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Abstract 

In the present study three members of the Hungarian vowel 

inventory (/i/, /u/, /ɒ/) were analysed as a function of 

prominence, with respect to gender and vowel quality. The 

theoretically most prominent (stressed and accented) and non-

prominent (unstressed and unaccented) realizations were 

compared in terms of duration, f0, formants, and OQ. The last 
two of these parameters were analysed systematically for the 

first time to the study of Hungarian. 

On duration, there was a significant interaction between 

the effect of prominence and vowel quality: prominence led to 

longer duration for the vowels /ɒ/ and /i/, but had no 

significant effect on /u/. On f0, we found a three-way 
interaction effect between prominence, vowel quality and 

gender, due to different patterns observed in males and 

females in the case of the vowel /i/. Formant analysis based on 

Euclidean distance from the vowel space centroid did not 

reveal any significant effect of prominence. The comparison 

of F1 and F2 values showed considerable differences between 
the prominence conditions in the case of the second formant of 

/ɒ/. For OQ, we found different patterns for genders and 

vowels: prominence led to higher OQ values for women and 

lower OQ values for men. These between-gender differences 

were the most pronounced for the vowel /ɒ/. 

Index Terms: prominence, duration, f0, formants, OQ, vowel 
quality, gender, Hungarian 

1. Introduction 

Prominence effects operate in various domains of speech. 

Linguistic prominence can be interpreted at several prosodic 

levels, depending on the particular model applied and on one’s 

theoretical assumptions (see e.g., [1]). Languages vary in their 

marking of prominence both in terms of the phonetic features 
exploited and their contribution to lexical stress or sentence 

level accent. Several studies have examined articulatory or 

acoustic correlates of prominence in various languages, e.g., 

magnitude and velocity of opening and closing articulatory 

gestures, vowel formant patterns, spectral tilt, vowel intensity, 

pitch height or pitch change (see [1] for a review). However, 
the data are inconclusive to a large extent (for a review of 

studies on English that analysed the acoustic correlates of 

stress and accent, and found inconsistencies, see [2]). 

At the lexical level, stress is highly predictable in 

Hungarian, assigned to the initial syllable of a content word. 

The existence of secondary stress has not been verified 

phonetically [3]; however, first syllable stress can be shifted to 

another syllable when stress is used to express semantic and/or 
pragmatic contrast. While content words bear first syllable 

stress, function words (e.g., definite and indefinite articles, 

postpositions, and conjunctions) appear as clitics, and do not 

bear stress, with the exception of contrastive, pragmatically 

motivated occurrences. In contrast with many other languages, 

Hungarian is not assumed to display any covariance between 
word stress and vowel quality, as suggested by e.g., [4]. 

However, an actual in-depth analysis of the interrelation of 

vowel quality and lexical stress and/or sentence level accent in 

Hungarian has not yet been performed. 

Sentence level prominence can be realized in different 

ways in Hungarian. In broad focus sentences, each prosodic 
(content) word bears an accent. In the case of narrow focus, 

the focused constituent shows the highest prominence, while 

the ensuing elements are deaccented [5]. Narrow focus 

elements appear in specific syntactic positions, since 

Hungarian is an obligatory syntactic focus marking language. 

Due to the close interrelations between syntax and accent 
distribution, several studies have argued that prosodic means 

do not play an important role in prominence marking in 

Hungarian, which claim is also supported by evidence from 

both laboratory and spontaneous speech (see e.g., [5], [6]). 

However, some studies did find phonetic markers of focus 

prominence (see [7] and references), such as higher f0 peaks 
and steeper f0 fall on the narrow focussed element. 

With both lexical and sentence levels included, four 

degrees of prominence can be discerned in Hungarian: 

1. Initial syllable of a word in a narrow focus (preverbal 

focus) position, bearing both lexical stress and sentence level 

accent. 

2. Initial syllable of a content/prosodic word in broad 

focus position, bearing lexical stress only. 

3. Initial syllable of a verb in a verbal modifier + verb 

structure (forming a single prosodic word) in prohibitive 

sentences (with nehogy), when the first syllable of the verb 

bears sentence level accent, but it is not stressed (word stress 
is assigned to the first syllable of the verbal modifier; for 

further details see [8]). 

