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LOOKING AT INTRA-SPEAKER VARIATION
ON SEVERAL DIMENSIONS IN FRENCH

Cécile Fougeron
Laboratoire de Phonétique et Phonologie (CNRS & U. Sorbonne Nouvelle)

cecile.fougeron@sorbonne-nouvelle.fr

Our knowledge on speech production is mainly based on group data, where speakers are
recorded a limited number of times and grouped together to obtain a global ‘averaged’ pattern.
Although, there is a general recognition that speech varies from speaker to speaker and from
token to token, variations between speakers and within a speaker’s speech are often treated as
random variables and are poorly understood.

In this presentation, I will focus on variation in a speaker’s speech, i.e. intra-speaker variation.
A better understanding of the sources and the extent of intra-speaker variation is particularly
important when we use speech to infer information about an individual, usually from a single
recording, such as speaker identity in forensic phonetics or speaker condition in clinical
phonetics. It is also important for our fundamental knowledge of the speech production
mechanism when we consider the range of adaptation a speaker is able - or not - to make in the
different contexts (situational, emotional, interactional) in which speech is used in real life.
In this talk, I will present ongoing studies in French that aim to document how and to what
extent speakers' speech varies within a single session or between different sessions with various
delays.Intra-speaker variation is investigated on several speech dimensions and is compared to
inter-speaker variation.
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PROBING THE PHONETIC BASES OF VOICE SIMILARITY:
IMPLICATIONS FOR VOICE PARADES

Kirsty McDougall
University of Cambridge
kem37@cam.ac.uk

Introduction

A voice parade is similar to a visual identity parade, only rather than viewing a line-up of faces,
the ‘earwitness’ is played a series of speech recordings including the voice of the suspect and a
number of ‘foil voices’ from which they attempt to pick out the voice that they heard at the
crime scene. In England and Wales, voice parades are currently conducted according to
guidelines published in 2003 (Home Office 2003). The procedure has been successfully
implemented in a number of cases (e.g. de Jong-Lendle et al. 2015), although its use is relatively
rare (Robson 2017). According to the guidelines, a voice parade should consist of nine voice
samples, each containing 60 seconds of short extracts (whole utterances) of spontaneous speech
edited together to give an overall impression of the speaker’s voice. The procedure is continuing
to evolve with developments in technology and research understanding (e.g. McDougall 2013).
Understanding voice similarity — that is, why listeners perceive some voices to sound more
similar to each other than others — is essential when it comes to choosing suitable speakers to
act as foils in a voice parade. In order to provide a fair comparison against a suspect’s voice,
foil voices should be perceived by lay listeners as sounding relatively similar to the suspect and
each other with none of the line-up of speakers markedly standing out from the rest (Nolan and
Grabe 1996). Research into listeners’ perception of voice similarity is limited and the phonetic
correlates of voice similarity are under-explored (cf. Nolan et al. 2011 and references therein).
The present paper will outline some research into the phonetic underpinnings of perceived voice
similarity conducted on accents of British English.t

Voice Similarity: An Experiment on Standard Southern British English

When listeners perceive voices as sounding similar to each other, there may be two sources of
similarity contributing to this percept: linguistic factors and personal factors. Linguistic factors
concern the language or dialect and accent(s) used by the speakers (Nolan et al. 2011). Personal
factors are related to speakers’ anatomies and the individual choices they make to execute the
movements for speech. As a first step towards understanding these two sources of speaker
similarity and their interrelationship, the approach of the work presented here is to hold
linguistic factors constant and examine personal factors, by considering groups of speakers with
the same linguistic and demographic background.

The DyViS database (Nolan et al. 2009) of recordings of 100 speakers provides one such pool
of speakers of the same sex (male), age (18-25 years), education level (university), and accent
background (Standard Southern British English, SSBE). By asking a group of listeners to judge
the extent of (dis)similarity between pairs of speakers within such a matched-demographic
group, the analyst can assess relationships between the phonetic characteristics of the individual
speakers and patterns of perceived voice similarity. The extent of voice similarity among 15
DyViS speakers from such an experiment (Nolan et al. 2011, McDougall 2013) is shown in

