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Several studies have explored the acoustic structure of fricatives, yet there has been very

little acoustic research on the effects of dialects on the production of fricatives. This article

investigates the effects of two linguistically proximal Modern Greek dialects, Athenian

Greek and Cypriot Greek on the temporal, spectral, and coarticulatory properties of

fricatives and aims to determine the acoustic properties that convey information about

these two dialects. Productions of voiced and voiceless labiodental, dental, alveolar,

palatal, and velar fricatives were extracted from a speaking task from typically speaking

female adult speakers (25 Cypriot Greek and 20 Athenian Greek speakers). Measures

weremade of spectral properties, using a spectral moments analysis. The formants of the

following vowel were measured and second degree polynomials of the formant contours

were calculated. The findings showed that Athenian Greek and Cypriot Greek fricatives

differ in all spectral properties across all places of articulation. Also, the co-articulatory

effects of fricatives on following vowel were different depending on the dialect. Duration,

spectral moments, and the starting frequencies of F1, F2, F3, and F4 contributed the

most to the classification of dialect. These findings provide a solid evidence base for the

manifestation of dialectal information in the acoustic structure of fricatives.

Keywords: spectral variation, spectral moments, coarticulation, fricatives, consonants, speech production,

Athenian Greek, Cypriot Greek

1. INTRODUCTION

During the last few decades, there has been a surge of interest on the acoustic properties of fricative
consonants. Fricatives are sounds characterized by complex production patterns that result in
different acoustic spectral shapes (Ladefoged andMaddieson, 1996; Iskarous et al., 2011). However,
the effects of dialects on fricatives’ acoustic productions are poorly understood (see for a discussion
Thomas, 2013, p. 116). Earlier research determined how linguistic categories, such as the place of
articulation and voicing shape the spectral properties of fricatives (e.g., Hughes and Halle, 1956;
Nittrouer et al., 1989; Baum and McNutt, 1990; Ladefoged and Maddieson, 1996; Jongman et al.,
2000; Fox andNissen, 2005; Shadle, 2010; Iskarous et al., 2011; Koenig et al., 2013), yet most of these
findings are based on acoustic evidence from a single language variety (e.g., for Korean fricatives see
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Themistocleous Greek Fricatives

FIGURE 6 | Means and SD of the polynomial coefficients of the vowel formants of /a/, preceded by the unstressed voiced alveolar, dental, labiodental, and velar

fricatives.

of fricatives can discriminate the fricative productions of the two
varieties. In addition to these effects, Athenian Greek and Cypriot
Greek have different effects with respect to stressed vs. unstressed
palatal fricatives.

Similarly, standard deviation varies depending on the
dialect. Overall, Cypriot Greek fricatives are characterized by
higher standard deviation than Athenian Greek fricatives (e.g.,
labiodental [v], the dental [D], the alveolar [s] and [z], the palatals
[ç] and [J], and the velars [x] and [G]). This necessarily suggests
that Cypriot Greek speakers produce these fricatives with greater
variation with respect to the center of gravity than Athenian
Greek speakers. By contrast, only the Athenian Greek voiceless
labiodental [f] and dental [T] had higher spectral standard
deviation than the corresponding Cypriot Greek fricatives, which
suggests that in Cypriot Greek the spectral energy of [f] and [T]

fricative sounds is closer to the center of gravity of these sounds
than in Athenian Greek.

Most fricatives are characterized by positive skewness; this
includes the voiced labiodental, palatal, and velar fricatives.
Cypriot Greek fricatives have greater values of skewness than
Athenian Greek fricatives. In Cypriot Greek [s] and [z], skewness
is negative but positive in Athenian Greek, which suggests that
their distribution is left-tailed in Cypriot Greek but right-tailed
in Athenian Greek. Another important finding is that kurtosis
revealed asymmetries in the spectral distribution of Athenian

Greek and Cypriot Greek fricatives: voiced fricatives [v D J G]
had high kurtosis whereas the kurtosis for the corresponding
voiceless ones was significantly lower. In all cases Cypriot
Greek fricatives had higher kurtosis than the Athenian Greek
fricatives.

