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Abstract

In the present study we searched for an answer to the question
if in Hungarian, similarly to the so far investigated Germanic
languages, accent results in sonority expansion and/or
localized hyperarticulation. The analysis was performed by
EMA, with the participation of 9 speakers. Four vowels /i, u, o,
a/ were tested in nonsense pVipVipVipVisequences uttered as
sentences. Accented (first) and unaccented (second) syllables
were compared. In terms of lip aperture index and duration,
sonority expansion was detected in general, but post hoc tests
did not show the same effect for each vowel as a function of
accent. Tongue positions did not show differences, however the
Euclidean distance from the acoustic vowel space centroid
differed in accented and unaccented vowels, which might be
traced back to the F differences, probably due to the lip
aperture enhancement in /a:/. All considered, effects of sonority
expansion were observed, however, data did not show localized
hyperarticulation patterns.

Keywords: accent, sonority expansion, localized hyper-
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1. Introduction

A tendency can be observed for making accented segments
more salient at various levels of human communication, not
only in a prosodic way. In prominent positions, articulation is
strengthened, i.e., articulatory gestures in these segments tend
to be realized with increased spatio-temporal magnitude.
Expression of contrast between prominent and non-prominent
segments might be reached by sonority expansion and/or local
hyperarticulation (see an overview in Miicke & Grice 2014).

Beckman et al. (1992) defined ‘sonority expansion strategy’ as
an intention of the speaker to produce a louder vowel in the
accented syllable. In articulation, this intention leads to a more
open oral passage over a longer period. Based on Lindblom’s
(1990) H&H model, de Jong (1995) proposed the strategy
of ’localized hyperarticulation’ which suggests that in the
accented syllables speakers are prone to utter more peripheric
vowels (in terms of tongue position) in order to differentiate
vowel qualities to a larger extent. Interpretation of
hyperarticulation in the case of vowels obviously depends on
the place of the target within the vowel space. Accordingly, if
hyperarticulated, low vowels are produced with a lower tongue
position, front vowels in general show a more fronted tongue
position, while non-low front vowels exhibit a higher tongue
body posture, and back vowels are pronounced with a more
retracted tongue position (de Jong 1995; Harrington et al. 2000;
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Cho 2005). All considered, in the case of low vowels, both
sonority expansion and localized hyperarticulation elicit lower
tongue position and more open oral cavity, therefore the two
strategies strengthen each other. However, in non-low vowels,
the two goals are in conflict, as e.g. in the case of /i/ sonority
expansion (mouth opening) contradicts with the reaching of the
target more precisely (localized hyperarticulation). In this case,
two contradictory effects may operate: either opening of the
lips/mandible or tongue raise and fronting (Harrington et al.
2000).

In the prosodic focus marking languages (like German, English
or French) evidence was found both for localized
hyperarticulation and sonority expansion as well as segmental
lengthening in the case of prominence (e.g., Cho 2005;
Baumann et al. 2007). Harrington et al. (2000) analyzed
Australian English /i & a/ in two speakers. The authors observed
large individual differences in the ratio of hyperarticulation and
sonority expansion. For accented /i/ they found higher tongue
position in one of the speakers, while more fronted tongue in
the other one.

In Hungarian, these tendencies have not been analyzed so far.
Since Hungarian is an obligatory syntactic focus marking
language (Genzel et al. 2015), accentuation plays a limited role
in expressing focus (Mady & Kleber 2010) compared to the
widely studied (mostly Germanic and Romance) prosodic focus
marking languages. In prosody, Hungarian (sentence) accent is
mainly indicated by f0 (e.g., Szalontai et al. 2016).
Additionally, due to the fixed first syllable word stress, the
position of word level prominence is also constrained and
predictable.

As vowel quantity is distinctive in Hungarian, it was argued that
lengthening cannot extensively be used for accentuation (see
e.g., Mady & Kleber 2010). Recent studies, however, have
found that longer vowel duration plays a role in the expression
of prominence (e.g., Szalontai et al. 2016; Mark¢ et al. 2018;
2019).

