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Introduction 
The obstruents in Hungarian can be considered symmetrical with respect to voicing contrast, as it 

can be found at all places of articulation of stops (both plosives and affricates) and fricatives. 1

However the articulatory, aerodynamic characteristics of obstruents result in difficulties in 
maintaining phonation, therefore vocal cord vibration may cease during their pronunciation (Stevens 
1998). The reason is that there is no airflow (closure) or only a small amount of airflow (stricture) 
from the mouth during the constricted phase that causes intraoral, thus supraglottal, pressure build-up, 
and as a consequence the necessary condition of phonations, i.e. the transglottal pressure drop, 
decreases and may be lost. The resonance of the vocal cords is and can be helped by passive and active 
articulatory gestures (e.g. Stevens 1998; Maddieson 1997; Ohala 1997, Shadle 1997). The passive 
ones are the consequences of some of the aerodynamic or articulatory features (like supraglottal cavity 
enlargement due to the same pressure build-up, or lowering of the larynx for phonation). Active 
compensatory gestures are not the result of other features, but are optional (e.g. lowering of the radix, 
leakage during closure, nasal cavity opening). Passive and active compensation slows the increase of 
the pressure build-up and therefore helps to retain the transglottal conditions of phonation for longer. 
A further compensatory feature is that the [+ voice] consonants are shorter than their [- voice] 
counterparts as the increase of the supraglottal pressure is lower when duration is shorter. The 
conditions of voicing during obstruent pronunciation also depend upon further parameters, like the 
position in the utterance (Westbury & Keating 1986), or the phonetic context (e.g. Stevens 1971; 
Ohala 1976, 1983). 

Previous research has shown universal (summary e.g. by Maddieson 1997), and language-specific 
(e.g. Shih et al. 1999) characteristics. These may depend on the speakers due to differences in cavity 
sizes or in the usage of compensatory gestures, etc. Differences were also found in the manners and 
places of articulation as well (e.g. Jesus & Shadle 2003). The [+ voice]/[- voice] pairs differ from each 
other in their phonetic voicing based on the type of their phonological opposition, but the phonetic 
context and the position in the word or in the utterance can decrease this difference or neutralize it (for 
instance, voicing assimilation, or final devoicing). 

Several features have been found to covary with and serve as a secondary cue to the voicing 
contrast. These are consequences of the timing of glottal and supraglottal gestures (e.g. aspiration, F1

values at the time of the onset of modal voice, Stevens 1998), or the consequence (adjacent sound 
duration, for vowels: Slis and Cohen 1969: Dutch; Mair–Shadle 1996: French; Smith 1997: American 
English; Lousada et al. 2010: European Portuguese) of a parameter characteristic for the contrast (e.g. 
duration of the consonant: Baum–Blumstein 1987, and Smith 1997: American English; Docherty 
1992: British English; Mair–Shadle 1996: French; Jesus–Shadle 2003, and Lousada et al. 2010: 
European Portuguese). The duration of the preceding vowel is quasi universal, but in some cases it 
does not hold that the voiced consonant is preceded by longer vowel duration (e.g. Crystal & House 
1998; Stevens et al. 1992). The vowel-consonant duration balance (or at least the effort involved in 
producing it) has been explained by several theories (Chen [1970] proposed an explanation based on 
muscle movements, Stevens et al. [1992] interpreted it in terms of the timing of supraglottal and 
glottal gestures). 

Various research has been carried out on voicing contrast in Hungarian fricatives, and some on 
plosives. Other results can also be found which did not primarily aim to analyze the realization of this 
opposition, but which even so contribute to its description. All these raise further questions on the 

                                                     
1 Only the phoneme status of  raises questions (for details see: Siptár 1995). 
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topic. The difference between plosives and fricatives seems to be obvious (c.f. e.g. Bárkányi–Kiss 
2009; Gráczi–Bárkányi 2012 with Gósy–Ringen 2010; Gráczi 2011a) due to the specific feature, i.e. 
the contradiction between high intensity friction and phonation hypothesis (e.g. Stevens 1998). The 
effect of the position in the utterance is found to be relevant in both manners of articulation. The 
vowel context of the fricatives did not affect their phonetic voicing (Bárkányi & Kiss 2009), but it was 
different from that of the CC-clusters ( : Kiss–Bárkányi 2006; : Gráczi 2008). The secondary cues 
seem to play a greater role/appear more frequently in the case of fricatives, e.g. the duration of the 
preceding vowel differed in intervocalic context before them, but this was not the case for plosives 
(compare: Bárkányi & Kiss 2009; Gráczi & Bárkányi 2012 with Gráczi 2011b). However, several 
authors found differences in the case of plosives, while other research did not show nay difference for 
either, or in general (cf. Magdics 1966, Kassai 1979 with Olaszy 1994, Kovács 2002, Kohári 2010).2