An interesting finding that emerged from Study 1 is that
Cypriot Greek sibilants [s z] differ from Athenian Greek
sibilants in most acoustic properties. First, they associate
with higher center of gravity in Hz than the corresponding
Athenian Greek sibilants: the center of gravity for the stressed
Cypriot Greek [s] was 10,104 Hz whereas the corresponding
Athenian Greek [s] was only 6,933 Hz. Similarly, the stressed
Cypriot Greek [z] was 8,462 Hz whereas the corresponding
Athenian Greek was only 5,718 Hz. Cypriot Greek sibilants had
higher standard deviation from the Athenian Greek sibilants.
This can be an effect of a different place of articulation of
the Cypriot Greek and Athenian Greek sibilant sounds. They
also differ in their duration. These findings account for the
impressionistic reports from the speakers of these two varieties
that [s] and [z] sound different in Athenian Greek and Cypriot
Greek.

Voiced fricatives are overall shorter than unvoiced fricatives.
This finding broadly supports the work of earlier studies showing
that duration distinguishes voiced and voiceless fricatives:
voiceless fricatives are longer than voiced fricatives (Cole and
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FIGURE 7 | Means and SD of the polynomial coefficients of the vowel formants of /a/, preceded by the unstressed voiceless alveolar, dental, labiodental, and velar

fricatives.

Cooper, 1975; Klatt, 1976; Silbert and de Jong, 2008)3. These
durational effects are perceptually silent. For example, in a
perceptual study of European Portuguese, Pape et al. (2015)
showed that there is systematic association of voicing to shorter
duration: “The shorter the fricative duration, the more the
listeners judged the stimuli as voiced” (Pape et al., 2015, p. 100).
Moreover, the place of articulation had significant effects on
fricative duration (Silbert and de Jong, 2008; Pape et al., 2015),
as each fricative depending on the place of articulation is realized
with a different intrinsic duration (Lehiste, 1970; Jongman et al.,
2000; Silbert and de Jong, 2008; Iskarous et al., 2011; Pape et al.,
2015).

A compelling finding is that Athenian Greek voiceless
fricatives are significantly shorter than Cypriot Greek voiceless
fricatives. The short Cypriot Greek fricatives, which wemeasured
in this study, are longer that the Athenian Greek fricatives:

Athenian Greek fricatives < Cypriot Greek short fricatives <

Cypriot Greek long fricatives.

Especially, the Athenian Greek alveolar [s] and the palatal [ç]
were overall shorter than the corresponding Cypriot Greek ones.
The different patterns of duration in Athenian Greek and Cypriot

3Note that fricative duration is susceptible to effects of stress and prosodic
structure, such as the syllable structure, accentual lengthening, and final
lengthening (e.g., de Manrique and Massone, 1981a).

Greek fricatives are captured by the classification model, which
ranks the contribution of duration to the classification of dialect
higher than all the other features.

These findings might reflect fricative specific duration
patterns in the two speech varieties. Evidence from a comparative
study of slow and fast productions of Athenian Greek and
Cypriot Greek sonorants, that shows that Cypriot Greek
singleton sonorants are shorter than Athenian Greek sonorants
(Arvaniti, 1999a, 2001), may support this interpretation.
Nevertheless, earlier studies on vowels, which show that
the Athenian Greek vowels are overall shorter than the
corresponding Cypriot Greek vowels (Themistocleous, 2011,
2017a,b), may indicate that the overall Athenian Greek speech
is uttered at a faster rate than the Cypriot Greek speech.
In any case, further comparative research on the segmental
duration of these two varieties is required to establish a proper
account of the implications of these findings on fricative
duration.

Moreover, there were major progressive coarticulatory effects
of fricatives, which affected the starting frequency of F1 and
its overall shape. F1 showed clear effects of voicing, place of
articulation, and stress (e.g., see Stevens et al., 1992). This study
shows that dialect also affects the F1. As was expected, F2
interacts with the place of articulation and thus it replicates
earlier studies, which show that the place of articulation had
significant effects on F2, along with voicing and stress (e.g., see
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TABLE 9 | Effects of dialect [Athenian Greek (AG) and Cypriot Greek (CG)], place of articulation, voicing, stress, and vowel on the three polynomial coefficients of

F3 and F4.

