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Abstract

In this paper we studied the tongue root position in VC-
sequences with regard to the phonological voicing of the
consonant and its phonetic realization. /iz/ and /is/ sequences
were recorded embedded into carrier sentences in 12 speakers’
pronunciation. Simultaneous audio, ultrasound and EGG-
recordings were carried out. The speakers were categorized
based on the voiceless part ratio (EGG-signal analysis) and
CoG (speech signal analysis) of the /i/-realizations. We
compared the tongue root position between the two sequences
as a function of the speakers’ categories. The results showed
that there is a large interspeaker difference in /z/-realizations
and that this is in a strong interrelation with the tongue root
position patterns. Possible explanations are discussed for the
speakers whose pronunciations are exceptions from the
expected difference between the voiced and voiceless contexts.

Keywords: tongue root advancement, voicing counterparts,
voiced fricatives, individual differences, ultrasound tongue
imaging

1. Introduction

Vocal fold vibration and obstruent production are conflicting
articulatory goals (e.g. Stevens 1997). In the case of the
fricatives, this means that the simultaneous articulation of the
turbulent noise and vocal fold vibration have contradictory
pressure requirements. In order to produce intense turbulent
noise high intraoral pressure needs to be achieved. The glottal
vibration, however, need low intraoral pressure in order to
maintain the transglottal pressure drop. Various articulatory
gestures may be used to maintain the vocal fold vibration: e. g.
lowering the larynx, enlarging the oral cavity, lowering the
tongue, tongue root advancement. Tongue root advancement
was found in the voiced compared to the voiceless counterpart
segments in various languages (e.g. stops: Westbury 1983; Ahn
2018; Coretta 2020, fricatives: Narayanan et al. 1995).

The ratio of vocal fold vibration in voiced fricatives varies not
only across speakers (Fuchs et al. 2007, for Hungarian see e.g.
Gréczi 2012) but also across languages (Shih 1999). The
tongue-palate contact measures showed diverse pictures with
regard to voicing, which may be caused by variability in
voicing: the tongue-palate contact was strongly related to the
amount of voicing present in voiced fricatives in devoicing
speakers (Fuchs et al. 2007). Combining the results on the
tongue-palate contact varying with the amount of voicing
present in the voiced fricative’s realization (Fuchs et al. 2007),
we may ask if the tongue root position also shows variability
with the amount of voicing in voiced fricatives.
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The present experiment introduces a pilot study on the timing
pattern of tongue root movement regarding phonological and
phonetic voicing. Our hypothesis was that in the pronunciation
of speakers whose /z/ realizations tend to maintain voicing
throughout (most of) its duration, larger differences can be
found in the tongue root position both in the fricative and in the
preceding vowel between /z/ and /s/ than in the pronunciation
of /z/-devoicing speakers.

2. Methods

Nonsense words /izi/ and /isi/ were initial words of sentences,
where the first /i/ bore word stress and pitch-accent. The 10
sentences (5 with both target words) appeared in randomized
order among distractors. 12 native female speakers of
Hungarian (20-27 ys) were recorded using the AAA ultrasound
system of Articulate Instruments Ltd. at 81.67 fps. The
ultrasound transducer was fixed below the speakers’ chin by the
ultrasound stabilization headset designed for speech recordings

(Articulate Instruments Ltd). The speech signal was recorded
with a Beyerdynamic TG H56c tan omnidirectional condenser
microphone. The ultrasound data and the audio signals were
synchronized using the tools provided by Articulate
Instruments Ltd. Electroglottograms were captured by D200
device (Laryngograph Ltd.). The speech signal was recorded by
the EGG as well, ultrasound and EGG recordings were
synchronized through the two speech signals.

Segmentation was carried out on the speech signal by forced
alignment (Mihajlik et al. 2010), then manual correction was
carried out on the first /i/- and on the fricative-realizations in
Praat (Boersma & Weenink 2019).

The tongue contours were traced manually at each frame along
the time course of the /iz/ and /is/ sequences in AAA (Articulate
Instruments Ltd.). The voiceless part ratio (ratio of duration
without vocal fold vibration to the entire consonant duration)
was automatically labeled and manually corrected in the EGG-
signal in Praat (Boersma & Weenink 2019).