With respect to vowel quality in terms of prominence,
Hungarian does not exhibit phonological vowel reduction (Gésy
1997), therefore segmental features of prominent vs. non-
prominent vowels have hardly been analyzed systematically in
Hungarian. Non phonological nature vowel centralization has
been documented in spontaneous speech (e.g., Gosy 1997) but
in these studies, prominence effect was not controlled. In a
preliminary study (on a material which was recorded with
another purpose and therefore was not perfectly controlled in
terms of prominence and vowel quality) we performed a
formant analysis of /u/, /i/, /o/ vowels uttered in accented +
stressed vs. unaccented + unstressed syllables (Marko et al.
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2018). F2 was lower in vowels bearing prominence than in
vowels realized without prominence, although Euclidean
distance from the vowel space centroid was not influenced by
prominence. Variability of both formants was considerably
smaller in /u/ and /o/ if the vowel bore prominence, while /i/ did
not show the same pattern. In another study (Marko¢ ez al. 2019),
acoustic comparison of /u/, /i/, /o/ and /e/ was carried out
between sentence-initial focus (higher prominence) and
sentence-initial topic (lower prominence) positions, where the
target vowels appeared in the first syllable (bearing word stress).
In this case, variance of F2 was also found to be smaller in focus
position compared to that of topic position. In sum, in the
previous studies on Hungarian vowels in accented and non-
accented syllables, second formant values appeared to tend to
be less variable in more prominent positions, which might be
the result of localized hyperarticulation.

As we have seen, only a few acoustic data are available on
Hungarian vowel realization differences as a function of
prominence. With respect to the articulatory domain,
nevertheless, there is no data on supraglottal articulatory
characteristics of prominent and non-prominent vowels in
Hungarian at all. The aim of the present study, therefore, was to
compare segmentally identical and consecutively produced
accented + stressed (first) vs. unaccented + unstressed (second)
syllables, where the difference between these syllables is
supposed to be maximal, both in the acoustic and the
articulatory domains.

Our research question is twofold: whether any acoustic and/or
articulatory evidence of either localized hyperarticulation or
sonority expansion as well as segmental lengthening can be
observed in Hungarian, as a function of prominence. Based on
the above-mentioned previous results, we expected differences
between the vowels appearing in accented and in unaccented
syllables in both localized hyperarticulation (in terms of tongue
position and acoustic vowel space) and sonority expansion (in
terms of lip aperture and vowel duration).

2. Method

2.1. Participants, material, and data recording

Nine healthy native speakers of Hungarian participated in the
study (all females, aged 25.2+5.9 years). They produced four-
syllable nonsense words as single utterances with the structure
of pVipVipVipV1, where the V-to-V coarticulation effect was
eliminated using the same vowel qualities over the syllables.
Minimum 6 occurrences of each target word were recorded, in
a random order, among fillers. The words were displayed on a
computer screen.

Four edge vowels of the Hungarian vowel space were selected
for the experiment: back and high /u/, front and high /i/, back
and low /p/ and medial and low /ai/. (NB: /a:/ phonologically
behaves as a back vowel, and its quantity is always long, as it
functions as the long phonological counterpart of /v/. /i/ and /u/
have long phonological pairs with the same vowel qualities: /i:/
and /uz/, but these latter occurrences were not tested here.)

Data recordings were carried out in a sound treated room using
a Carstens EMA AG501 system. We recorded the upper and
lower lip movements, and the tongue movements at tongue tip
(TT), tongue blade (TBL), and two points on the tongue dorsum
(TBO1, TBO2). Synchronously, we recorded the acoustic signal
with head-mounted omnidirectional condenser microphone, at
44.1 kHz.

2.2. Data processing and analysis

Head movement and bite plane corrections were done by the
Carstens software, while further post-processing (3D-2D
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conversion, and production of Emu-compatible ssff tracks) was
carried out by the custom-made converter of the IfL. Phonetik,
University of Cologne. Segmental labelling of the audio signal
was carried out semi-automatically using the BAS web services
G2P (Reichel 2012) and MAUS (Schiel 1999). For gestural
labelling we used Emu (Winkelmann et al. 2018).

The following acoustic data were obtained from the audio signal
in the case of the first and second syllables’ vowel: duration, as
well as fo, F1 and F2 at the temporal midpoint of the target
vowels. On the basis of F1 and F2 data, the Euclidean distance
of the acoustic vowel space centroid and each token was
calculated.

The difference in prominence between the first and second
syllable vowel was controlled by the difference of the f0 values
(Figure 1). The values showed significant difference (F(1,
418.03) =180.32, p <0.001), and the post hoc tests showed p <
0.001 significance in all vowel qualities. Thus, the first syllable
was considered as accented, while the second one as unaccented
syllable.

I accented
I unaccented

250

2257

2007

1757

FO (Hz; mean +- 1 SD)

150

1257

T 1 I 1
i u o] a

Figure 1: F0O (mean and SD) as a function of prominence.

From the articulatory data, the horizontal and vertical
displacement of the lip sensors and the first tongue dorsum
(TBO1) sensor (obtained also at the temporal midpoint) were
used in the present analysis. The horizontal (x) and the vertical
(y) positions of the TBO1 (3 cm from the tongue tip) receiver
coil were measured and normalized based on Cho (2004). In
order to get compatible data across speakers, the minimum and
maximum of x and y values were obtained for each speaker. In
terms of horizontal axis, the minimum x value was the extreme
case of /u/, i.e. the backmost tongue position for /u/ (0%), and
the maximum x value was the extreme case of /i/, i.e. the most
fronted tongue position for /i/ (100%) (Figure 2).