Estimate SE df t value Pr (>|t|)

F3a0 Intercept 2,839.63 30.03 110.00 94.54 0.001

Dental −77.62 28.72 74.00 −2.70 0.01

Labiodental −195.45 31.57 115.00 −6.19 0.001

Palatal 433.00 35.47 70.00 12.22 0.001

Velar −75.84 35.67 71.00 −2.13 0.05

AG 64.05 28.32 5,759.00 2.26 0.05

/i/ 189.31 15.01 54.00 12.61 0.001

Dental:AG −82.37 35.23 6,728.00 −2.34 0.05

Palatal:AG −87.26 43.37 6,833.00 −2.01 0.05

Velar:Voiceless −106.93 53.40 109.00 −2.00 0.05

AG:Voiceless −61.94 30.47 6,852.00 −2.03 0.05

F3a1 Intercept −24.21 6.64 77.00 −3.65 0.001

Dental 19.77 8.34 67.00 2.37 0.05

Labiodental 35.60 8.97 93.00 3.97 0.001

Palatal −28.39 10.33 64.00 −2.75 0.01

AG −17.33 7.00 3,132.00 −2.48 0.05

/i/ 20.71 4.43 52.00 4.67 0.001

Dental:AG 23.27 9.19 6,895.00 2.53 0.05

Velar:AG 32.37 11.36 6,897.00 2.85 0.01

Labiodental:Voiceless −29.22 12.29 91.00 −2.38 0.05

F3a2 Intercept 1.16 0.53 64.00 2.17 0.05

AG 1.26 0.37 891.00 3.40 0.01

/i/ −1.61 0.41 52.00 −3.93 0.001

AG:Unstressed −1.38 0.50 6,989.00 −2.79 0.01

F4a0 Intercept 4,167.67 47.94 115.00 86.94 0.001

Dental −304.74 52.96 82.00 −5.75 0.001

Labiodental −378.46 59.33 140.00 −6.38 0.001

Velar −239.92 65.60 77.00 −3.66 0.001

Voiceless −112.12 48.80 76.00 −2.30 0.05

/i/ 125.45 27.17 55.00 4.62 0.001

Palatal:AG −184.67 87.70 6,859.00 −2.11 0.05

Velar:AG −183.96 88.04 6,761.00 −2.09 0.05

F4a1 Intercept −40.22 6.89 65.00 −5.84 0.001

Dental 29.08 9.79 89.00 2.97 0.01

Labiodental 38.07 9.69 116.00 3.93 0.001

/i/ 13.40 5.22 50.00 2.57 0.05

F4a2 Intercept 2.42 0.55 60.00 4.36 0.001

Labiodental −2.01 0.75 88.00 −2.67 0.01

Labiodental:AG 1.71 0.83 6,785.00 2.05 0.05

Potter et al., 1947; Cooper et al., 1952; Delattre et al., 1955; Stevens
and House, 1956; Harris et al., 1958; Lehiste and Peterson, 1961;
Öhman, 1966; Fant, 1969; de Manrique and Massone, 1981b;
Kewley-Port, 1982; Beckman et al., 2009). However, what this
study shows is that the dialect, i.e., Athenian Greek and Cypriot
Greek, had significant effects on fricative-vowel coarticulation on
F2, as well as on F3 and F4.

So, striking result to emerge from these findings is that the
effects of dialect are clearly not isolated on a single acoustic
parameter but have manifold effects on fricative spectra. Also,
the model suggests that the difference between the fricative
productions of a speaker of one dialect from the speaker of
another relies on the exact ranking of properties—from more
important to less important—and on their interaction. Going
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back to the point made at the beginning of this section,
namely that all measured acoustic properties contribute to the
classification of dialect, we need to highlight the contribution
of the machine learning and classification model to the
understanding of dialectal effects on fricative acoustic structure.
The machine learning model is certainly not a cognitive model
of how humans perceive and produce fricatives, yet it may shed
light on the aspects of the speech signal that are crucial for the
classification of dialects and can potentially trigger the attentional
mechanisms of speakers and listeners when identifying each
dialect. In other words, it can designate which properties listeners
may pay attention to when identifying a speaker of a different
dialect (even possibly in settings when that speaker code-
switches). A future perceptual study should verify these findings
from a perceptual point of view.

6. CONCLUSIONS

The present study was designed to determine the effect of two
linguistically proximal varieties of Modern Greek, i.e., Athenian
Greek and Cypriot Greek, on the spectral properties of fricatives
and on the coarticulatory effects of fricatives on the following
vowel. Unlike earlier studies that attempt to single out the
invariant acoustic properties of linguistic and sociolinguistic

categories in the speech signal, this study reveals a more
complex reality where linguistic and sociolinguistic categories
influence multiple aspects of the speech signals. A fricative sound
depending on the dialect might have higher or lower center of
gravity, different degrees of standard deviation, skewness and
kurtosis and result on different coarticulatory effects.