! The author is sincerely grateful to the colleagues who have collaborated with her at various stages of the studies
described here: Anil Alexander, Nathan Atkinson, Gea de Jong-Lendle, Peter French, Linda Gerlach, Erica Gold,
Philip Harrison, Toby Hudson, Finnian Kelly, Christin Kirchhiibel, Nikolas Pautz, Alice Paver, Elaine Schmidt,
Harriet Smith, Louisa Stevens, and especially Francis Nolan. The most recent work was conducted within the
IVIP project ‘Improving Voice Identification Procedures’ which is funded by the UK Economic and Social
Research Council, reference ES/S015965/1, https://www.phonetics.mmll.cam.ac.uk/ivip/.
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Figure 1A, a plot resulting from applying multidimensional scaling (MDS) to the pairwise
judgements of 20 British English-speaking listeners. Listeners had been asked to judge the
similarity of all pairings of the 15 speakers on a nine-point Likert scale from 1 (very similar) to
9 (very different). The stimuli were two 3s samples of spontaneous speech per speaker. The
first two dimensions from the MDS are shown on the graph: the closer the datapoints for any
two speakers, the more similar-sounding they were judged by the listeners.
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Figure 1. A: Plot of the first two of five dimensions produced by the MDS, showing perceived
distances among the 15 speakers (labelled with DyViS speaker numbers). B: Significant
correlations (p < 0.05) between the five MDS dimensions and the phonetic properties tested.

In order to determine whether the voice similarity judgements had any underlying phonetic
basis, the correlation between the MDS dimensions and a number of phonetic properties (f0,
long-term average formant frequencies (LTF) F1-F4, articulation rate, and voice quality
features using Vocal Profiling Analysis [VPA, Beck 2005]) was tested. Each phonetic feature
that yielded a significant correlation with a given MDS dimension is shown in Figure 1B. The
phonetic properties most important for perceived voice similarity are those correlating with
Dimension 1, that is, mean f0 and the VPA features creaky voice, larynx height, larynx tension
and pharyngeal expansion. These features are all linked to the larynx and pharynx. Dimension
2 is correlated with LTF F2 and fronted tongue, Dimension 3 with advanced tongue tip/blade,
and Dimension 4 with LTF F1. So for this group of SSBE male speakers, one might propose
that a key element of perceived voice similarity relates to the larynx and pharynx
(Dimension 1), while factors relating to supralaryngeal configuration are also important
(Dimensions 2/3/4). Articulation rate did not yield a significant correlation in this experiment.

Voice Similarity Within and Between Different Accents

The above study of 15 SSBE speakers (henceforth ‘SSBE1”) has been extended to examine
multiple groups of speakers, each homogeneous for accent and demographic within-group, but
with different accents between the groups (McDougall 2021). Two further groups from DyViS
(henceforth ‘'SSBE2’ and ‘SSBE3”) were added to the SSBE1 group to enable a within-accent
comparison, as well as three further groups, one each from York, Bradford and Wakefield in
Yorkshire, England. There were 15 speakers in each group, also all male and aged 18-25 years
(SSBE, York) or 18-30 years (Bradford, Wakefield). The speech was taken from YorViS
(McDougall et al. 2015) for York, and WYRED (Gold et al. 2018) for Bradford and Wakefield,
both databases using the same speaking tasks as DyViS. The format of the experiment for the
five new speaker groups was the same as the previous experiment. 100 different listeners (20



per speaker group) judged the similarity of the voices within one of the five new groups. In the
acoustic analysis, long-term f0, LTF F1-F4, and articulation rate were measured for each

speaker.
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Figure 2. Significant correlations (absolute value; p < 0.05) between the five MDS
dimensions (dim1-5) and the acoustic-phonetic properties tested for the six speaker groups.

For each group of speakers, the acoustic-phonetic measures which yielded significant
correlations with an MDS dimension are shown in Figure 2.2 Long-term fO plays an important
role in listeners’ judgement of voice similarity, frequently occurring as the feature correlating
with the lowest (i.e. Dimension 1) or one of the lowest dimensions in each analysis. LTF
measures produce significant correlations in different ways across the six groups. LTF1 reveals
a significant result for at least one dimension for all groups except Wakefield, while LTF2
appears for all but SSBE2 and Wakefield. LTF3 only correlates with a higher dimension (4) for
Wakefield and likewise for LTF4 in SSBE2. Articulation rate is significant for SSBE3 and York
only, and only in higher dimensions (4 and 5, respectively). In overview, within the SSBE
accent groups, relationships between acoustic features and perceived voice similarity are
similar, but not identical, with fO and F1 featuring predominantly. The different Yorkshire
groups show a consistent role for fO, with variable results for LTFs and articulation rate.

