents
and genders of Urdu spoken in Punjab has been observed.
Our study hypothesizes that spectral analysis of the /s/
sound will uncover the substantial differences across
various accents and genders of Punjabi Urdu.

2. METHODOLOGY
2.1. Data Selection

For the current study, we have used the spontaneous
speech Urdu corpus recorded at different locations in
Punjab Pakistan. Table 1 presents accents and their
respective locations in Punjab, Pakistan. For recordings,
speakers were questioned about different topics in Urdu
related to childhood, favorite food, friends, sports,
hobbies, etc. Demographic information such as age,
gender, region, and native language was also gathered for

each speaker. All audios were recorded on a sampling
rate of 16kHz using USB headsets (HS), hands-free, and
laptop microphone. Data was recorded in both indoor and
outdoor environments. Only HS speakers were used for
the analysis as the speech signal was noise free for HS. 5
males and 5 females from each accent were selected and
40 /s/ tokens of each speaker were extracted. The data
was collected from university students whose ages range
from 18-25 years. Specifically, all speakers were from
middle-class families, and bilingual in Punjabi and Urdu.

Table 1: Accents and their locations

Sr.no Accent Location
1. Multani Multan

2. Pothowari Rawalpindi
3. Jhangochi Jhang

2.2. Data annotation

The first author, an expert linguist, manually annotated
the fricative boundaries in accordance with the rules and
guidelines outlined by Skarnitzl and Machac [24]. The
second author checked the boundaries of the annotated
corpus to maintain consistency and discrepancies were
resolved with discussion. The /s/ boundaries have been
marked very carefully as the spectrogram features have
been analyzed for each speaker. The /s/ tokens having the
strong influence of neighboring consonants or the less
visible /s/ have not been selected. E.g., stops preceded by
/s/ have not been selected as a strong coarticulatory effect
has been observed in this case. As a result, 10 speakers
from each accent and 35 tokens from each speaker were
kept for further analysis.

2.3. Analysis

2.3.1 Spectral moment extraction

We used a Praat script [25] to calculate the four spectral
moments. The script analyzed the middle 80% of the total
duration of the fricative by excluding 10% from each
side. Then the first four spectral moments that correspond
to the CoG, SD, skewness, and kurtosis were calculated
from the fricative spectra. The CoG, also known as the
spectral centroid, measures the average energy
concentration of fricatives. It denotes the average
frequency at which the energy of the fricative sound is
dispersed over the frequency range. SD is a measure of
how far spectral values deviate from the CoG. It
represents the distribution or dispersion of spectral
energy around the spectral centroid. A higher SD
indicates a greater spread of spectral energy, whereas a
smaller SD indicates a more concentrated energy
distribution. Skewness measures the shape of the spectral
distribution. A positive skewness indicates a right-tailed
distribution, which means the right side has a longer tail
than the left. In contrast, a negative skewness indicates a
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left-tailed distribution, with a longer tail on the left side.
The Kurtosis measures the distribution's shape,
indicating how heavy its tails are. A positive kurtosis
indicates that the distribution has heavier tails and a
sharper peak, whereas a negative kurtosis indicates a
flatter distribution with lighter tails. Kurtosis in the
context of fricatives reveals the concentration of energy
around specific frequencies as well as the overall shape
of the spectral envelope.

2.3.2 Statistical analysis

A linear mixed effects analysis was conducted by using
the Ime4 package in R. The CoG, SD, skewness, and
kurtosis were employed in the model as response
variables. The dialect and gender were employed in the
model as fixed factors. Random intercepts for speakers
were added to the models. The values of duration and
intensity were also extracted during analysis but were not
added for statistical analysis as no specific variations
have been observed.

3. RESULTS

3.1. Comparing mean values across genders within
accents

For the female speakers in the Jhangochi accent, the CoG
is approximately 4,463.8 Hz and for male speakers it is
3,833.7 Hz.

For the male speakers in the Jhangochi accent, the CoG
is slightly lower suggesting a shift towards lower
frequencies compared to the female speakers. For the
female speakers, the SD is around 2,178.1 Hz, indicating
a relatively wide spread of frequencies. For the male
speakers, the SD is slightly lower at approximately
1,755.88 Hz, suggesting a narrower spread of frequencies
compared to the female speakers. For the female
speakers, the skewness is approximately -0.61, indicating
a slight skew towards higher frequencies. For the male
speakers, the skewness is slightly less negative at
approximately -0.303, suggesting a less pronounced
skew towards higher frequencies compared to the female
speakers. For the female speakers, the kurtosis is around
-0.01, suggesting a relatively flat distribution of
frequencies. For the male speakers, the kurtosis is notably
higher at approximately 1.34, indicating a more peaked
distribution of frequencies compared to the female
speakers. Table 2 elaborates mean values across genders
and accents.