ETHICS STATEMENT

This study was carried out with written informed consent
from all subjects. All subjects gave written informed consent in
accordance with the Declaration of Helsinki.

AUTHOR CONTRIBUTIONS

CT conducted designed and run the experiments, conducted the
statistical analysis, and prepared the manuscript.

FUNDING

The research reported in this paper was supported by a grant
from the Swedish Research Council for the establishment of the
Centre for Linguistic Theory and Studies in Probability (CLASP)
at the University of Gothenburg.

REFERENCES

Ambroise, C., and McLachlan, G. J. (2002). Selection bias in gene extraction on
the basis of microarray gene-expression data. Proc. Natl. Acad. Sci. U.S.A. 99,
6562–6566. doi: 10.1073/pnas.102102699

Aristodemou, A., Savva, A., and Themistocleous, C. (2015). “The acoustics of
Cypriot Greek fricatives,” in 6th International Conference of Experimental

Linguistics. ExLing 2015. 26–27 June 2015, ed A. Botinis (Athens: University
of Athens), 9–12.

Armosti, S. (2009). The Phonetics of Plosive and Affricate Gemination in Cypriot

Greek. Thesis, University of Cambridge.
Arvaniti, A. (1999a). “Effects of speaking rate on the timing of single and geminate

sonorants,” in Proceedings of the XIVth International Congress of Phonetic

Sciences (San Francisco, CL), 599–602.
Arvaniti, A. (1999b). Illustrations of the ipa: Cypriot Greek. J. Int. Phonet. Assoc.

19, 173–176. doi: 10.1017/S002510030000654X
Arvaniti, A. (2000). The phonetics of stress in Greek. J. Greek Linguist. 1, 9–39.

doi: 10.1075/jgl.1.03arv
Arvaniti, A. (2001). “Comparing the phonetics of single and geminate consonants

in Cypriot and Standard Greek,” in Proceedings of the 4th International

Conference on Greek Linguistics (Thessaloniki: University Studio Press) 37–44.
Baayen, R. H. (2008). Analyzing Linguistic Data : A Practical Introduction to

Statistics using R. Cambridge: Cambridge University Press.
Baltazani, M., Kainada, E., Revithiadou, A., and Topintzi, N. (2016). Vocoid-driven

processes: palatalization and glide hardening in greek and its dialects. Glossa 1,
2–28. doi: 10.5334/gjgl.108

Baran, D. (2014). Linguistic practice and identity work: variation in Taiwan
Mandarin at a Taipei County high school. J. Sociolinguist. 18, 32–59.
doi: 10.1111/josl.12068

Bates, D., Mächler, M., Bolker, B., and Walker, S. (2015). Fitting linear mixed-
effects models using lme4. J. Stat. Softw. 67, 1–48. doi: 10.18637/jss.v067.i01

Bates, D.,Maechler,M., Bolker, B., andWalker, S. (2014). lme4: LinearMixed-effects

Models using Eigen and S4. R package version 1.1-6.
Baum, S. R., and McNutt, J. C. (1990). An acoustic analysis of frontal

misarticulation of /s/ in children. J. Phonet. 18, 51–63.

Beckman, J., Jessen, M., and Ringen, C. (2009). German fricatives:
coda devoicing or positional faithfulness? Phonology 26, 231–268.
doi: 10.1017/s0952675709990121.

Boersma, P., andWeenink, D. (2016). Praat: Doing Phonetics by Computer. version
6.0.14. Available online at: http://www.praat.org/ (Accessed February 11, 2016).

Botinis, A., Christofi,M., Themistocleous, C., and Kyprianou, A. (2004). “Duration
correlates of stop consonants in Cypriot Greek,” in FONETIK 2004, eds P.
Branderud, O. Engstrand, and H. Traunmüller (Stockholm: Department of
Linguistics, Stockholm University), 140–143.

Cho, T., Jun, S. A., and Ladefoged, P. (2002). Acoustic and aerodynamic
correlates of Korean stops and fricatives. J. Phonet. 30, 193–228.
doi: 10.1006/jpho.2001.0153

Christodoulou, C. (2015). The Dialect of North-Western Paphos: A Phonological

Description (in Greek). Ph.D. thesis, Aristotle University of Thessaloniki,
Thessaloniki.