Some methodological differences relating to measurement also exist among previous studies, but the 
results showed similar tendencies. The present thesis aims to find answers to some of the questions 
raised by previous investigations and the comparison of these studies. 

Questions and hypothesis of the thesis 
Four experiments are included in this study. 
i) The first investigation aims to consider the consequences of the measurement methods. Several 

questions may arise, but the thesis focused on one, the segment boundary choice, that may affect most 
data. Our question was to what extent if any it affects the data when three VC- and CV-boundary 
phenomena are measured as the part of the consonant. The chosen phenomena were the aspiration, 
preaspiration, and a quasisilent period (that might be voiced or voiceless, but shows the acoustic 
features of neither the vowel nor the consonant). The “consonant-based” measurement considered the 
start and end of the closure, or friction, and calculated the phenomena in question as a part of the 
vowel. The “vowel-based” method calculated the same as a part of the consonant. Several further 
methods can be found, but these two have appeared in studies of Hungarian (see e.g. Gráczi 2008 vs. 
Bárkányi & Kiss 2009). All three manners of articulation have been analyzed in the thesis. 

a) Our main hypothesis was that the separation of the [+voice] and [-voice] phoneme realizations, 
based on their voiced part ratio and their duration, will be acceptable regardless of the methodology. 
We also hypothesized that b) the duration, and c) the voiced part ratio of the consonant would differ 
significantly when the two measurements were compared. c) A higher ratio of difference was expected 
in the consonants with frication, due to the intense fricative noise or low airflow during phonation. e) 
A smaller difference was expected in the duration of the preceding vowel as preaspiration is rare in 
Hungarian (e.g. Gráczi 2011b, Gráczi & Bárkányi 2012). e) Our assumption was that the differences 
will be greater in the unvoiced phoneme realizations than in the voiced ones as aspiration and 
preaspiration can occur in the former. 

ii) The effect of the position in the utterance was analyzed for the plosives, and the fricatives. The 
difference of the effect of pause, and vowel as phonetic context, of the word boundary position was 
analyzed. a) The voiced part ratio was hypothesized to be higher in the intervocalic word-internal 
position (in both the voiced and unvoiced phonemes realizations) due to the presence of voicing at the 
start (unvoiced phonemes), its slower cessations (in both), and the need for voicing restart for the next 
segment. The lowest ratio of voiced part was expected in utterance final position (preceding a pause, 
and maybe breath) due to the lack of its restart (Westbury—Keating 1986). b) We assumed that the 

                                                     
2 Various parameters (like the articulatory configuration of the vowel, as well as the context, the stress 

position, and the position in the word) were found to affect vowel duration, and most of them were not consistent 
among the studies (see e.g.: Kassai 1982; Magdics 1966; Olaszy 1994, 1996; Kovács 2002). 
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difference of the realizations of the voiced counterparts would be smaller in utterance final position, 
i.e. opposition would be neutralized or weakened more often in these cases based on the voiced part 
ratio. Results of earlier research (Kiss & Bárkányi 2006; Bárkányi & Kiss 2009; Gráczi & Bárkányi 
2012; Gósy & Ringen 2010; Gráczi 2011a) showed that the loss of voicing is greater in utterance final 
position than in intervocalic context. Based on these data, word internal intervocalic and utterance 
final positions can be expected to result in different realizations. c) Both the duration of the consonant 
and the preceding vowel were assumed to contribute to the opposition. 

iii) The effect of the phonetic context was analyzed for all three manners of articulation. Three 
vowels were chosen, and the realizations of the voicing counterparts were analyzed in word internal 
position in these three contexts. The hypotheses were: a) phonetic voicing, and b) the duration of the 
consonant were expected to be different across the contexts, and that c) this difference’s occurrence 
would depend on the relative distance between the articulatory configurations of the consonant and the 
vowel. d) We also hypothesized that the separation of the realizations of the counterparts would be 
independent of the context, as it affects the voiced and the unvoiced ones in a similar way (if not 
equally). 