The Impact of Sample Duration on Voice Similarity Judgements

A further question with respect to perceived voice similarity in the study above is whether, at
3s, the brevity of the stimuli allows sufficient time for the long-term features analysed to
become established for the listeners making each judgement. To follow this up, McDougall et
al. (2022) conducted an experiment using 10s speech stimuli, focusing on the 15 speakers in
the SSBE2 group. Since the longer stimuli increased the size of the task, the 120 speaker
pairings requiring judgement were randomly divided into four subsets, and 20 listeners were
allocated to each subset. Normalisation processes were applied both to the existing judgements
of the 3s stimuli for SSBE2 and the new judgements. Correlations between the newly
determined MDS dimensions and the speakers’ long-term fO, LTF F1-F4 and articulation rate
were calculated. For both 3s and 10s stimuli, fO played a key role in voice similarity judgements.
LTF measures gave relatively consistent correlation patterns in higher MDS dimensions.
Avrticulation rate did not show any significant correlation for either 3s or 10s samples. Although
perceived voice similarity appears to be somewhat variable, the new analysis did not highlight
different phonetic features emerging as important when longer stimuli were used.

2 Note that the results for SSBE group 1 differ from those presented earlier due to use of different MDS
procedures and correlation formulae: McDougall (2013) used ALSCAL MDS and Spearman correlation (due to
the non-continuous scales of VPA variables); McDougall (2021) used INDSCAL MDS and Pearson correlation.



Automatic Assessment of Perceived Voice Similarity?

A further direction for this work on perceived voice similarity has been to examine relationships
between listeners’ judgements and ASR-based (Automatic Speaker Recognition) assessments
of the similarity of speakers (Gerlach et al. 2020, 2023). In Gerlach et al. (2023), the listener
judgements of the similarity of speakers in the six groups described in the McDougall (2021)
experiment above were tested for their correlation with ASR assessments produced by a number
of ‘sessions’ available in the software VOCALISE (Kelly et al. 2019). VOCALISE provides
automatic approaches to speaker modelling using different combinations of x-vectors, i-vectors
and automatically extracted phonetic features. In this study, comparison scores using two
samples (~4 mins) per speaker were generated by VOCALISE and used to indicate the
similarity of pairs of speakers. Correlations between ASR comparison scores and listener
judgements were highly significant for all six speaker groups. Considerable further work on the
detail of relationships between ASR output and listener perception is needed, but these initial
results raise the encouraging prospect that automatic techniques could be a useful resource to
draw on in predicting voice similarity relationships among speakers.

Implications for Voice Parades and Future Directions

The findings outlined here have important implications for the construction and execution of
voice parades. Understanding listeners’ perception of similarity relationships between voices is
crucial to the forensic phonetician in selecting the foil voices for a voice parade. A knowledge
of which voices sound more typical or more distinctive to listeners will also be helpful in
predicting what kind of voice is likely to be identified well or poorly in a parade. It is clear that
long-term fO plays a central role in perceived voice similarity and that formants also make a
key contribution, but a lot of further work is needed to unpack the subtleties of the relationships
between these and other phonetic features and the many other factors at play. The study of voice
similarity in six accent-controlled speaker groups highlighted some differences across the four
accents examined, as well as showing some variation within the main patterns for the three
same-accent SSBE groups. It is possible that some of this variation is due to other factors such
the choice of speakers and utterances, given that the experiment involved only small numbers
of each. The finding that the phonetic features showing significant correlations with MDS
perceptual dimensions were much the same for 3s and 10s samples indicates that 3s appears
sufficient for listeners to get hold of speakers’ characteristics, and that analysts should proceed
with using 3s samples for the experimental ‘fairness’ check in voice parade construction to keep
the task size manageable (cf. McDougall 2013).

Amassing a body of results from experiments such as those described above will provide the
basis for a model of perceived voice similarity which will lead to more efficient and more
systematic decisions in the choice of foil voices. Development of a model which can use
phonetic properties to predict listeners’ perception of voice similarity requires considerable
further research, exploring larger speaker groups, more languages and accents, and a wide range
of demographic profiles. Analysis of further phonetic variables such as segmental features,
disfluencies and more aspects of voice quality is also needed, alongside the long-term features
focused on in the work above. The specific accent background of the listeners making the
judgements is a further relevant factor in need of investigation.