The CoG of the fricatives were measured at five equidistance
measurement points. The total speech recording was
transformed to spectrogram with a window length of 0.005 s,
time step of 0.002 s, frequency step of 20 Hz, in the range of 0
to 21000 Hz using Gaussian window, and the spectral slice was
taken at the time points to be measured with fast transformation.

Generalized additive mixed models (GAMM) (R: R Core Team
2019, mgev: Wood 2017, itsadug: van Rijj et al. 2017, rticulate:
Coretta 2019) were run. The tongue contours were analyzed
separately for each speaker (Coretta 2019). Two models were
built: one for the vowel tongue contours in the V and one for
the tongue contours in the VC sequence, where the V was set to
the 0-0.5 time interval, the C to the 0.5-1 interval. A basic model
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and a model with C contrast (with contrast treatment) were
compared with 42 test. Autocorrelation correction (first order
autoregressive model) was carried out. The final, best fitting
models were built up as the followings. The Y-position of the
tongue contour points was the dependent variable. The models
included the reference smooth of the X-position of tongue
contours and of the normalized time course in the V or VC
sequence, and also their interaction (tensor). All the smooths
and tensors were included with and without nesting for the
difference smooths of the C.

The first analyses of the results made evident that the speakers
need to be grouped into four speaker types based on the results
of the voiceless part ratio and CoG-analyses. The detailed
results on the voiceless part ratio and the acoustic measures are
discussed in Graczi et al. (2020).

The realization of a fricative was considered partially devoiced
if the voiceless part ratio was above 25%. In the case of sp01-
sp04, spll and spl2, no or one partially devoiced /z/-
realizations appeared. In the case of sp05, sp07, spO8 2 or 3
realizations of /z/ phonemes were partially devoiced. The
remaining three speakers, sp06, sp09, sp10 had 4 or 5 partially
devoiced /z/-realizations.

The CoG values were compared between /z/- and /s/-
realizations in order to select the speakers who tend to
pronounce approximant-like /z/-realizations. This was found to
be important based on the first observations of the tongue
contour results of the speakers who tended to maintain vocal
fold vibration across their /z/-realizations. In the case of spO1
and sp03 the CoG of /z/-realizations raised close to the typical
values for /s/s, while sp02, sp04, spl11 and sp12 had very low
CoG values along the time course of the analyzed voiced
fricatives. While the former speakers can be grouped together
as speakers pronouncing frication and voicing simultaneously,
the latter four speakers tended to pronounce approximant-like
realizations.

The results for the voiceless part ratio and the CoG combined
gives four speaker groups: speakers who tend to pronounce /z/
as voiced approximants (Groupl: sp02, sp04, spll, spl2),
voiced fricatives (Group2: spO1, sp03), sometimes voiced,
sometimes partially devoiced speech sound (Group3: sp05,
sp07, sp08), devoiced speech sounds (Group4: sp06, sp09,
spl0).

3. Results

Results regarding the tongue contour differences by the
consonant contrast of the GAMM s are shown in Table 1 and 2.
The results for X-position are significant if the tongue shape
averaged across the duration is significantly different between
the contexts. This means that whenever the difference appeared,
it was altogether large enough to be significant already in the
vowel duration in 6 speakers. The tensor is significant if the
difference between the tongue shapes of the two contexts
change across the time. Table 1 shows the results for the model
on the vowel duration. In 6 out of the 12 speakers the tongue
shape was different even averaged across the time between the
two contexts within /i/-realizations. In 8 speakers the tongue
shape formed significantly different along the time course of /i/-
realizations between the two contexts. Three speakers that did
not have a significant difference averaged across the time
domain had large enough change to be considered significant.
When considering the VC time course, the time-averaged
tongue shape differed significantly in 9 speakers between the
two contexts, and the change in the tongue shape was significant
in 10 of them. The results also show speakers who do not tend
to have significant difference between the two contexts.
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Table 1: Results for the smooth term for X-position
and the tensor of the normalized time (t) and X-
position by consonant contrast from the GAMM within
the V duration. Grey cells indicate significant
differences.