4. Non-initial syllables of content words and syllables of 

clitics (except for contrastive accent) bear neither word stress 

nor sentence level accent. 

The four degrees of prominence are summarized in Table 
1. with the enlisted characteristics. All four types are also 
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illustrated with an example, in which the syllables at hand are 
capitalized. 

Table 1: Degrees of prominence. 

Degree Word 

stress 

Sentence 

level 

accent 

Example 

1 + + 
MArit kérdezte meg. 

‘He asked Mary’ 

2 + − 
Megkérdezte MArit. 

‘He asked Mary’ 

3 − + 
Nehogy megKÉRdezze Marit! 

‘He should not ask Mary’ 

4 − − 
MaRIT kérDEZTE MEG. 

‘He asked Mary’ 

 

The most recent acoustic analysis of prominence in 

Hungarian is found in [8]. The authors’ aim was to tease apart 

lexical stress and sentence level accent by performing a 

contrastive analysis of Hungarian and German prominence 

marking. The target vowel was measured in stressed vs. 

unstressed and accented vs. unaccented conditions in terms of 

duration, intensity, spectral balance (calculated by subtracting 

the vowel’s sound pressure level from the level detected at 

high frequencies) and f0 maximum (12 participants, 2 

repetitions, target vowel: /o/). Two findings of this study are 

especially relevant for our present topic. Firstly, that duration 

played a role in expressing both stress and accent; and 

secondly, that only sentence level accent had an effect on 

intensity, spectral balance and f0. 

Although vowel duration was analysed with respect to the 

level of prominence in Hungarian, possible vowel quality 

differences as a function of prominence have not been 

analysed systematically in Hungarian either, since, to the 
authors’ knowledge, the apparent consensus that vowel quality 

is not expected to co-vary with lexical stress and/or sentence 

level accent is not supported by verifiable empirical evidence. 

Additionally, apart from a few earlier studies (see a review in 

[10]), whose methodological solutions were largely inexplicit, 

formant data have also not been analysed reliably. 

Although various studies have been devoted to finding 

phonetic correlates of prominence in Hungarian, most research 

considered only the acoustic domain. Fónagy, in his well-

known investigations of articulation, defined prominence (in 

general) based on the higher activity of the internal intercostal 

muscles [9]. In this monography he also remarks on certain 
results that support his claims on the interrelation of 

articulatory activity (or vocal effort) observed at the level of 

the larynx and linguistic prominence (done by 

electroglottography), but unfortunately, further details of the 

research (including its findings) are not documented. 

Nevertheless, ever since the fifties, no studies addressed the 
articulatory implementation of prominence in Hungarian, in 

any respect. 

Among glottal source parameters, the open quotient 

(henceforward OQ) is of considerable interest, since it has 

been reported to be related to voice quality [11]. OQ is defined 

as the ratio of the glottal open time over the fundamental 
period [11]. In an earlier study, based on five tense, and five 

lax German vowels read by five male and five female 

participants, [12] found that OQ data differed in terms of 

tenseness and stress, and that stress had an effect which 

interacted with gender: OQ values were found to be 7% higher 

for stressed vowels in females, but there was no difference 
found between the stress conditions in males. OQ was found 

to be the most reliable and consistent correlate of word stress 

by [13], who showed that word stress leads to a 2.5% decrease 

in the OQ, while focal accent did not affect it. In this study, 

the speech material (recorded with seven male speakers of 

German) consisted of one target vowel, /eː/, (in le syllables), 
which varied on two levels of focal accent and word stress, 

resulting in four different combinations (similarly to Table 1). 

In sum, based the above studies, the effect of the four possible 

degrees of prominence on the OQ parameter are yet 

inconclusive. 

In the present pilot study we compared Hungarian vowels 
produced in syllables of the (theoretically) highest degree of 

prominence (Degree 1) and those without any prominence 

(Degree 4), in order to explore, if prominence affects the 

values of (i) vowel duration, (ii) the first two formants, (iii) f0, 

and (iv) OQ. Consequently, in the present study we analysed 

the combined effect of lexical stress and sentence level accent, 
and did not aim to disentangle their (possible) separate impact. 