iv) Analysis of spontaneous speech was also carried out. The reasons for conducting both 
laboratory and spontaneous speech analysis were as follows. The frequency of occurrence differs 
among the phonemes in the latter (for Hungarian data see: Szende 1973; Gósy 2004), therefore the 
comparison of the counterparts at any place of articulation for all manners of articulation is possible 
only in some positions. Phenomena that play or may play a role in the realizations are less able to be 
controlled in spontaneous speech. However, in this speech mode the effect of the frequency of 
occurrence of both the consonant in question and its counterpart on their realization and on the 
weakening or loss of opposition could be analyzed. The difference of the speech planning processes of 
the two speech modes hypothetically result in differences in position on the H&H scale (Lindblom 
1990), thus higher variability is expected in spontaneous speech. (The differences in speech style 
depend on various factors that can be considered to be similar within the analyzed spontaneous speech 
recordings). We hypothesized that in this speech mode we would also find a) differences in the 
realizations of the voiced phonemes according to the manner of articulation (higher variability of 
fricatives was assumed), b) higher variability of realizations in (pause-to-pause) phrase initial and final 
positions, c) and a higher ratio of devoicing d) and neutralization in utterance final position again. We 
also hypothesized that the duration of the consonant would be longer in the unvoiced phonemes, 
following universal tendencies. 

Methods of the experiments 
To answer the research questions, two types of speech material were used. In one, nonsense words 

were embedded in carrier sentences in order to tightly control the affecting factors, while in the other 
speech samples of the BEA database (Gósy 2008) were analyzed. Labeling and analyses were carried 
out using Praat 5.1—5.3 (Boersma & Weenink 2011), and statistical analysis was performed using 
SPSS 19.0. 

Nonsense word experiments 
Speakers, and speech samples 
Four women and two men (24–29 ys.) participated in the experiment. All of them speak standard 

Hungarian. 
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CVCVC structured nonsense words were embedded in carrier sentences (‘The word [CVCVC] can 
be seen on the screen.’). One on the consonants was always one of the voicing counterparts in 
Hungarian, the others were ; the vowels were always identical. Five positions were recorded: 

• Utterance initial: ||_ : Calal a képerny n látható szóalak.
• Intervocalic word initial: #_ : A képerny n a Calal alak látható. 
• Intervocalic word internal: _ : A képerny n a laCal alak látható. 
• Intervocalic word internal: _ : A képerny n a liCil alak látható. 
• Intervocalic word internal: _ : A képerny n a luCul alak látható. 
• Intervocalic word final: _# : A képerny n a lalaC alak látható. 
• Utterance final: _||: A képerny n látható alak a lalaC. 

The plosives ( ), and the fricatives ( ) were analyzed in all carrier 
sentences; the affricates ( ) only in word internal ones. 

The recordings were carried out in a sound-attenuated chamber, with an AT 4040 omnidirectional 
microphone, and sampled at 44.1 kHz, 16 bit. The sentences were introduced to the participants in a 
randomized order one-by-one by means of SpeechRecorder (Draxler–Jänsch 2004). Four repetitions 
per sentence were recorded. 

Segmenting methods, analyses 
The segment boundaries of the vowels and the consonants, and the ceasation and restart of voicing 

were labeled manually, based on the oscillogram and spectrogram. The HNR-measurements and the 
information that appears in the labels were done using Praat scripts. The standard values of Praat for 
spectrogram visualization were kept, except for the dynamic range (set to 45 dB), and pre-emphasis 
(set to 3.0 dB/octave). These were changed due to the relative intensity of sibilants, which appear at 
higher frequencies and result in a less transparent view of vowel formants with the standard values. 

The end and the start of voicing were set at the proper voice offset and onset, so breathy (and 
creaky) voice was also classed as voicing. 

The boundaries of the segments were labeled in two ways for the methodological experiment that 
was carried out only in the _  position. The “consonant-based” measurement considered the start 
and end of the closure, or friction, and calculated the three previously mentioned phenomena with 
respect to the vowel. The “vowel-based” method calculated these phanomena with respect to the 
consonant. 