Cole, R. A., and Cooper, W. E. (1975). Perception of voicing in English affricates
and fricatives. J. Acoust. Soc. Am. 58, 1280–1287. doi: 10.1121/1.380810

Cooper, F., Dellatre, P., Liberman, A., Borst, J., and Gerstman, L. (1952). Some
experiments on the perception of synthetic speech sounds. J. Acoust. Soc. Am.

24, 597–606. doi: 10.1121/1.1906940
de Manrique, A. M. B., and Massone, M. I. (1981a). Acoustic analysis and

perception of spanish fricative consonants. J. Acoust. Soc. Am. 69, 1145–1153.
doi: 10.1121/1.385694

de Manrique, A. M. B., and Massone, M. I. (1981b). The role of formant
transitions in the identification of Spanish fricatives. J. Acoust. Soc. Am. 69:S94.
doi: 10.1121/1.385986

Delattre, P. C., Liberman, A. M., and Cooper, F. S. (1955). Acoustic loci
and transitional cues for consonants. J. Acoust. Soc. Am. 27, 769–773.
doi: 10.1121/1.1908024

DiCanio C. (2013). Time Averaging for Fricatives. [Computer Program].
Version 1. Available online at: http://www.haskins.yale.edu/staff/dicanio/
scripts.html (Accessed 31 October 2013).

Dubois, S., and Horvath, B. M. (1998). Let’s tink about dat: interdental
fricatives in Cajun English. Lang. Variat. Change 10, 245–261.
doi: 10.1017/S0954394500001320

Frontiers in Psychology | www.frontiersin.org 18 November 2017 | Volume 8 | Article 1945

https://doi.org/10.1073/pnas.102102699
https://doi.org/10.1017/S002510030000654X
https://doi.org/10.1075/jgl.1.03arv
https://doi.org/10.5334/gjgl.108
https://doi.org/10.1111/josl.12068
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1017/s0952675709990121.
https://doi.org/10.1006/jpho.2001.0153
https://doi.org/10.1121/1.380810
https://doi.org/10.1121/1.1906940
https://doi.org/10.1121/1.385694
https://doi.org/10.1121/1.385986
https://doi.org/10.1121/1.1908024
http://www.haskins.yale.edu/staff/dicanio/scripts.html
http://www.haskins.yale.edu/staff/dicanio/scripts.html
https://doi.org/10.1017/S0954394500001320
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Themistocleous Greek Fricatives

Eftychiou, E. (2008). Lenition Processes in Cypriot Greek. Ph.D. Thesis, University
of Cambridge.

Fant, G. (1969). Stops in cv-syllables. Q. Prog. Status Rep. 10, 1–25.
Fox, R. A., and Nissen, S. L. (2005). Sex-related acoustic changes in

voiceless English fricatives. J. Speech Lang. Hear. Res. 48, 753–765.
doi: 10.1044/1092-4388(2005/052)

Harris, K. S., Hoffman, H., Liberman, A., Dellatre, P., and Cooper, F. (1958).
Effect of the third-formant transitions on the perception of the voiced stop
consonants. J. Acoust. Soc. Am. 30, 122–126. doi: 10.1121/1.1909501

Hughes, G. W., and Halle, M. (1956). Spectral properties of fricative consonants. J.
Acoust. Soc. Am. 108, 1252–1263. doi: 10.1121/1.1908271

Iskarous, K., Shadle, C. H., and Proctor, M. I. (2011). Articulatory-acoustic
kinematics: the production of American English /s. J. Acoust. Soc. Am. 129,
944–954. doi: 10.1121/1.3514537

Jacewicz, E., Fox, R. A., and Salmons, J. (2011). Cross-generational
vowel change in American English. Lang. Variat. Change 23, 45–86.
doi: 10.1017/S0954394510000219

Jongman, A.,Wayland, R., andWong, S. (2000). Acoustic characteristics of English
fricatives. J. Acoust. Soc. Am. 108, 1252–1263. doi: 10.1121/1.1288413

Kewley-Port, D. (1982). Measurement of formant transitions in naturally
produced stop consonant-vowel syllables. J. Acoust. Soc. Am. 72, 379–389.
doi: 10.1121/1.388081

Klatt, D. (1976). Linguistic uses of segmental duration in english: acoustic and
perceptual evidence. J. Acoust. Soc. Am. 59, 1208–1221. doi: 10.1121/1.380986

Kochetov, A. (2006). The role of social factors in the dynamics of sound
change: a case study of a Russian dialect. Lang. Variat. Change 18, 99–119.
doi: 10.1017/S0954394506060030

Koenig, L. L., Shadle, C. H., Preston, J. L., and Mooshammer, C. R. (2013). Toward
improved spectral measures of /s/: results from adolescents. J. Speech Lang.