The work by Gerlach et al. finding high correlations between voice similarity judgements and
automatic assessments shows the potential for partial automatisation of foil selection. While the
input of an expert phonetician in maintaining control over demographic considerations, and in
overseeing and checking the process, would remain essential, the opportunity for increasing
efficiencies in foil selection this way is a very promising direction for this work.
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Duration of consonants and long and short vowels as a function of speech rate
in Hungarian
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'E6tvos Lorand University, Hungary
2 HUN-REN Hungarian Research Centre for Linguistics, Hungary
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Speech rate or rate of articulation corresponds to the duration of segments: faster articulation is
the result of speech sounds produced shorter. However, one might expect that not each segment
may be reduced to the same extent in their duration in fast speech. Due to their homogenous
structure throughout the total segmental duration, and the lack of an obstruction in the oral
cavity, vowels are expected to be more flexible in this sense than (prototypical) consonants (i.e.,
obstruents) (Kozhevnikov & Chistovich 1965, Wood 1973, Goésy 2004), which feature some
kind of an obstruction in the mouth and can have a complex inner structure (as is the case with
stops). Furthermore, differences are also expected according to phonemic length: it was shown
that in Japanese, long vowels are affected more by speech rate than short vowels (i.e., they are
reduced or lengthened in fast and/or slow speech, respectively) (Hirata 2004), while Korean
showed a similar effect of speech rate in both vowel groups, and no asymmetries in this sense
(Magen & Blumstein 1993). In these languages, phonemic length contrast is expressed
primarily by durational differences.

In Hungarian, vowel length is also phonologically distinctive. Traditionally, it is assumed that
the phonological length opposition is implemented phonetically as a durational and spectral
difference in low vowels (/¢/ vs. /e:/ and /o/ vs. /a:/), but in higher (more close) vowels, only a
duration difference can be found (Gosy 2004). With respect to the effect of speech rate on vowel
and consonant durations, and the duration of phonologically long and short vowels at fast and
normal speech rates in Hungarian, we find no replicable and systematic analyses on a greater
number of speakers that are also reported in detail. However, we have some evidence that the
above outlined durational asymmetries are at work, that is, 1) consonants are more resistant to
speech rate effects (i.e., vowels reduce more in fast speech than consonants) (Magdics 1969),
and 11) long vowels are affected more by speech rate than short vowels (i.e., long vowels reduce
to a higher degree than short vowels) (Magdics 1969, Mady 2008). In the present study, we
investigate these two hypotheses in acoustic data obtained in real words, and we involve a
greater number of speakers. Additionally, we also examine if the ratio of long and short vowel’s
duration is maintained across different speech rates, and test if phonological length opposition
is invariant as a function of tempo.

We analyze CVC shaped real words in the production of 15 Hungarian speaking females. In
these sequences, V was one of the following 6 vowels that constitute long-short vowel pairs in
Hungarian: /u/, /u:/, /i/, /i:/, /o/, or /a:/ (in the last pair, durational difference is also accompanied
by quality distinction). In the onset, we placed laryngeal or alveolar consonants: /h z s t 1/. In
the coda, alveolar consonants were positioned: /zt d k nr/. As a result, target sequences did not
constitute minimal pairs, hence probably did not facilitate exaggeration of contrastive features
of segments (e.g., vowel length). Speakers produced target words in carrier sentences, where
the target word bore sentence level accent: Legyen <target word>! Let it be <target word>/ We
recorded samples in two speech rate conditions: at 1) comfortable speech rate (“normal”
speech), and i1) maximum speech rate (“fast” speech). Maximum speech rate was achieved by
the method of Greisbach (1992). Speakers repeated each target sentence several times. They
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always started with a comfortable tempo (marked as normal speech later on in the analysis),
and then, followed by a silent pause, they started to repeat the same item several times. Speakers
were instructed to try to speak faster and faster at each repetition, until articulation broke down
or speakers ran out of air. Each participant produced 6 of these sets (i.e., one normal rate variant
followed by fast repetition variants) for each target word resulting in 72 sets per speaker in total.
We labeled all sets manually in Praat (Boersma & Weenink 2022): we segmented each word,
checked their durations, and labeled the shortest repetition as fast speech (while normal speech
was always the first item produced at a comfortable speech rate, as mentioned). We segmented
speech sounds in all of the normal and fast variants in each set. We analyze and compare
duration of vowels and consonants in the two speech rate conditions. We also analyze the
difference, and ratio of long and short vowel pairs in the different conditions.

We expect that vowels reduce in their duration more than consonants, and that long vowels
show more shortening effect of increased speech rate than short vowels. Results are hoped to
contribute to our better understanding of how phonological features are implemented in the
phonetic realization of speech, and how reduction of segmental features takes place.
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An important question of recent research on early language development is the role of
biological and cognitive factors that regulate and influence infant and toddler behavior.