Based on the previous results summarized above, we expected 

differences between the prominence conditions both in the 

acoustic and articulatory measures. Additionally, we also 

analysed the effect of gender. In this respect, due to the well-

known differences in f0 range, the general voice quality 
differences between male and female speakers, and the results 

of [12], we hypothesized a main effect on f0 and an interaction 

effect of gender and prominence on OQ. Vowel quality was 

also hypothesized to affect duration (due to the different 

intrinsic durations of close and open vowels), OQ, and f0 (due 

to larynx height differences expected in close and open 
vowels). 

Our secondary aim was to investigate vocal fold vibration 

directly in the study of prominence effects in Hungarian, by 

the use of electroglottography. Although a large number of 

EGG-studies have already been performed on other languages, 

Hungarian differs from these with regard to both its word 
stress (fixed initial syllable stress) and sentence level accent 

(obligatory syntactic focus marking) characteristics. 

Therefore, the EGG analysis of prominence effects in 

Hungarian may provide further insights into the impact 

prominence exerts on laryngeal articulation. 

2. Methods 

2.1. Material 

Our pilot study was carried out using the corpus of an earlier 

study [14] from which we selected the target vowels in 

phonetically matched contexts uttered by 18 speakers (7 

women and 11 men; their age ranging between 23 and 43 
years; mean = 32.2 ys, SD = 3.8 ys). None of the speakers had 

any speech or hearing deficits. 

Three vowels were chosen for analysis: the front and close 

/i/, the back and close /u/, and the back and open /ɒ/ (i.e., the 

feature backness co-varied with lip rounding). The target 

vowels were analysed in the two prominence conditions: 
Degree 1, Degree 4 (see Table 1). The syllables containing the 

target vowels (marked bold below) were embedded into 

carrier sentences as follows (the numbers in lower indexes 

indicate degrees of prominence): 

/ɒ/1  Aha. Értem. ‘Okay. I see.’ 

/ɒ/4  A herendi porcelánnal tálalt... ‘She used the herendi 
china for serving...’ 
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/i/1  Kihív. ‘He dares you.’ 
/i/4  Valaki híreket hozott. ‘Someone brought news.’ 

/u/1  Puhul a nő... ‘The lady is getting less strict...’ 

/u/4  A lapu hullámokban takarja el az ösvényt... ‘The 

burdock covers the pathway in waves…’ 

The stimuli were recorded three times in a randomized 

order by SpeechRecorder [15] (in the original corpus). 

2.2. Methods 

The speech and electroglottograph signals were recorded with 

an EGG D-200 (produced by Laryngograph Ltd) and an 

omnidirectional condenser tie clip microphone at 44.1 kHz 
sampling rate and 16 bit in a sound treated room. 

The annotation of the speech sounds was carried out in 

Praat [16]. We measured the following parameters on the 

target vowels: (i) the duration of the vowel; (ii) the mean value 

of F1 and F2 measured on the middle 50 ms of the vowel; (iii) 

f0, and (iv) the mean OQ for all periods within the vowels, 
calculated from the EGG signal. 

Formant frequencies were measured in Praat and 

standardized using z-transformation [17] for visualization 

using the phonR package [18]. In addition to F1 and F2, the 

Euclidean distance (|d|) between the centroid of the vowel 

space and each vowel [19] was also calculated and used as a 
dependent variable. 

EGG signals were semi-automatically analysed using 

Praatdet [20], a Praat script implementing Peakdet [21] in the 

Praat scripting language using autocorrelation [22] for peak 

detection. The range of f0 was set to 70-250 Hz for males and 

100-350 Hz for females. Opening and closing instants of the 
glottal period were determined with a hybrid method [23], 

which defines the closing instant at the positive peak of the 

first derivative of the EGG signal (dEGG), whereas glottal 

opening is defined relative to the maximum of the EGG signal, 

using a threshold of 3/7. OQ is then calculated by dividing the 

length of the open phase (time difference between opening and 
closing instant) by the length of the entire glottal period 

(defined as the time difference between two consecutive 

positive dEGG peaks). Both the EGG and dEGG signals were 

smoothed with moving average filter, using a smoothing step 

of 10. 