Table 2: Mean values across genders and accents

Pothow

. 4,913.9
ari

1,304.4 -0.57 3.26 Male

The CoG of the spectrum for the female speakers of
Pothowari, 5322.0, is higher than that of the male
speakers, 4913.9. The SD of the spectral distribution for
the male speakers, 1304.4, is slightly lower than that of
the female speakers, 1423.0. This suggests that the
spectral components of the male speakers' speech may be
more concentrated around the mean compared to the
female speakers. The skewness of the spectral
distribution for the male speakers, -0.57, is closer to zero
compared to that of the female speakers, -1.13, indicating
a more symmetrical distribution of spectral components
for the male speakers. The kurtosis of the spectral
distribution for the male speakers, 3.26, is slightly higher
than that of the female speakers, 2.86, suggesting that the
spectral components of the male speakers' speech may
have heavier tails compared to the female speakers.

For Multani, the mean value for CoG is 4878.8 for
females and 4739.8 for males. This suggests that, on
average, female speakers have a slightly higher COG
value compared to male speakers in the Multani accent.
The mean value for SD is 1447.6 for females and 1605.4
for males. This indicates that, on average, male speakers
have a slightly higher spread or dispersion of spectral
values around the CoG compared to female speakers in
the Multani accent. The skewness value is -0.82 for
females and -0.74 for males. Both values are negative,
indicating a left-tailed distribution of spectral values for
both genders in the Multani accent. However, the
skewness is slightly more pronounced for females
compared to males. The kurtosis value is 3.24 for females
and 2.52 for males. Both values are positive, indicating
that the distribution has heavier tails and a sharper peak.
However, the kurtosis value is slightly higher for females
compared to males in the Multani accent. Overall,
females have higher CoG across all accents.

3.2. Linear mixed model analysis

3.2.1 Gender

To analyze the gender effects, a model was estimated for
each accent. For the model, gender was employed as a
fixed factor and four spectral moments were employed as
response variables. Table 3 presents results from linear
mixed effect models across genders and accents.

Table 3: Comparison of spectral moments across
genders and accents using linear mixed effect models

Accent  CoG SD skew- Kurt- Gender Estima  SE t P
ness osis te value valu
Jhango 44638 2,178.1  -0.61 0.0l  Female e
chi 3,833.7  1,755.8  -0.30 1.34 Male CoG  Jhangochi:F 44286 3968 11.16 0.001
Multan _4,8788 14476  -0.82 324  Female Jhangochi:M  4,410.6 512.1 861  0.001
i 47398 16054 074 252  Male Multani:F 52737 3182 1657 0.001
53220 14230 -1.13 286  Female
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Multani:M 3,727.5 3183 11.71  0.001

Pothowari:F  5,558.5 275.2 20.2 -

Pothowari:M 49134  275.6 17.83 -

SD Jhangochi:F 2,250.6 1583 1421 -

Jhangochi:M  1,943.9 2044  9.51 -

Multani:F 1,778.2  93.56 19.01 -

Multani:M 1,780.3  93.62 19.02 -

Pothowari:F 1,341.5 1222 1097 -

Pothowari:M  1,304.7 1224 10.66 -

skew  Jhangochi:F -0.54 0.26 -2.09  0.04

" JhangochitM 039 033 -1.15 0.2

Multani:F -1.22 0.24 -5.12 0.002

Multani:M -0.14 0.24 -0.60  0.546

Pothowari:F ~ -1.41 0.29 -4.92  0.001

Pothowari:M  -0.57 0.29 -2.00 -

kurto  Jhangochi:F -0.002 0.61 -0.01 09

sis

Jhangochi:M  0.735 0.79 0.93 0.3

Multani:F 2.28 0.71 3.19 0.01

Multani:M 0.43 0.71 0.6 0.54
Pothowari:F ~ 4.97 2.96 1.68 0.1
Pothowari:M  5.36 2.99 1.79 0.1

Significant variations in CoG were found between
male and female speakers within each accent category
(Jhangochi, Multani, and Pothowari). In the Jhangochi
accent, male and female speakers had considerably
different CoG values, with females showing slightly
higher values than males. Similarly, in the Multani
accent, females had much higher CoG levels than males.
The Pothowari accent showed substantial differences,
with females having higher CoG values than males.