The boundaries for the analyses of the position in the utterance, and of the vowel context, were 
labeled with the “vowel-based” method. 

The following time points were labeled: start of the preceding vowel, start and end of the 
consonant, end and start of voicing, and in plosives the most intense burst. We also noted if the burst 
was not apparent or the release was friction, and if the manner of articulation of the realization was not 
as expected. 

The following were calculated/retrieved: i) duration of the vowel, and ii) the consonant, iii) the 
restart of voicing from the most intense burst (in [-voice] phoneme realizations it is equal to the VOT, 
but for [+voice] ones we did not calculate this value except if the voicing ceased, therefore we do not 
call it VOT), iv) the ratio of voiced parts in the consonant, and v) the HNR-values of fricatives. (The 
mean HNR of the consonant was calculated based on extracting the consonant in question by parabolic 
windowing, and using the standard settings of Praat.) 

Spontaneous speech analysis 
Speakers and speech samples 
Speech samples of the BEA database (Gósy 2008) were selected. Interviews with 8 female 

speakers (aged 22—54 years) were analyzed. The recordings were labeled first manually in Praat in a 
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pause-to-pause manner, then they were automatically segmented using MAUS (Shiel et al. 1999). The 
segmentation was manually corrected. The same positions as in the nonsense speech material were 
analyzed, but the vowel context was not fixed. 

Methods and analyses 
The start of the consonant was set to the last zero-crossing before the appearance of the fricative 

noise, or the start of the closure. The end of the consonant was set to the start of the first vertical 
striation of the F2 in the following vowel. 

The start and end of the consonant and the voicing was retrieved. The duration of the consonant 
and its voiced parts ratio were calculated. 

Results, and discussion 
Comparison of measurement methods 
The two different ways of duration labeling showed differences for all plosives and for most of the 

fricative and affricate consonants (Fig. 1). No such difference was found for the  and 
realizations. In the case of the labiodental fricative, the reason is the frequent appearance of sonorant-
like speech sounds (HNR-values in the position experiment). The differences were greater and more 
frequent among fricatives due to the sudden intensity loss after constriction release. All manners of 
articulation showed greater and more frequent differences in the unvoiced phoneme realizations. The 
reason is that aspiration appears only in the realizations of these phonemes, while the phase without 
any higher frequency print can be found in both. 

Figure 1: The mean duration of the consonant (ms) with the two measurement methods 

Figure 2: The mean voiced part ratio of the consonant (%) with the two measurement methods 



7 

The voiced part ratio (Fig. 2) differences showed diverse results for the three distinct manners of 
articulation. That of the plosives was different only in the case of the unvoiced bilabial and velar, 
while for all unvoiced fricatives and for all affricates it was independent of phonological voicing. The 
smaller difference in the realizations of the voiced phonemes has three causes: the number of the fully 
voiced cases, the fact that the voicing ceases mostly during the closure or the ‘steady state’ of the 
friction, and also because the restart of voicing can begin earlier in these cases due to the lower 
supraglottal pressure. 

The duration of the preceding vowel (Fig. 3) appeared to be less dependent upon the measurement 
method. The reason is that preaspiration is rare, as well as being speaker- and place of articulation-
dependent in Hungarian (e.g. Gráczi 2011b; Gráczi & Bárkányi 2012). A difference was found for the 
preceding vowel of , , and . The dispersion of data is higher for the fricatives calculated with 
the “vowel-based” method than those calculated with the “consonant-based” one. In affricates only the 
preceding vowel of  showed a difference in its duration between the two measurement types. 

Figure 3: The mean duration of the preceding vowel (ms) with the two measurement methods 

Our main hypothesis, that the separation of the counterparts does not depend on the measurement 
methods, was partially proved. The voiced part ratio of the [+ voice]/[- voice] counterparts was 
significantly different for both measurement methods. The duration of the plosives and the fricatives 
followed the universal tendencies in both cases, i.e. the measured duration was shorter for the voiced 
phoneme realizations. The voiced affricates had been found in earlier studies to vary in their 
realization; in phonological descriptions the alveolar is considered to be a long sound. The dispersion 
of both voiced affricates was wide in the present results, therefore though the other two manners of 
articulation followed the tendency in spite of the high frequency of overlaps, the affricates did not. The 
ratio of overlap of the voiced part ratio of the members of the counterparts was smaller in the case of 
the “consonant-based” labeling method, while the duration of fricatives was more stable in the “vowel-
based” one. 

