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Introduction. The simultaneous articulation of the turbulent noise of fricatives and vocal fold 
vibration has conflicting pressure requirements. Among various differences between voicing 
counterparts, the tongue root was found to be advanced in the voiced segments in various languages 
compared to the voiceless counterparts (e.g., [1-4]). This difference appeared already in the 
preceding vowel before stops. The maintenance of vocal fold vibration in voiced fricatives were 
found to vary not only across speakers [5] but also across languages [6]. The articulatory 
manoeuvres also showed differences between languages and speakers: tongue root advancement 
was found in Italian stops at closure onset and maximum displacement but not in Polish [4]. The 
tongue-palate contact was strongly related to the amount of voicing present in the fricatives in 
devoicing speakers [5]. 
As the phonetic realisation of voicing varies across speakers (for Hungarian see e.g. [7]), our 
question is, what patterns tongue root advancement shows in the obstruents and in its preceding 
vowel with regard the obstruents’ voicing patterns in Hungarian. The present experiment 
introduces a pilot study comparing /iz/ and /is/ realisations. Our hypothesis was that speakers whose 
/z/ realisations tend to maintain voicing throughout the (most of) its duration have larger differences 
in the fricative and the preceding vowel between /z/ and /s/ than devoicing speakers. 
 
Methods. 12 female, monolingual native speakers of Hungarian without any speech or hearing 
disorder read aloud 5 sentences started with /izi nɛ/ and 5 with /isi nɛ/. The stimuli of the present 
pilot study were embedded into another study material [8]. The target sounds of this experiment 
were the /z/ and /s/ and the preceding /i/. These /i/ realisations bore both sentence accent and word-
stress. 
The tongue contours (TC) were recorded in midsagittal orientation using the “Micro” ultrasound 
(US) system (AAA, Articulate Instruments Ltd). The vocal fold activity was captured by a D200 
EGG (Laryngograph LtD.). The speech signal was recorded with a head-mounted microphone 
(time aligned to the ultrasound recording automatically by the recording software) and with a 
clipped microphone (at fix distance from the mouth, recorded by the EGG). The EGG- and US-
recordings were time aligned through the two speech signals. The segmentation was carried out by 
forced alignment [9] and manually corrected in Praat [13]. 
The TCs of the target sounds were traced manually in AAA at each frame along the time course of 
the V. The ratio of the entire duration of vocal fold vibration in the C to the C’s entire duration 
(voiced part ratio: VPR) was automatically labelled and manually corrected in the EGG-signal in 
Praat [10]. Partial devoicing was defined as at least 25% devoicing in the C. 
Generalised additive models (GAM) were used in R [11] with the means of the packages mgcv 
[12], itsadug [13] and rticulate [14]. The TCs were analysed separately for each speaker [see 14]. 
Two models were built: one for the vowel TC in the V and one for the TC 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 without C contrast and a model with C contrast (with contrast treatment) were 
compared with χ2 test. The results showed that the model with C contrast described the data 
significantly better in all polar GAMs. Therefore, autocorrelation correction (first order 
autoregressive model) and knot number setting were carried out on these models. The models 
included the position of the TC points as dependent variable, the smooth of the point of the TC and 
the normalized time course in the V or VC sequence, and their interaction (tensor). All the smooths 
and tensors were included with and without nesting for the difference smooths of the C. 
 
Results. Three speaker groups were defined based on VPR: ‘voicing’ group (0-1 realisations were 
partially devoiced in 6 speakers’ speech: sp01, sp02, sp03, sp04, sp11, sp12), ‘partially devoicing’ 
group (2-3 realisations were partially devoiced in 3 speakers’ speech: sp05, sp07, sp08), and 
‘devoicing’ group (4-5 realisations were devoiced in 3 speakers’ speech: sp06, sp09, sp10). 
The models for TC position in V with C contrast explained at least the 90.9% of the deviance of 
the data in each speaker. There was no general difference in the position of the TC: the results of 
the parametric terms are significant only in 4 out of the 12 speakers. However, the TCs’ change 
along the time course of the V was significantly different between the /i/ realisations in all speakers. 
The models for TC position in VC sequences with C contrast explained at least the 90.4% of the 
deviance of the data in each speaker. General difference was found in 7 speakers in the TC between 



the two VC types. The tensor expression gave significant results in 9 speakers, the TC smooth in 9 
speakers, the normalised time course smooth in 3 speakers. 
In the ‘voicing’ group, sp04 did not show any difference in the tongue root (TR) between the two 
sequences, while sp01 did but it appeared only in the C. The TR advancement appeared earlier, 
during the V in the further 4 speakers’ speech (sp02, sp03, sp11, sp12). In the ‘partially devoicing’ 
group, the TR was advanced in /iz/ realisations in sp05 and sp07, and it appeared already during 
the V. Sp08 did not show advanced TR in /z/s. In the ‘devoicing group’, the TR was advanced in 
all three speakers in /iz/ realisations at least from roughly the mid of the V. 
 
Discussion and conclusions. The tongue contour differences between /iz/ and /is/ sequences 
showed interspeaker differences, however, the presence or absence and the start of the TR 
advancement did not follow the voicing tendencies of the speakers. Two speakers did not show 
advanced TR in /z/s at all, and it appeared only later, during the fricative in one further speaker’s 
speech. As TR advancement is not the only articulatory manoeuvre to maintain voicing, further 
analyses will be carried out with regard the position of the anterior parts of the TC and the glottal 
periods. 
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