2.3. Statistical analyses 

Due to mispronunciation, two male speakers’ /ɒ/-realizations, 

and one other male speaker’s /u/-realizations had to be 

eliminated from the analysis. 

We used the lme4 [24] package in R [25] to perform a 
linear mixed effects analysis of the effect of prominence, 

vowel quality, and gender (as fixed effects) on duration, F1, 

F2, |d|, f0, and OQ values. In these models, we also included 

random intercepts for subjects, and random slopes by subject 

for the effect of prominence. Assumptions of 

homoscedasticity or normality were tested by visual inspection 
of residual plots. P-values were obtained via the Satterthwaite 

approximation. Pairwise comparisons were carried out with 

Tukey’s post hoc tests. 

3. Results 

The mean and standard deviation of the values of all the 

measured dependent variables are shown as a function of 

gender and vowel quality in Table 2. The statistical analysis of 

the data is presented in the following subsections. 

Table 2: Results for the measured dependent variables 

as a function of gender and degree of prominence 

(mean ± 1 SD). 

 
Duration 

(ms) 

F1 

(Hz) 

F2 

(Hz) 

f0 

(Hz) 
OQ 

Female speakers 

/ɒ/4 77±27 774±123 1198±137 200±39 0,62±0,07 

/ɒ/1 45±18 807±121 1394±220 207±36 0,61±0,08 

/i/4 67±18 390±63 2024±589 192±32 0,58±0,06 

/i/1 54±12 400±61 2108±597 211±33 0,59±0,06 

/u/4 70±14 430±45 863±358 241±54 0,61±0,06 

/u/1 73±17 434±48 882±354 248±39 0,60±0,05 

Male speakers 

 83±23 642±82 1068±148 118±17 0,61±0,06 

/ɒ/1 57±20 640±151 1288±378 124±18 0,66±0,06 

/i/4 78±15 337±38 2205±229 129±23 0,56±0,05 

/i/1 61±13 319±28 2206±255 125±20 0,60±0,07 

/u/4 75±14 354±35 863±313 145±27 0,58±0,05 

/u/1 74±14 376±51 866±445 162±25 0,57±0,08 

3.1. Vowel duration 

There was a significant interaction between degree of 

prominence and vowel quality (F(2, 282.85) = 25.015, p < 

0.001): while /ɒ/ and /i/ were significantly (p < 0.001) longer 

if they bore prominence, /u/ showed no such effect. For /u/, 
durations measured in both prominence conditions were 

similar to the duration values measured in the Degree 1 

condition for the other two of the vowels. With respect to 

duration, males and females showed similar patterns (see 

Figure 1). 

 

 

Figure 1: Vowel durations as a function of prominence 

and gender (mean ± 1 SD). 

3.2. Formant data 

No significant effect of prominence was observed on F1 (F(1, 
98.74) = 0.91, p = 0.342). On F2, however, prominence 

showed a significant effect (F(1, 79.448) = 4.88, p = 0.030): 

F2 was lower in vowels bearing prominence than in vowels 

realized without prominence. 

Although prominence had a significant effect only on the 

values of the second formant, Figure 2 clearly indicates that 
with respect to the standardized values, the variability of both 

formants is considerably smaller in most of those cases, where 

the vowel bore a higher degree of prominence: /u/4 (SDF1 = 

0.258, SDF2 = 0.623) vs. /u/1 (SDF1 = 0.178, SDF2 = 0.468); 

/ɒ/4 (SDF1 = 0.684, SDF2 = 0.614) vs. /ɒ/1 (SDF1 = 0.435, SDF2 

= 0.384). This pattern emerged in both genders. 
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Figure 2: Standardised F1 × F2 space of the analysed 

vowels as a function of prominence and gender (left: 

females, right: males). 

 

Euclidean distance from the vowel space centroid was not 

influenced by the degree of prominence significantly (F(1, 

289.93) = 0.379, p = 0.538). 