Position in the utterance 
The effect of the position was analyzed in the case of plosives and fricatives. The phonetic context 

of vowel vs. pause, and that of word-boundary vs. word-internal positions were analyzed. The 
utterance initial and final positions resulted in a lower voiced part ratio for all voiced consonants 
compared to the word medial one. The plosives showed similar values in word initial and medial 
positions, while fricatives tended to have a higher voiced part ratio in the former. The results were 
dependent upon the place of articulation, the speaker, and the position as well. The plosives with 
posterior place of articulation tended to devoice to a higher extent than the anteriors, meaning both 
more frequent occurrence of any length of devoicing and lower voiced part ratios. The voiced 
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labiodental fricative tended to realize more often in a sonorant-like sound (HNR-values), thus it was 
also more often fully voiced. The postalveolar fricative varied in some positions either with the 
labiodental, or with the alveolar. In utterance final position all voiced consonants became more (often, 
and to a lower voiced part ratio) devoiced, and the spirantic feature raised (HNR-values). Therefore 
the position in the utterance is of great importance—as expected—to the realization. The unvoiced 
phoneme realizations showed less variablity in the utterance final position, while the interspeaker 
variability for voiced ones increased when moving from the initial to the final position. Interspeaker 
variability was apparent in all positions for the fricatives, but for the labiodental one that was 
dependent upon the speaker only in the word final and utterance final positions. 

4. ábra. A mássalhangzó zöngés részének aránya (%) a hangsorbeli pozíció függvényében. 

The voiced part ratio showed statistically significant differences in all positions between the 
members of the [+ voice]/[- voice] pairs, but the frequency of overlap in their realizations increased in 
word final, and even more in utterance final positions due to the differences in the voiced phoneme 
realizations described above. 
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The duration of the consonants followed the universal tendencies in all cases, i.e. the voiced 
consonants were significantly shorter than their unvoiced counterparts in all positions. The consonant 
durations showed more frequent overlap between the counterparts in all positions. The absolute 
duration of the vowel did not conform to expectations (as in some of the earlier studies). In the case of 
the plosives, only the word and utterance final positions showed a significant difference, while the 
position and the (consonant) place of articulation played an important role in the case of the fricatives. 
The ratio of the vowel and the consonant duration (tV/tC) was, however, significantly different in all 
positions for both manners of articulation. 

Effect of the vowel context 
All three manners of articulation were analyzed regarding the vowel context effect (Table 1). Three 

vowels were chosen. 
The voiced part ratio of the voiced plosives increased as a tendency in the  –  –  order, 

which was a consequence of decrease in dispersion of the data, while the unvoiced ones showed 
greater differences only in some cases. The tendency in the voiced ones reached the level of 
significance only in the case of the velar. None of the other two manners of articulation showed any 
statistically relevant difference, only tendencies: fricatives showed lower dispersion between -s (but 
this did not even mean a difference in the mean), and the voiced labiodental showed higher frequency 
of partially devoiced realizations between -s than in the other two contexts. The affricates also 
showed dispersion differences only; the tendency is that this is wider in the  context. 

Table 1: Results of the realizations with regard of the vowel context (mean and standard deviation) 
Duration of C (ms) Voiced part ratio of C (%) Duration of V (ms)