Hear. Res. 56, 1175–1189. doi: 10.1044/1092-4388(2012/12-0038)
Kuhn, M. (2016). caret: Classification and Regression Training. R package version

6.0-68.
Kuhn, M., Weston, S., Coulter, N., and code for C5.0 by R. Quinlan, M. C. C.

(2015). C50: C5.0 Decision Trees and Rule-Based Models. R package version
0.1.0-24.

Kuznetsova, A., Bruun Brockhoff, P., and Haubo Bojesen Christensen, R. (2016).
lmerTest: Tests in Linear Mixed Effects Models. R package version 2.0-30.

Labov, W. (1994). Principles of linguistic Change. Internal Factprs, Vol. I. Oxford:
Wiley-Blackwell.

Ladefoged, P., and Maddieson, I. (1996). The Sounds of the World’s Languages.
Oxford: Wiley-Blackwell.

Lehiste, I. (1970). Suprasegmentals. Cambridge, MA: MIT Press.
Lehiste, I., and Peterson, G. E. (1961). Transitions, glides, and diphthongs. J.

Acoust. Soc. Am. 33, 268–277. doi: 10.1121/1.1908638
Li, F., Rendall, D., Vasey, P. L., Kinsman, M., Ward-Sutherland, A., and Diano,

G. (2016). The development of sex/gender-specific /s/ and its relationship
to gender identity in children and adolescents. J. Phonet. 57, 59–70.
doi: 10.1016/j.wocn.2016.05.004

Mazzaro, N. (2011). Experimental Approaches to Sound Variation: a Sociophonetic

Study of Labial and Velar Fricatives and Approximants in Argentine Spanish.
Thesis, University of Toronto.

Newton, B. E. (1972a). Cypriot Greek. Its Phonology and Inflections. Paris: Mouton,
The Hague.

Newton, B. E. (1972b). The Generative Interpretation of Dialect. A Study of Modern

Greek Phonology. Cambridge: Cambridge University Press.
Nirgianaki, E. (2014). Acoustic characteristics of Greek fricatives. J. Acoust. Soc.

Am. 135, 2964–2976. doi: 10.1121/1.4870487
Nittrouer, S., Studdert-Kennedy, M., and McGowan, R. S. (1989). The emergence

of phonetic segments: evidence from the spectral structure of fricative-vowel
syllables spoken by children and adults. J. Speech Hear. Res. 32, 120–132.
doi: 10.1044/jshr.3201.120

Öhman, S. E. G. (1966). Coarticulation in vcv utterances: spectrographic
measurements. J. Acoust. Soc. Am. 39, 151–168. doi: 10.1121/1.1909864

Pape, D., Jesus, L. M. T., and Birkholz, P. (2015). Intervocalic fricative perception
in European Portuguese: an articulatory synthesis study. Speech Commun. 74,
93–103. doi: 10.1016/j.specom.2015.09.001

Payne, E., and Eftychiou, E. (2006). Prosodic shaping of consonant gemination in
Cypriot Greek. Phonetica 63, 175–198. doi: 10.1159/000095307

Potter, R. K., Kopp, G. A., and Green, H. C. (1947). Visible Speech, 1st Edn. New
York, NY: The Bell Telephone Laboratories series. D. Van Nostrand Co.

R Core Team (2016). R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing.

Shadle, C. H. (2010). “The aerodynamics of speech,” in The Handbook of Phonetic

Sciences, 2nd Edn., eds W. J. Hardcastle, J. Laver, and E. G. Fiona (Oxford:
Blackwell Publishing), 39–80.