Early language development shows great individual differences both in terms of the
extension and expansion of receptive and expressive vocabulary. Research showed that the range of
a 12-month- old, typically-developing child’s receptive vocabulary may span from 25 to more than
200 words. Similar variation can also be observed in the development of expressive vocabulary.
(Fenson et al., 1994). Some children say their first words by the age of 12 months while others only
after 18 months. The rate of development begins to balance out by the third year of life. (Fenson et
al., 1994, Kovacs et al., 2018).

In order to tap into biological factors influencing language development, we studied infant
temperament which is assumed to be constitutionally based, can be measured in early childhood,
and shows a relatively stable pattern extending over a lifetime. These temperamental features
contribute to the regulation of behavior including, affect regulation, attention direction, and motor
activity (Rothbart, 1981, 2007). Infants’ attentional control and the capacity for self-regulation have
been reported to be associated with language development in infancy and early childhood as well. It
was previously found that these temperament traits correlate with the efficiency of language
acquisition, including the time of appearance of first words and the time and speed of vocabulary
expansion during the first 2 years of life. (Canfield and Saudino, 2016, Dixon and Shore, 1997,
Dixon and Smith, 2000). Others found a positive correlation between inhibition and expressive
language (Smith, et al. 2014). Larson et al. (2020) found that inhibition skills may help to improve
subsequent morphological comprehension in typically developing children and children with
specific language impairment.

We conducted a longitudinal study from birth to 36 months to investigate the longitudinal
relationship between infant temperament and early language development. We add further evidence
to the contribution of infant temperament to early language development by identifying the aspects
of temperament, combining with other biological factors present in infancy such as gender or
gestational age at birth that may play a prominent role in early language development.

Data of 94 full-term infants were included in the present analyses. Temperament and early
non-verbal communication skills, receptive and expressive vocabulary were measured from 6 to 36
months. Language competence was evaluated with the Hungarian version of the MacArthur-Bates
Communicative Development Inventory. Temperament was assessed by the Very Short Form of
Infant Behavior Questionnaire and the Very Short Form of Early Childhood Behavior
Questionnaire.

Surgency is associated with more extensive use of communicative gestures and greater
receptive vocabulary based on repeated language measurements between the ages of 9 and 18
months both concurrently and across ages. Effortful control is also related to better gestural
communication in infancy. Surgency measured at the ages of 18 and 24 months shows a pattern of
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consistent albeit weak correlations with expressive language skills repeatedly measured every two
months between 18 and 30 months.

To predict language development, regression models including infant sex, gestational age,
and temperament were tested. At 18 months, receptive vocabulary is predicted by infant surgency,
gestural communication by infant gender, surgency and effortful control. Expressive vocabulary at
18 months was only predicted by gestational age at birth, at 24 months by infant gender and
gestational age, and at 30 months by gestational age.

According to our results, different dimensions of temperament, infant gender and gestational
age are related to aspects of communicative development in infancy. Infants and toddlers with higher
surgency might enter into communicative situations more readily and show more engagement with
adult social partners which is favorable for communication development. Effortful control may aid
the learning process by supporting attentional control. In toddlerhood gestational age seems to be the
predictor for expressive vocabulary. Gestational age was identified as a predictor for language in
preterm infants previously. Our results extend this association to the smaller time window in the case
of full term infants and describe a shift in predictors according to age and aspect of language
development. Gestational age may mark prenatal developmental processes that may exert influence
on the development of verbal communication at later, more developed stages.
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Introduction

When investigating articulation during speech production, all of the articulatory tracking
devices are highly dependent on the session and on the speaker. As an example, ultrasound
tongue imaging recordings from two separate sessions (by ‘session’ we mean that the probe
fixing headset is dismounted and mounted again to the speaker) are nearly always misaligned
and such recordings are not directly comparable. However, speech technology research in this
field (articulatory-to-acoustic mapping and acoustic-to-articulatory inversion) would need large
amounts of aligned data. Another problem is that the imaging quality of ultrasound is highly
dependent on the speaker (see Fig. 1), i.e. for some speakers longer part is visible from the
tongue contour, or the tongue surface is less blurry than with other speakers. The quality of the
images is influenced by many factors, such as the anatomy of the speaker or the condition of
the tissues of the articulatory organs (e.g., hydration). The variation between speakers may also
be due to the fact that the ultrasound transducer is positioned differently (in different
orientations) for different head sizes. The recording software usually provides the possibility to
adjust the ultrasound hardware parameters (e.g., transducer frequency, field of view, depth,
dynamic range, line density, etc.), but this may not be a sufficient solution for all speakers.
Overall, the possibility of comparing speakers is limited due to potentially different
orientations. Another difficulty for the comparison might be the varying speed of articulation
of different speakers, which is the main focus of the current study.