97.9±07.0 95.1±09.1 94.9±10.5 082±12 079±12 096±17 76±11 67±07 68±14
87.1±19.5 95.8±10.2 94.4±10.6 069±12 065±18 071±15 82±09 75±08 76±15
81.5±23.3 84.2±21.5 87.7±19.3 074±15 090±21 078±22 91±09 78±12 81±12
76.4±18.7 89.1±18.1 87.1±18.2 085±16 088±19 099±24 80±11 73±15 61±11
32.8±20.9 32.2±16.0 31.1±12.0 112±16 110±16 137±18 74±12 66±11 65±13
30.3±13.8 29.1±14.0 29.3±16.2 102±15 109±19 111±19 86±13 73±11 79±17
25.5±17.1 23.8±11.3 31.4±11.9 111±17 130±19 121±19 87±12 71±13 77±07
20.8±13.7 19.9±09.9 24.4±10.4 123±22 123±28 140±21 73±16 69±10 65±12
97.5±08.9 98.9±14.2 90.0±19.2 072±10 076±12 100±17 84±18 75±13 79±13
62.1±29.6 57.5±20.4 74.5±24.7 079±17 091±15 090±24 92±16 89±15 92±15
69.3±31.5 83.3±23.7 74.2±30.7 081±11 092±17 089±14 97±12 83±16 95±16
16.8±10.4 21.7±09.2 23.4±08.3 121±17 129±17 154±14 81±13 65±08 65±11
14.5±20.2 16.8±09.6 17.5±08.2 131±25 138±15 144±19 85±17 73±13 83±13
16.3±12.5 15.3±07.5 18.1±07.5 132±22 138±11 141±20 82±18 83±16 81±16
52.2±21.1 49.4±13.5 49.3±16.4 135±25 133±39 137±18 83±12 72±10 79±14
55.5±23.1 53.5±21.6 61.5±19.8 137±19 139±20 140±30 77±13 70±13 74±14
16.4±10.3 29.1±27.7 19.0±09.8 131±25 135±36 136±35 95±13 81±14 86±17
22.3±12.6 16.2±11.3 26.0±17.8 123±30 125±33 119±27 97±12 84±12 82±16

The plosives, excluding the alveolar [+voice]/[- voice] counterparts, showed statistically significant 
difference in their durations among the three contexts. As expected, the duration changed with the 
distance between the vowels’ and the consonants’ articulatory configurations. Bilabials were longer 
between -s than in the two other contexts, while the palatals were shortest in the  context and 
longest inbetween -s. The velars were longest between -s of the three contexts. Fricatives were 
shortest in the  context, while the other two did not show consequent variation (even when the 
distance of the vowel and the consonant were analyzed). Affricates were the longest between -s. 

The duration of the vowel depended—as expected—on its own articulatory configuration. 
Realizations of  were the longest, while the two high vowels’ durations did not show consequent 
differences before plosives. Difficulties in separating the start of the F2 in  resulted in high 
dispersion of its duration values. The realizations of  were clearly shorter than those of  preceding 
fricatives, but the further variance in the results may depend upon other features. The preceding 
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vowels before affricates showed clearer tendencies. The low vowel was the longest, as already 
mentioned, and  was realized as the shortest in the case of all affricates. This difference is 
significant. 

The voiced part ratio and the duration of the consonant differed significantly between the voicing 
pairs in the case of the plosives and the fricatives in all contexts. The voicing counterparts in the 
affricates also showed different voiced part ratios, regardless of their duration (as the duration variance 
mentioned above suggested). The voiced consonants overlapped most frequently with their unvoiced 
counterparts in terms of their voiced parts ratio in the case of the  context. The duration overlaps 
were very variable (except for  - ). The duration of the preceding vowel was not significantly 
different in any context before the plosive counterparts; the low vowel differed only before the 
postalveolars in the case of fricatives, while the high ones proved to be longer before all voiced 
fricatives than unvoiced ones. The vowel duration preceding the affricates was always significantly 
different with only one exception (  before postalveolars). 

Spontaneous speech analysis 
The frequency of occurrence of the phonemes does not allow us to prove or reject the hypothesis, 

but provides tendencies, and augments the results of the nonsense word experiment. 
Fricatives underwent devoicing more often and to a higher degree in intervocalic word internal 

positions in this speech mode (Fig. 5). The effect of the utterance final position was similar in this 
speech mode, but plosives showed higher dispersion.

Figure 5: Voiced part ratio of plosives and fricatives in word internal intervocalic position (meadian and 
dispersion) 

The effect of the position in the utterance is apparent in plosives and fricatives (only three voiced 
affricates appeared). The utterance final position results in lower mean and higher dispersion in voiced 
part ratio than the word internal one. The plosives varied according to their place of articulation in 
utterance and word initial position. The voiced part ratio differed according to the place of articulation 
in all positions for the plosives, but while in word internal position the mean was at least 90% for each 
one, in utterance initial position it varied between 70% and 100%. The voiced labiodental fricative 
also showed devoicing in utterance initial position, which resulted a lower voiced part ratio for them 
than in the nonsense word experiment. Higher frequency of neutralization of the opposition can be 
expected in utterance final position in this speech mode, e.g. the difference of that in the velar plosives 
did not reach the level of significance. 