Speaker| N |s(X, by =C.ord) | te(X, t, by =C.ord)
F p F p
sp01 | 912 | 1.863 | 0.173 [6.643| <0.001
sp02 |1239] 0.450 | 0.502 |3.840 0.004
sp03 |1003| 2.544 | 0.009 |[1.256 0.239
sp04 |1487] 2.676 | 0.102 |1.578 0.143
sp05 [1003| 5.126 | 0.024 [7.199| <0.001
sp06 | 831 | 3.441 | 0.064 [5.234 <0.001
sp07 |1086| 4.147 | 0.042 |2.155 0.037
sp08 [1080(23.867| <0.001 {9.419 0.002
sp09 1184 8.025 | 0.005 |3.946 0.002
spl0 |2372] 3.455 | 0.063 |2.166 0.017
spll | 922 | 6315 | 0.002 [0.341 0.559
spl2 |1473] 2.885 | 0.090 |0.116 0.734

Table 2: Results for the smooth term for X-position
and the tensor of the normalized time (t) and X-
position by consonant contrast from the GAMM within
the VC duration. Grey cells indicate significant
differences.

Speaker | N |s(X, by =C,ord) | te(X, t, by =C.ord)
F p F P
sp01 |2213] 8.368 | <0.001 | 5.773 | <0.001
sp02  [2652(54.880| < 0.001 | 2.889 0.003
sp03  [2581(11.474| <0.001 | 1.101 0.326
sp04 (3194 0.008 | 0.930 |2.795 | <0.001
sp05 {2957 0.088 | 0.768 [15.603| < 0.001
sp06 |2131] 5.634 | <0.001 | 0.032 | <0.001
sp07 [2730(10.096| < 0.001 [15.972| <0.001
sp08 2667 | 1.849 | 0.174 | 4.896 | <0.001
sp09 |2519] 78.42 | <0.001 | 14.85 | <0.001
spl0 (4349 7.365 | 0.006 | 3.384 | <0.001
spll |2483]5.875|<0.001 | 3.072 0.019
spl2 (1473 3.328 | 0.002 | 0.806 0.458

The estimated differences and its 95% confidence intervals of
the entire tongue contours are shown in Figure 1. The tongue
root is positioned to the right of the differential lines. The five
illustrated time points are the 50% and 75% of the vowel
duration, the VC-boundary and the 25% and 50% time point of
the consonant. The expected difference was found if the tongue
root was advanced in the voiced context, i.e. the differential line
decreases or stays in the negative domain, and is indicated by a
red dashed line which stands for the significant differences.

In Groupl, where the speakers tended to pronounce
approximant-like /z/-realizations, only one speaker had the
expected difference at the tongue root, while two speakers did
not: sp04 had no difference and spll had a significant but
opposite difference (her tongue root was more advanced in the
/s/-realizations). The further two speakers’ tongue root was
found to be significantly advanced already during the preceding
vowel’s duration in the voiced phoneme context.

In Group2, where most of the /z/-realizations were voiced
fricatives, both speakers had the expected difference, i.e.
advanced tongue root in the voiced fricatives, however, in one
speaker’s (sp0l) pronunciation this difference became
significant only during the consonant’s duration. The other
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speaker (sp03) had the expected tongue root pattern already
during the preceding /i/-realization.
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Figure 1: The estimated tongue contour difference of
/is/ - /iz/ and its 95% confidence interval.

Table 3: Appearance of the expected tongue root
position in the speaker groups. (v" = the tongue root is
significantly advanced in the /z/-context compared to
the /s/- context, X = the tongue root is not advanced in
the /7/- context compared to the /s/- context)

Expected difference appeared durin
Group | Speaker the greceding il tII:: consonant :
sp02 v v
sp04 x x
M spll x x
spl2 v v
sp01 x 4
@ sp03 v v
sp05 x 4
3) sp07 v v
sp08 v x
sp06 4 4
4 sp09 v v
spl0 x x

In Group3, where the speakers devoiced 2-3 /z/-realizations out
of the 5, the tongue root position difference was very variable
in one speaker’s (sp08) pronunciation: the expected difference
was detectable during vowel production but disappeared
towards the consonant. In one speaker’s (sp05) pronunciation
the expected pattern did appear already in the vowel, but it
reached the significance level only during the consonants’
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duration. The third speaker (sp07) showed advanced tongue
root in the voiced phoneme’s context already during the
preceding vowel’s durations.

In Group4, where most of the /z/-realizations were pronounced
(partially) devoiced, only one speaker (sp10) of the three had
different pattern from the expected one: her tongue root was
neither advanced during in the /z/-context nor in the /z/-
realizations, while the two further speakers had advanced
tongue root already during the preceding vowel in the voiced
phoneme context.