speaker: 01fi speaker: 02fe speaker: 03mn

speaker: 04me

speaker: 07me speaker: 08me speaker: 09fe

Figure 1. Examples of the differences in the quality of ultrasound tongue images between
speakers from the UltraSuite-Tal80 database.
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In the international research field, there is a lack of methods for the alignment of ultrasound
tongue imaging data recorded in different sessions or with different speakers, or to time-align
the articulatory data.

Methods

In this research, we investigate the above questions and analyze the session and speaker
dependency of articulatory movement using ultrasound tongue imaging. Especially, we focus
on the inter- and intraspeaker differences in time, and try to compare multiple data of different
lengths.

Existing databases were used to investigate the ultrasound tongue images; recordings were
selected from native speakers of Hungarian and English. The Hungarian recordings were
created for the previous research on articulatory-to-acoustic mapping (Csap6 et al. 2019). For
English data, the UltraSuite-TalL80 database was wused (Ribeiro et al. 2021;
https://ultrasuite.github.io/data/tal corpus/).

The difficulty with ultrasound tongue image sequences is that as they are videos, they are
relatively difficult to visualize in 2D images. One way of showing articulatory information is a
‘kymogram’ (Lulich et al., 2018) : a kind of 'articulatory signal over time': the middle slices of
the ultrasound tongue images were cut (approximately corresponding to the middle of the
tongue) and plotted as a function of time, similarly to a spectrogram. From two speakers of the
Hungarian dataset, we selected one sentence for demonstration purposes, which occurred in
both speakers' recordings. Similarly, we selected multiple speakers from the UltraSuite-TaL
dataset. Based on the speech signal, we computed MFCC spectrogram. Based on the ultrasound
signal, we plotted kymograms. Dynamic Time Warping (DTW) is a long-established method
for comparing speech samples of different lengths — here we calculate DTW paths on the speech
signal, and use that information to time-align articulatory data of multiple sessions or speakers.

Results

Example spectrograms and kymograms of two speakers of the Hungarian dataset are shown in
Fig. 2. In the spectrograms (1% and 2" subfigure), it can be seen that the speech sample took
about 6.2 seconds to be uttered by one speaker and about 4.8 seconds by the other speaker, i.e.
their articulatory speeds are different. In the kymograms (3™ and 4™ subfigure), the articulatory
landmarks / inflexion points appear at different locations for the two speakers. For example, the

sentence starts with the Hungarian back vowel ’5” and continues with a front vowel 'e:', followed

by ‘o’ again. Therefore, back-front movement of the tongue is visible on the 3™ and 4%
subfigures roughly around 0.6-1.2 second. The 5" subfigure shows the result when the speech
of the two speakers is DTW-aligned and the articulatory data is stretched for the second (higher
articulatory speed) speaker to match the first (lower articulatory speed) speaker. Thus,
articulatory data of the two speakers were successfully time-aligned, and the landmarks /
inflection points of tongue movement are at similar locations in the DTW-aligned kymogram.
Ealier, Jayanthi et al. (2017) were applying DTW to time-align speech and articulatory data,
using electromagnetic articulography. Following that work, in this study, we are using
kymograms and DTW to compare and time-align multiple ultrasound tongue image recordings
from the same speaker, and across speakers. In the talk, we will include more examples of such
intra- and interspeaker articulatory differences and similarities.
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Figure 2. Results: spectrogram and ‘kymogram’ (temporal change of the midline of the
ultrasound tongue images), from two speakers of the Hungarian dataset. The sentence is:
“Az északi szél nagy vitdban volt a Nappal, hogy kettdjiik koziil melyiknek van tobb ereje.”