We consider it important to mention that the ratio of the voiced part (therefore the weakening or 
loss of the opposition at the phonetic level) did not seem to vary with the frequency of occurrence of 
the phoneme or its counterpart. Both velar plosives appear frequently in all positions, the voiced ones’ 
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devoicing was frequent in each case, while the voiced postalveolar affricate (two occurrences) showed 
great distance from its counterpart though a high devoicing ratio (60% of the duration of its 
realizations was voiced, that is approximately twice that of its counterpart). The voiced postalveolar 
fricative also occurred infrequently. It showed high variability, which meant that it even appeared in 
the middle the interval of its counterparts (which were frequent), or it was fully voiced. 

The duration of the consonant differs greatly. The shorter duration of the voiced consonants can be 
accepted as a general tendency, but the difference depends upon several parameters. Taking the velar 
plosives into consideration again, these overlapped often in terms of their voiced part ratio in word 
internal position, and showed no overlap in their duration. By contrast, in utterance final position, 
where the difference of their voiced part ratio did not reach the level of significance, their duration 
overlapped entirely. 

Main differences in the nonsense word and spontaneous speech data 
The data for voiced parts ratios showed higher diversity in spontaneous speech at certain places of 

articulation (in the case of the plosives, at the posterior ones). 
Neither the voiced part ratio nor the consonant duration showed similar amount of neutralization in 

laboratory speech compared to the case of velars in utterance final position in the spontaneous one. 
The reason might be the difference in the speech styles. 

The differences relating to the places and manners of articulation were supported in the present 
experiments, as well. Both speech modes showed lower (ratio and frequency of) devoicing for 
plosives, than for fricatives (with the higher variability of the palatal and velar plosives). The 
combination of the two manners of articulation in fricatives favors the lower ratio of voicing. The 
voicing ceased rarely in the labiodental fricative in non word, and utterance final positions; it was 
characteristic for the alveolar, while the results for the postalveolar were diverse. The frequency may 
be a reason for this, but Bárkányi & Kiss (2009) found that the existence of a minimal pair does not 
affect the realizations and, as mentioned above, the realizations in the spontaneous speech did not vary 
with the frequency of their own or their counterpart, but rather with the position in the utterance. 

Word frequency was assumed to play a role in several features, like in vowel neutralization, or in 
the neutralization due to voicing assimilation (summary: Ernestus et al. 2006). The function of the 
word in the speech/utterance may also play a role in the realizations (e.g. Gósy & Horváth 2010; Dér 
& Markó 2010; but the results were not different for all analyzed words). The stress patterns also 
differ in the speech styles3, and this has also been proved to play a role in phonetic voicing in some 
languages. The studies analyzed word stress, but the sentence accent cannot be ignored either. These 
issues were not investigated in the present study, but they may contribute to the differences between 
the two modes. 

Regarding stress patterns, the nonsense words can contribute some relevant data. The V#_V and 
the -V_V- positions differed in the duration patterns of the preceding  realizations. The preceding 
vowel differed significantly before the [+ voice]/[- voice] counterparts, though it is itself a definite 
article and therefore is more likely to be subject to centralization and reduction. The consonant itself is 
in the stressed syllable in the first case4. 

The frequency of occurrence is also crucial to? the number of analyzable realizations. As 
mentioned, and expected, in spontaneous speech the phonemes did not appear with the same 

                                                     
3 Stress and accent can be expressed by several features, and also appear and are perceived in a different way 

in the two speech modes (Markó 2012), therefore the probability of its effect exceeds the simple question of 
stress/accent position. 

4 In Hungarian the first syllable is stressed in all non-function words. 
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frequency, and their number also differed with regard to the position in the utterance. Therefore it is 
not possible to draw definitive conclusions, but it can be stated that the position in the utterance is of 
great importance, and that the less frequent consonants tend to follow the more frequent ones, while in 
some cases the reason for any difference needs further investigation. In the case of the affricates, the 
combination of the two manners of articulation may contribute to the phonetic voicing of the 
realizations in addition to the phoneme frequency. This brings us back to the palatal plosives. The 
unvoiced phoneme did not appear in the spontaneous speech, and the realizations of this phoneme and 
its voiced counterpart were to some extent different from those of the other plosives (e.g. Kovács 
2002; Gráczi 2011a). The reason for this difference is hypothesized to be due to the specific place of 
articulation (e.g. Ladefoged 1971), and the reason for the diverse realizations of the postalveolars may 
also be similar. 