There were substantial variations in SD between male
and female speakers within each accent category.
Females had higher SD values than males in the
Jhangochi, Multani, and Pothowari accents, indicating
greater acoustic frequency diversity among female
speakers.

The Multani and Pothowari accents differed
significantly in terms of skewness. In the Multani accent,
females had much higher negative skewness than males,
indicating a more extreme asymmetry in the distribution
of acoustic components among female speakers.
Similarly, in the Pothowari dialect, females had much
larger negative skewness than males.

In terms of kurtosis, the Multani accent showed
considerable variances, with females having significantly
greater kurtosis values than males. This implies a more
pronounced distribution of acoustic traits among female
Multani speakers. Male and female speakers did not
show significant differences in kurtosis in the Jhangochi
and Pothowari dialects.

Overall, the analysis finds considerable gender-
related differences in acoustic across different accents,
with females frequently demonstrating distinct patterns
from males. These findings highlight the importance of

taking gender into account when identifying and
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Figure 1: Gender-based variations across 4 spectral
moments

analyzing accents. Gender based variations are presented
in Figure 1.

3.2.2  Accent

The estimates for CoG SD, skewness, and kurtosis were
analyzed across three different accents: Jhangochi,
Multani, and Pothowari. The results indicate significant
differences in acoustic features between the accents. CoG
showed considerable variances across all three accents.
Pothowari speakers had the highest CoG values, followed
by Multani, and finally Jhangochi. It demonstrates that
speakers of these dialects have different central
tendencies for acoustic frequencies. Furthermore, the
differences were statistically significant, with p-values
less than 0.001 for each comparison. Table 4 presents
results from linear mixed effect models across accents.

Table 4 Comparison of spectral moments across
accents using linear mixed effect models

Estimate SE t P
value value
CoG Pothowari 5,236.4 2743 19.09 0.001

Jhangochi 4,421.0 307.0 14.4 -

Multani 4,500.6 2743 1641 -

SD Pothowari 1,323.2 86.62 1528 -

Jhangochi 2,1349 97.06 22 -

Multani 1,779.4 86.63 20.54 -

skewness Pothowari -1.00 022 485 -
Jhangochi -0.48 025 -1.94 0.05
Multani -0.68 0.22 -3.08 0.002
Kurtosis Pothowari 5.16 1.26 4.088 0.001
Jhangochi 0.28 1.43  0.196 0.8
Multani 1.36 1.26 1.07 0.2

There were considerable disparities in SD among the
accents. Jhangochi speakers had the highest SD values,

Authorized licensed use limited to: UNIV OF ENGINEERING AND TECHNOLOGY LAHORE. Downloaded on December 24,2024 at 05:09:34 UTC from IEEE Xplore. Restrictions apply.



followed by Multani, and finally Pothowari. This
demonstrates differences in the distribution of acoustic
frequencies within each accent group. All accent
comparisons showed statistically significant differences
(p-values < 0.001).

There were substantial variations in skewness
between accents. Pothowari speakers had the largest
negative skewness, followed by Multani and Jhangochi.
This shows that the distribution of acoustic elements
varies asymmetrically among speakers of various
accents. The differences were statistically significant,
with p-values less than 0.05 for all accent comparisons
except Jhangochi vs. Multani.

Kurtosis showed significant differences between
accents. Pothowari speakers exhibited the greatest
kurtosis values, indicating a more peaked distribution of
acoustic characteristics, followed by Multani, and finally
Jhangochi. Pothowari vs. Jhangochi and Pothowari vs.
Multani comparisons showed statistically significant
differences (p-values < 0.001).

In conclusion, the study identifies significant acoustic
characteristics among speakers with various accents.
These findings have implications for identifying accents
and comprehending acoustic diversity among linguistic
varieties. Accent-based variations are presented in Figure
2.

4. DISCUSSION

Significant gender-based variations in the acoustic
features among the accents under study were revealed by
our investigation. Interestingly, all four spectral moments
yielded significant differences between male and female
speakers within each accent group. For instance, there
were notable gender differences in skewness between the
Pothowari and Multani accents, with female speakers
exhibiting greater negative values than male speakers.
Significant gender-based variations in the acoustic
features among the accents under study were revealed by
our investigation. Notably, all four spectral moments—
Center of Gravity (CoG), Standard Deviation (SD),
skewness, and kurtosis—demonstrated substantial
differences between male and female speakers within
each accent group.

The CoG for female speakers across all accents
was generally higher compared to their male
counterparts. For instance, in the Jhangochi accent, the
CoG for female speakers is approximately 4,463.8 Hz,
whereas for male speakers it is 3,833.7 Hz. This higher
CoG value in female speakers suggests a shift towards
higher frequencies, which could be attributed to
anatomical differences such as vocal tract length and
resonance characteristics.