0% /u:/ 100% /iz/

Figure 2: Reference points used for the normalization of
sensor positions: v/ = 0%,), /i/ = 100%), and the scale defined
by these extremes on the x axis (based on Cho 2004).
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Likewise, the minimum y value was the extreme case of /a:/ (the
lowest tongue position for /a/, 0%) and the maximum y value
was the extreme case of /i/ (the highest position of it, 100%).
Based on the horizontal (x) and the vertical (y) positions of the
TBOL sensor, the Euclidean distance of the articulatory vowel
space centroid and each token was calculated.

Vertical (y) positions for the upper lip and the lower lip
transducers were examined. These positions were used to
calculate the distance between these receivers, called lip
aperture y (lip aperture y =upper lip y — lower lip y; Byrd 2000),
then normalized for each speaker. Lip aperture y maximum per
participant provided 100%.

GLMMs were run on the data in R (R Core Team 2018), using
the Ime4 package (Bates et al. 2015). p-values were obtained
via the Satterthwaite approximation available in ImerTest
package (Kuznetsova et al. 2017). We included random
intercepts for speakers. Post hoc analysis (Tukey test) was
carried out by Ismeans package.(Lenth 2016).

3. Results

Localized hyperarticulation was operationalized by the
differences of tongue position and acoustic vowel space, while
sonority expansion was measured by lip aperture and duration
differences between accented (first) and unaccented (second)
syllable vowels.

Tongue positions did not show differences (Figure 3), neither
in horizontal nor in vertical dimension. However, Euclidean
distance from the acoustic vowel space centroid differed
between accented and unaccented vowels (F(1, 445.92) =8.92,
p <0.01) (Figure 4).
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accent ® accented © unaccented

Figure 3: Tongue position (%, mean and SD) of the analyzed
vowels as a function of prominence.

This is probably due to the difference detected in Fi (F(1,
411.14) = 4.69, p < 0.05). Although, post hoc test was not
significant in any of the vowels, a vowel-dependent tendency
can be observed in F1 (Table 1). In all vowel qualities, accented
realizations appear to be ‘lower’, however vertical tongue
position did not vary as we have seen above. F2 did not differ
between the target vowels as a function of accent.

Lip aperture y (Figure 5) showed significant differences
between accented and unaccented vowels (F(1, 445.96) = 3.87,
p<0.05), however, post hoc test was significant only in the case
of /ai/ (p < 0.001). Duration (Figure 6), in general, differed
between the conditions (F(1, 411.02) = 4.40, p < 0.05) but post
hoc tests did not replicate this effect within any of the vowel
qualities.
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Figure 4: F; x F> space of the analyzed vowels as a
function of prominence.

Table 1: F; values as a function of the prominence

(mean and SD).

accented unaccented
i/ 334449 Hz 324+40 Hz
u/ 338+45 Hz 326+57 Hz

o/ 661+112 Hz 654+97 Hz
Jai/ 939+112 Hz 906+106 Hz

80
I accented
I unaccented
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401

Figure S: Lip aperture y values (mean and SD) as a
function of prominence.
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Figure 6: Tongue position of the analyzed vowels as a
function of prominence.
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4. Discussion and conclusion

The present study searched for an answer to the question if in
Hungarian, similarly to the so far investigated Germanic
languages, accent results in sonority expansion and/or localized
hyperarticulation. Tongue position data suggest that in accented
syllables localized hyperarticulation did not occur in the
analyzed vowels. On the basis of lip aperture measurement,
sonority expansion appears to be an existing strategy in
expressing accent, especially in the case of the phonologically
long /a:/. The acoustic data showed differences in Fi, which
might be traced back to the differences of lip aperture, since
tongue positions did not vary as a function of accent.
Differences of F1 might influence the Euclidean distance from
the acoustic vowel space centroid leading to differences
between accented and unaccented syllables. Vowel duration
data also correspond to the sonority expansion strategy.

As for our presupposition, with respect to prominence these data
confirm sonority expansion strategy in the case of the analyzed
Hungarian vowels, but we did not find evidence of localized
hyperarticulation.

Tendencies of prosodic strengthening, as in English, showed
variable patterns, thus individual differences might have led to
non-significant results. In the present experiment we used
nonsense speech material, which made it possible to control
various effects to a large extent, however, it might have resulted
in a rather artificial output. Finally, the present analysis was
carried out on static data (basically obtained from the temporal
midpoint of the vowels), but kinematic characteristics have not
been analyzed yet. Further studies are necessary to analyze for
example kinematic data, real words, and individual differences.
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