The difference between the spontaneous and the laboratory speech may arise from the following. In 
the former, we did not restrict the vowel context (either the vowel itself or the equality of the 
preceding and the adjacent ones). The nonsense word results showed that the vowel context had the 
greatest effect on the vowel itself. However, the comparison of the [+voice]/[-voice] counterparts was 
carried out when they appeared in the same context. The speakers were also different, therefore 
interspeaker differences might have contributed to a lesser extent to the differences in the results for 
the two speech modes. The difference of the style of the two speech modes must be also considered, 
meaning that the speakers may aim to target closer productions in the case of laboratory speech. The 
spontaneous speech may cooccure more often with fast speech processes (for fast speech processes see 
Ács & Siptár 1994). 

Summary and conclusions 
I) The universal tendency in the effect of the place of articulation on the phonetic voicing was 
proved, but the resulting differences depend also on the manner of articulation. The plosives 
undergo devoicing less frequently and to a lower ratio than fricatives, as expected, as in the 
former only the closure results in pressure build up that may lead to the cessation of voicing, 
while in the latter the intense friction and the low airflow during phonation are also 
contradictory features. The posterior place of articulation leads to a lower voicing ratio in 
plosives, while  in the case of fricatives shows diverse realizations. 

II) The effect of the position in the utterance partially depends on the consonant itself 
(fricatives in utterance and word initial positions), but the word final and utterance final 
positions lead to a higher ratio of devoicing in both the plosives and fricatives, this phenomenon 
is enhanced in the latter case due to its aerodynamic features and articulatory settings (Westbury 
& Keating 1986). 

III) The effect of the phonetic context on the consonant voicing and duration mainly depends 
on the distance between the articulatory configurations of the vowel and the consonant. 

a) The context affects phonetic voicing to a lower ratio, and almost does not influence the 
separation of the [+voice]/[-voice] counterparts based on this parameter. 

b) The context effect on the consonant duration is greater. This may be as a consequence of 
the timing of the articulatory gestures and/or the distance between the configurations. The 
universal tendency for the duration of the [+voice]/[-voice] counterparts to differ in the same 
context is not influenced by these differences. 
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IV) The duration of the preceding vowel and its varying with the phonological voicing of the 
consonant depend mainly on its own articulatory configuration. It is important to note that the 
analyzed low vowel has no phonological length counterpart that would differ only in one 
gesture. Therefore a greater freedom could be hypothesized in its realization than in the other 
two analyzed vowels, which both have length counterparts differing only in one gesture. A 
reason might be the closer tongue height of the vowels to the consonants, resulting in a 
difference in the intergestural timing. In addition, the tempo of pressure build up might 
contribute to the different duration patterns of the vowels. 

V) The absolute duration of the vowels did not in all cases follow the expected pattern (see 
above), but the ratio of this and the duration of the consonant were different at a significant level 
in almost all cases. 

a)  The absolute duration of the vowel showed higher variability in relation to the 
phonological voicing of the consonant, reaching statistical significance in all cases in 
utterance final position. The duration of the unvoiced consonants was longer than that of the 
voiced ones in all positions, therefore articulatory timing cannot be the only reason for the 
vowel duration patterning. In the utterance final position, the voiced part ratios of the 
consonants showed higher frequency of overlap. A reason for this might be an attempt to 
retain the opposition. Also, final lengthening might be enhanced in the case of longer 
durations. 

VI) Only minor differences can be found between the results of the spontaneous speech and 
nonsense word reading results. The main reason for these differences might be the different 
speech styles, but several other phenomena might also play a part. This hypothesis can be 
proved or rejected only with further experiments. 

VII) Neither the frequency of the phoneme, nor its counterparts seem to play an important role 
in phonetic voicing. Earlier investigations found that the existence of minimal pair does not 
affect this characteristic either (e.g. Bárkányi & Kiss 2009), while the lexical frequency plays a 
role in the degree of neutralization caused by voicing assimilation (e.g. Ernestus et al. 2006). 
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