Future plans

Regarding the potential application of the above results, we plan to use the results for speech-
based brain-computer interfaces to supplement the brain signal (measured with EEG, ECoG or
sEEG) with ultrasound tongue image based articulatory information.
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1. Introduction

There is a growing interest among speech researchers in studying the temporal changes of the acoustic structure
of speech as speakers grow older. Literature suggests that there are two main approaches to researching this topic.
The first approach uses recordings that were not made for research purposes, i.e. media recordings, such as radio
presentations. One prominent example of this approach is provided by Reubold, Harrington & Kleber (2010)
who studied the voices of Queeen Elizabeth II and other well-know British personalities. In the Hungarian
literature, Balazs (1993) studied the voices of a Hungarian actor and an actress, using radio recordings. The other
approach uses speech databases in which utterances by the same speakers were recorded at least at twice, several
years apart. Examples include a study by Fuchs, Koenig & Gerstenberg (2021), who used a database of French
speakers’ interviews, or Graczi et al, (2020) who described a database for longitudinal speech research. Several
results have already been published using this database (Graczi & Krepsz, 2020; Marko et al., 2021). Both
approaches have their own advantages and disadvantages. Previous recordings may be available for a wide time
range, but due to the lack of a researcher’s control, recording conditions may be very different, which may distort
the behaviour of the observed parameters. The professionally designed databases may eliminate this problem, but
it is a major limitation that a considerable amount of time is required between the two or more recordings.

The present study belongs to the first type of longitudinal speech research. The speech material of the Hungarian
newsreels offers opportunities, so far unexploited, for longitudinal research. Of the great variety of possible
speakers, here we choose the news announcer, whose voice appeared in the widest time range in the newsreels and
examine how this announcer’s articulation rate changed over time. It is hypothesized that the speaker’s articulation
rate got slower as the speaker grew older.

2. Methods

2.1. Selection of the speaker

All Hungarian newsreels are available online at www.filmhiradokonline.hu and they can be freely used for
educational and research purposes. For the present research, we define “newsreel” as a complete news program
created on a weekly basis. The newsreels usually included several individual news and were not longer than 10-
12 minutes. In this study, only sound newsreels are relevant, which were produced between 1931 and 1989.
Although the website has a query function and the newsreel database has an extensive set of keywords, the
announcers’ names were not entered there, thus identification of the speakers and finding their first and last
readings required extra research. Furthermore, no publication was found that could have supported the
identification of the speakers, thus, the present author randomly selected newsreels and attempted to identify the
speakers, based on his previous research experience with newsreels and familiarity with the announcers’ voices.
The author was only able to identify announcers in newsreels produced after 1948, such as Gyorgy Ban, Laszlo
Koérmendy, and Piroska P. Debrenti. Until the mid-1960s, only a limited number of announcers appeared in the
newsreels but from the second half of the 1960s, a relatively large number of other announcers’ voices were used,
such as Ferenc Bzsony, Gabor Domok, Ferenc Péter, Jozsef P. Kovacs, Pal Szaldczy, Andras Ulbrich, and Istvan
Thoma, who were also identified. Then, using a trial-and-error approach, the author attempted to find the first and
the last appearance of each speaker, thus finding the speaker whose voice appeared in the longest period of time
in the newsreels. This procedure revealed that the Gyorgy Ban (1918-1985) appeared between 1949 and 1970,
representing the longer time span in the newsreels, so his voice was selected for the present research.

2.2. Selection of the speech samples

Starting with 1949, four years with six-year intervals between them were selected, i.e. 1949, 1955, 1961 and 1967.
In these years, the speaker was 31, 37, 43 and 49 years old. From each year, seven news from different newsreels
were chosen, resulting in a total of 28 speech samples. A preliminary inspection of the news revealed that there
were great differences in length, short texts were thus excluded, only readings longer than six sentences were
selected. Furthermore, the news stories were selected so that they represent a great variety of topics, such as
industry, agriculture, public holidays, cultural life, lifestyle, natural disasters, foreign news etc., while texts
including exclamations, dialogue-like utterances, or an ironic tone were excluded.

2.3. Acoustic analyses and calculations

Following the instructions of Neuberger et al. (2014), first level transcriptions (i.e. pause-to-pause labels) were
made using Praat 6.5.8 (Boersma & Weenik, 2019). The duration of each pause-to-pause segment was measured,
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and their total sum was calculated for each speech sample. Previous observations, however, indicate that the
measured duration values need to be corrected, because films were shot at 24 frames per second, while
digitalization converted them to a rate of 25 frames per second (Gocsal, 2022). This means that the digitalized
version of the newsreels is somewhat faster than the speed at which they were originally shot and displayed.
Duration values were therefore multiplied by 25/24 to obtain the original rate. Also, all pronounced speech sounds
were counted. Articulation rate was calculated by dividing number of all speech sounds in the given speech sample
by the total sum of the section durations in seconds. This resulted in seven articulation rate values per year.
Pearson’s correlation coefficient was used to determine if correlation exists between year and articulation rate.
Friedman test and pairwise comparisons between the four sets of data were also carried out using SPSS 27.