Silbert, N., and de Jong, K. (2008). Focus, prosodic context, and phonological
feature specification: Patterns of variation in fricative production. J. Acoust. Soc.
Am. 123, 2769–2779. doi: 10.1121/1.2890736

Stevens, K., and House, S. A. (1956). Studies of formant transitions using a vocal
tract analog. J. Acoust. Soc. Am. 28, 578–585. doi: 10.1121/1.1908403

Stevens, K. N., Blumstein, S. E., Glicksman, L., Martha, B., and Kathleen, K. (1992).
Acoustic and perceptual characteristics of voicing in fricatives and fricative
clusters. J. Acoust. Soc. Am. 91, 2979–3000. doi: 10.1121/1.402933

Stuart-Smith, J. (2007). Empirical evidence for gendered speech production:
spectral information in Glaswegian. Lab. Phonol. 9, 65–86.

Tabain, M. (1998). Non-sibilant fricatives in English: spectral information above
10 khz. Phonetica 55, 107–130. doi: 10.1159/000028427

Themistocleous, C. (2011). Prosodia kai plirophoriaki domi stin Atheniaki kai

Kypriaki Ellinici (Prosody and Information Structure in Athenian and Cypriot

Greek). Thesis, National and Kapodistrian University of Cyprus.
Themistocleous, C. (2016). The bursts of stops can convey dialectal information. J.

Acoust. Soc. Am. 140, EL334–EL339. doi: 10.1121/1.4964818
Themistocleous, C. (2017a). Dialect classification using vowel acoustic parameters.

Speech Commun. 92, 13–22. doi: 10.1016/j.specom.2017.05.003
Themistocleous, C. (2017b). The nature of phonetic gradience across a dialect

continuum: evidence from modern greek vowels. Phonetica 74, 157–172.
doi: 10.1159/000450554

Themistocleous, C., Savva, A., and Aristodemou, A. (2016). “Effects of stress on
fricatives: evidence from Standard Modern Greek,” in Interspeech 2016 (San
Francisco, CL), 1–4. doi: 10.21437/Interspeech.2016-1057

Thomas, E. (2013). “Sociophonetics,” in The Handbook of Language Variation

and Change, 2nd Edn., eds J. Chambers and N. Schilling (Oxford: Blackwell
Publishing), 108–127.

Tserdanelis, G., and Arvaniti, A. (2001). “The acoustic characteristics
of geminate consonants in Cypriot Greek,” in Proceedings of the 4 th

International Conference on Greek Linguistics, eds Y. Aggouraki, A. Arvaniti,
J. Davy, D. Goutsos, M. Karyolaimou, A. Panayotou, A. Papapavlou,
P. Pavlou, and A. Roussou (Thessaloniki: University Studio Press),
29–36.

Vagiakakos, D. (1973). “I kypriaki dialektos kai to Istorikon Lexikon tis Akadimias
Athinon (Cypriot dialect and the Historical Dictionary of the Academy
of Athens),” in 1o Diethnes Kyprologiko Synedrio Lefkosia 14–19 Apriliou

1969, Volume C: Neoteron Tmima, Meros V’: Filologia Laografia (Nicosia:
Society of Cypriot Studies), eds T. Papadopoullos and M. Christodoulou,
23–102.

Conflict of Interest Statement: The author declares that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Themistocleous. This is an open-access article distributed under

the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) or licensor are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 19 November 2017 | Volume 8 | Article 1945

https://doi.org/10.1044/1092-4388(2005/052)
https://doi.org/10.1121/1.1909501
https://doi.org/10.1121/1.1908271
https://doi.org/10.1121/1.3514537
https://doi.org/10.1017/S0954394510000219
https://doi.org/10.1121/1.1288413
https://doi.org/10.1121/1.388081
https://doi.org/10.1121/1.380986
https://doi.org/10.1017/S0954394506060030
https://doi.org/10.1044/1092-4388(2012/12-0038)
https://doi.org/10.1121/1.1908638
https://doi.org/10.1016/j.wocn.2016.05.004
https://doi.org/10.1121/1.4870487
https://doi.org/10.1044/jshr.3201.120
https://doi.org/10.1121/1.1909864
https://doi.org/10.1016/j.specom.2015.09.001
https://doi.org/10.1159/000095307
https://doi.org/10.1121/1.2890736
https://doi.org/10.1121/1.1908403
https://doi.org/10.1121/1.402933
https://doi.org/10.1159/000028427
https://doi.org/10.1121/1.4964818
https://doi.org/10.1016/j.specom.2017.05.003
https://doi.org/10.1159/000450554
https://doi.org/10.21437/Interspeech.2016-1057
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