Female speakers exhibited higher SD wvalues,
indicating a wider spread of frequencies. In the Jhangochi
accent, the SD for female speakers is around 2,178.1 Hz,
while for male speakers it is approximately 1,755.88 Hz.
This implies greater variability in frequency distribution

among female speakers, potentially due to differences in

articulatory precision.
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Figure 2: Accent-based variations across 4 spectral moments

Skewness: The skewness for female speakers was
generally more negative, indicating a skew towards
higher frequencies. For instance, in the Pothowari and
Multani accents, female speakers show greater negative
skewness compared to male speakers.

Kurtosis: Female speakers showed lower kurtosis
values compared to males, suggesting a flatter
distribution of frequencies. For example, the kurtosis for
female speakers in Jhangochi is approximately -0.01,
whereas for males it is around 1.34. This difference could
be related to how frequently extreme spectral
components occur in male versus female speech.

All the observed differences may be due to gender-
specific articulatory mechanisms, sociocultural impacts,
or a mix of anatomical and sociolinguistic factors [6].
This result reflects variations in how male and female
speakers’ articulate fricatives and other speech sounds.
The results of this study indicate that gender is a
significant factor in determining the acoustic
characteristics of speech in a variety of linguistic contexts
[22], [23], [26].

In addition to gender-based variations, significant
differences were observed across accents. Pothowari
speakers had the highest CoG values, followed by
Multani, and then Jhangochi. This indicates that speakers
of these accents have different central tendencies for
acoustic frequencies. Pothowari speakers also exhibited
the largest negative skewness and highest kurtosis values,
reflecting a more pronounced and peaked distribution of
acoustic characteristics compared to other accents. These
accent-based differences underscore the importance of
considering linguistic variety in acoustic analyses. The
substantial variations in spectral features across accents
suggest that accent-specific articulatory and acoustic
properties play a crucial role in shaping speech
characteristics.
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6. CONCLUSIONS

In conclusion, our study reveals significant differences
among the Pothowari, Jhangochi, and Multani accents.
Additionally, our statistical analysis revealed notable
gender variations in the acoustic properties of /s/. This
study explores the complex relationship between accent
variation, gender distinction, and acoustic features,
particularly for the fricative /s/, providing insights into
accent identification.

(4]

(7]

9]

Authorized licensed use limited to: UNIV OF ENGINEERING AND TECHNOLOGY LAHORE. Downloaded on December 24,2024 at 05:09:34 UTC from IEEE Xplore. Restrictions apply.

7. REFERENCES

‘Encyclopedia Britannica’. Accessed: Aug. 26, 2024.
[Online]. Available:
https://www.britannica.com/topic/Urdu-language

N. Chohan, ‘Phonemic Description and Codification of
Shahpuri with Reference to Majhi- A Dialect of the
Punjabi Language’, University of Management and
Technology, 2020. [Online]. Available:
https://www.umt.edu.pk/oce/News/PhD-Dissertation

C. Themistocleous, ‘Effects of Two Linguistically
Proximal Varieties on the Spectral and Coarticulatory
Properties of Fricatives: Evidence from Athenian Greek
and Cypriot Greek’, Front. Psychol., vol. 8, p. 1945,
Nov. 2017, doi: 10.3389/fpsyg.2017.01945.

K. L. Haley, E. Seelinger, K. Callahan Mandulak, and
D. J. Zajac, ‘Evaluating the spectral distinction between
sibilant  fricatives through a speakers-centered
approach’, Journal of Phonetics, vol. 38, no. 4, pp. 548—
554, Oct. 2010, doi: 10.1016/j.wocn.2010.07.006.

V. Kharlamov, D. Brenner, and B. V. Tucker,
‘Examining the effect of high-frequency information on
the classification of conversationally produced English
fricatives’, The Journal of the Acoustical Society of
America, vol. 154, no. 3, pp. 1896-1902, Sep. 2023, doi:
10.1121/10.0021067.

R. Adams and C. Graham, ‘An Acoustic Analysis of
Fricative Variation in Three Accents of English’, Aug.
2023, pp. 2593-2597. doi: 10.21437/Interspeech.2023-
2020.

T. Cho, S.-A. Jun, and P. Ladefoged, ‘Acoustic and
aerodynamic correlates of Korean stops and fricatives’,
Journal of Phonetics, vol. 30, pp. 193-228, Apr. 2002,
doi: 10.1006/jpho.2001.0153.