4. Discussion

The results showed that the tongue root was significantly
advanced in the /z/-realizations in 8 out of the 12 speakers
compared to the /s/-realizations, and this difference was
significant already in during the preceding vowel in 6 out of
them. Although each group consist only of a few, 2-4 speakers,
their typical /z/-realizations are important in order to discuss
what reasons or consequences these results have.

In the case of the speakers who tend to produce approximant-
like /z/-realizations (Groupl), the exceptions might be
explained in two ways. In their case the tongue tip might not be
raised as high, close to the alveolar region that the frication is
not produced/reached. Either the non-advanced tongue root
makes the approximant-like realizations necessary in order to
avoid devoicing, or the approximant-like realization makes
unnecessary to advance their tongue root during the voiced
phoneme’s realizations. The speakers who produce voiced /z/-
realizations but with frication (Group2) the tongue root was
found to be advanced. This strengthens the need to separate
these two groups, as their articulatory strategies can be
hypothesized to be different.

Most speakers with 2-5 partially devoiced /z/-realizations
(Group3, Group4) advanced their tongue roots in the voiced
context and most of them reached a significant difference
already during the preceding vowel between the two contexts.
The realizations though (often) became (partially) devoiced.
There might be two reasons again that might contribute to these
results. One is that the results appear generalized for their
speech sounds averaged that shades the possible within-speaker
differences. The other is that advancing the tongue root is only
one articulatory gesture in order to maintain voicing. Further
articulatory maneuvers have not been studied in this specific
analysis.

The tongue root position was found to appear as expected but
disappear towards the consonant in one speaker (sp08, Group3).
The possible explanation might be that her realizations were
diverse. She produced roughly the half of her /z/-phonemes
partially devoiced. The voiceless part ratio ranged between 0%
and appr. 60% in her voiced phoneme realizations, which means
a large within-speaker variability. Possibly the tongue root
started advancing during the preceding vowel, but not always
sufficiently to maintain voicing.

Another reason has to be taken into consideration behind the
results discussed in the above two paragraphs. Westbury (1983)
and Coretta (2020) found tongue root advancement also in some
cases for voiceless stops. Coretta (2020) took over the reasoning
by Westbury (1983) that the raise of the anterior part of tongue
(towards the closure in stops) may mechanically forward the
tongue root. As the present study did not include statistical
analysis that would provide results on this phenomenon for
voiceless fricatives, we cannot include this as being proven for
this material, however, the question has to be addressed in our
future work.

We can see in Figure 1, that the significant difference at the
midpoint of the consonants ranges roughly between 1-5 mm.
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Coretta (2020) raised the question analyzing stops whether this
magnitude is considerable. He argues that the anterior wall of
the pharynx is able to move 5 mm (Rothenberg 1967), and 4
mm difference was found in Twi between vowels with and
without advanced tongue root (Kirkham & Nance 2017). The
tongue root displacement in vowels compared preceding (truly)
voiced and voiceless (unaspirated) stops ranged between 0-1.5
mms, and were proven to be significant in Coretta’s results
(2020). Altogether we can hypothesize that the present 1-5 mm
range for the significant tongue root difference might be
considered as relevant.

Finally, we found altogether four speakers (2 from Groupl, 1-1
from Group3 and Group4) who did not have tongue root
advancement in the realizations of /z/ compared to /s/
phonemes. We have already discussed a few reasons behind
these results for the speakers of Group2 above in this section.
However, we have to add that if we consider that the results are
based on comparison of the two speech sound sets, which may
shed away tongue root advancement in both sets that results in
a non-significant p-value, and some speakers had also diverse
results in Coretta’s study (2020) analyzing vowels preceding
stops.

5. Conclusions

The present study introduced a pilot study on tongue root
movement timing comparing VC-sequences with voiced and
voiceless fricatives. One vowel (/i/) and one fricative pair (/z/
and /s/) were studied.

The results showed that the tongue root movement and the
realizations of the voiced fricatives have to be studied
combined, and also further articulatory maneuvers have to be
taken into consideration. The future work has to explore an
expanded vowel and consonant set in order to see the
coarticulatory effects of both the vowels’ and the consonants’
articulatory gestures. The further work has to be expanded also
by numerifying the tongue root displacement in itself, and by
the categorical analysis of the speaker groups being transformed
into scaled speech sound features.
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