3.3. Fundamental frequency 

For f0 (Figure 3) we found a significant three-way interaction 

between prominence, gender, and vowel quality (F(2, 281.14) 
= 5.162, p = 0.006). Most probably, the interaction effect 

originates in the differences of the effect of prominence 

observable in /i/ for males and females: in males, /i/ had 

higher f0 in the Degree 1 prominence condition, but in 

females, the f0 was lower. 

 

 

Figure 3: F0 of the analysed vowels as a function of 

prominence and gender (mean ± 1 SD). 

3.4. Open quotient 

Figure 4 shows the OQ-results by gender and vowel quality as 

a function of degree of prominence. 
 

 
Figure 4: OQ of the analysed vowels as a function of 

prominence and gender (mean ± 1 SD). 

As for OQ, interaction effects of prominence and gender (F(1, 

17.96) = 5.799, p = 0.27) and prominence and vowel quality 

(F(2, 281.69) = 3.889, p = 0.022) were found. These 

interactions may result from the effect of prominence, which 

differs as a function of gender in the case of the vowel /ɒ/. 

Pairwise comparisons revealed that the OQ is significantly 

lower in the realizations of /ɒ/ in the Degree 1 prominence 

condition in males, while in females, OQ was found to be 

higher (but in the latter case, no significant difference was 

found). 

4. Discussion and conclusions 

In the present study three members of the Hungarian vowel 

inventory (/i/, /u/, /ɒ/) were compared as a function of 

prominence regarding their duration, f0, F1 and F2, and OQ. F1, 

F2, and OQ were analysed systematically for the first time in 
Hungarian, with respect to the effect of prominence. 

Vowel durations were clearly affected by the degree of 

prominence: two vowels out of three, /ɒ/ and /i/,were 

significantly longer in the Degree 1 condition (lexical stress + 

sentence level accent) than in the Degree 4 condition (no 

stress + no accent), while  /u/ showed no such differences. 
This result is in line with those reported by [8]. With respect to 

f0, however, our findings differ from those published in [8], 

since in the present study prominence did not have an effect 

on f0. This inconsistency may reflect that f0 is not as regularly 

affected by lexical stress and sentence level accent as vowel 

duration, but it also may stem from the methodological 
differences we applied in the two studies. 

Analysis of F1 and F2 data was carried out in two ways: 

first we compared F1 and F2 values separately as a function of 

the degree of prominence, and then we calculated and 

compared Euclidean distances of vowel realizations from the 

vowel space centroid. While the latter comparison did not 
reveal a significant effect of prominence; the first comparison, 

showed considerable differences in the case of F2 in /ɒ/. The 

observed effect of prominence in the case of /ɒ/ may have 

resulted from the difference in the linguistic function of /ɒ/ in 

the Degree 1 and Degree 4 conditions, namely that in the 

Degree 4 condition /ɒ/ was represented by a definite article (in 
sentence initial position), as opposed to the /ɒ/s in the Degree 

1 condition and the rest of the target vowels, which were all 

represented by segments uttered as parts of longer words. 

Additionally, we also found that F1 and F2 show smaller 

variability in vowels bearing lexical stress and sentence level 

accent, than in those which are not stressed and accented. 

Analysis of OQ showed that prominence interacts with 

gender in the case of /ɒ/, that is, we found that in this specific 

vowel, the effect of prominence works in opposite directions 

in males and females. The interaction in itself is in line with 

the findings of [12], in which interaction of lexical stress and 

gender was found for OQ in German vowels. The interaction 
effect, however, is partly different in the two studies. In line 

with [12], in the present study we found that females produce 

the stressed and accented realizations of /ɒ/ with higher OQ 

(although the magnitude of the difference between the 

conditions was considerably smaller in our data than in the 

German data). Unlike [12], however, we also found that in 
males the OQ was lower in the stressed and accented 

condition than in the no stress and no accent condition. 

In conclusion, in agreement with earlier studies, we 

corroborated that vowel duration is most probably an acoustic 

cue of prominence in Hungarian. In our study, however, the 

prominence marking role of further parameters was not 
confirmed. The present results raise the question if f0 really 

plays a role in accent marking in Hungarian. We also suggest 

that OQ deserves further investigation with respect to the 

combined effect of prominence, vowel quality, and gender. 
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