K. Iskarous, C. H. Shadle, and M. 1. Proctor,
‘Articulatory—acoustic kinematics: The production of
American English /s/’, The Journal of the Acoustical
Society of America, vol. 129, no. 2, Art. no. 2, Feb. 2011,
doi: 10.1121/1.3514537.

A. Jongman, R. Wayland, and S. Wong, ‘Acoustic
characteristics of English fricatives’, The Journal of the
Acoustical Society of America, vol. 108, no. 3, Art. no.
3, Sep. 2000, doi: 10.1121/1.1288413.

M. Tabain, ‘Non-Sibilant Fricatives in English: Spectral
Information above 10 kHz’, Phonetica, vol. 55, no. 3,
Art. no. 3, Sep. 1998, doi: 10.1159/000028427.

M. Jones and K. McDougall, ‘The acoustic character of
fricated /t /i n Australian English: A comparison with /s
/a nd /S°, Journal of the International Phonetic
Association, vol. 39, Dec. 2009, doi:
10.1017/S0025100309990132.

[12]

[13]

[14]

[15]

[20]

[21]

[22]

[23]

P. Flipsen, L. Shriberg, G. Weismer, H. Karlsson, and J.
McSweeny, ‘Acoustic Characteristics of /s/ in
Adolescents’, J Speech Lang Hear Res, vol. 42, no. 3,
Art. no. 3, Jun. 1999, doi: 10.1044/jslhr.4203.663.

M. Gordon, P. Barthmaier, and K. Sands, ‘A cross-
linguistic acoustic study of voiceless fricatives’, Journal
of the International Phonetic Association, vol. 32, pp.
141-174, Dec. 2002, doi:
10.1017/S0025100302001020.

A. Kochetov, ‘The role of social factors in the dynamics
of sound change: A case study of a Russian dialect’,
Lang. Var. Change, vol. 18, no. 01, Art. no. 01, Mar.
2006, doi: 10.1017/S0954394506060030.

R. S. Newman, S. A. Clouse, and J. L. Burnham, ‘The
perceptual consequences of within-talker variability in
fricative production’, J Acoust Soc Am, vol. 109, no. 3,
Art. no. 3, Mar. 2001, doi: 10.1121/1.1348009.

B. Munson, E. C. McDonald, N. L. DeBoe, and A. R.
White, ‘The acoustic and perceptual bases of judgments
of women and men’s sexual orientation from read
speech’, Journal of Phonetics, vol. 34, no. 2, Art. no. 2,
Apr. 2006, doi: 10.1016/j.wocn.2005.05.003.

J. Stuart-Smith, ‘Empirical evidence for gendered
speech production: /s/ in Glaswegian’, Laboratory
Phonology, vol. 9, Jan. 2007.

C. Kavanagh, ‘Intra- and inter-speakers variability in
acoustic properties of English /s/’, 2012.

C. Schindler and C. Draxler, ‘Using spectral moments as
a speakers specific feature in nasals and fricatives’, in
Interspeech 2013, ISCA, Aug. 2013, pp. 2793-2796.
doi: 10.21437/Interspeech.2013-639.

M. Farooq, ‘An Acoustic Phonetic Study of Six Accents
of Urdu in Pakistan’, thesis, University of Management
and Technology, 2014.

Q. Hussain, M. Proctor, M. Harvey, and K. Demuth,
‘Acoustic characteristics of Punjabi retroflex and dental
stops’, The Journal of the Acoustical Society of America,
vol. 141, no. 6, Art. no. 6, Jun. 2017, doi:
10.1121/1.4984595.

E. Levon, M. Maegaard, and N. Pharao, ‘Introduction:
Tracing the origin of /s/ variation’, Linguistics, vol. 55,
no. 5, Jan. 2017, doi: 10.1515/ling-2017-0016.

F. Li, ‘The development of gender-specific patterns in
the production of voiceless sibilant fricatives in
Mandarin Chinese’, Linguistics, vol. 55, no. 5, pp. 1021—
1044, Sep. 2017, doi: 10.1515/1ing-2017-0019.

R. Skarnitzl and P. Macha¢, ‘Principles of Phonetic
Segmentation’, Phonetica, vol. 68, no. 3, Art. no. 3,
Nov. 2011, doi: 10.1159/000331902.

‘Praat scripts - Christian DiCanio’. Accessed: Aug. 29,
2024. [Online]. Available:
https://www.acsu.buffalo.edu/~cdicanio/scripts.html

K. M. Heffernan, Phonetic distinctiveness as a
sociolinguistic variable. Ottawa: Library and Archives
Canada = Bibliotheque et Archives Canada, 2009.