3. Results

3.1. Descriptive statistics

The total length of the 28 speech samples with pauses excluded was 1375.36 s and 18444 speech sounds were
counted. The mean length of the speech samples with pauses excluded was 49.1 s (SD = 11.03), and length ranged
between 27.32 and 73.2 s. The corrected duration values were as follows. Total duration: 1432,67 s, mean length:
51.16 s (SD = 11,49), range: 28.46-76.26 s. The mean number of speech sounds was 658.71 (SD = 155.99),
ranging between 368 and 1036. For calculating articulation rates, the corrected duration values were used. Mean
articulation rate was 12.86 sounds/s (SD = .55), ranging from 11.98 to 13.94 sounds/s.

3.2 Association between speaker age and articulation rate

Articulation rates broken down by year are demonstrated in Figure 1. An inspection of Figure 1 suggests that there
is no linear association between speaker age and articulation rate, which is confirmed by the Pearson’s correlation
coefficient (r=—.154, p = .435). Since the distribution of the data suggests that there may be a significant difference
between the medians of the datasets, a Friedman test was performed. The Friedman test confirmed that such a
difference exists between at least two sets of data, y*(3) = 11.229, p = 0.011. Dunn-Bonferroni post hoc tests were
conducted to compare the four sets of articulation rate values. The results of these pairwise comparisons are shown
in Table 1. The results suggest that the mean articulation rate of the speech samples recorded in 1955 is
significantly lower than that recorded in 1949, and the difference between the data of 1955 and 1967 approaches
statistical significance with the 1955 data suggesting slower articulation.

4. Conclusions

The results do not confirm our hypothesis that the newsreel announcer spoke slower as he grew older. Moreover,
the unexpectedly slow articulation rate found with the 1955 data highlight that factors other than speaker age may
have significantly influenced his articulation rate. At present, only speaker age and acoustic data are available,
which cannot explain the observed radical decrease in articulation rate. Temporary health issues, different
recording conditions, or even producer’s instructions may have influenced articulation rate. But even if the 1955
data are left out, the comparisons of the 1949, 1961 and 1967 data do not show a significant trend towards slower
articulation, at least regarding the period between 31 and 49 years of age of the speaker. The results may also
indicate that that this type of oral reading had an “ideal” rate of articulation of around 13 sounds/s, and the speaker,
regardless of his age, tried to use this rate with some variation, except for the 1955 readings.

It was a limitation in this study that a low number of speech samples were used. Using more speech samples per
each year would significantly improve the results. Furthermore, choosing speech samples from years with smaller
intervals between them, or even from each year would particularly help understand if his slower speech in 1955
was only an exception for that year or representative of a tendency which lasted for years.

It also needs to be mentioned that within the same year, every effort was made to select news stories of diverse
topics, but it was not possible to consistently select the same topics across the years. In 1949, the majority of the
news presented was about construction and industrial production. In 1961, the focus was on agriculture, and by
1967, an increase of news about lifestyle or international politics was observed. It is possible that the topics of the
news influenced tempo, but due to the inconsistency of topics across the years and the low number of news, it was
not possible to confirm this. Further studies should address these issues and it is believed that sources of variation
of articulation rate, presently unknown, can be thus revealed.
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Figure 1. Articulation rates by year.
Speaker age was 31, 37, 43 and 49 years in 1949, 1955, 1961 and 1967 respectively

pair test statistics std. error std. test stat. sig. adj. sig.
Antculation rte 1953 | 2000 690 2.898 004 023
Ariculation e 1961 | 1429 690 2070 038 21
Anticulation rete 1967 | 256 690 414 679 1.000
Articulation ate 1961 | 57! 690 ~828 408 1.000
Articulation ate 1967 | 714 690 2484 013 078
Amticulation ate 1967 | 143 690 1656 098 556

Table 1. Pairwise comparison of articulation rates
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In this talk, we will present a method combining Functional Principal Component Analysis
(FPCA; Ramsay & Silverman, 2005; Gubian et al., 2015) with Linear Mixed Effects Regres-
sion models (LMER; Bates et al., 2015) to investigate speaker variation in holistic prosodic
contours (FO and intensity). The phenomenon examined here is the prosodic realization of three
main types of information structures (IS) in Egyptian Arabic (EA): focus-background, topic-
comment and all-new. For an SVO sentence like Zaliima najjimit amaani “Halima put Amani
to bed”, for instance, these IS types were elicited by means of a question-answer paradigm
where the focus of the answer corresponds to the wh-word of the question: a.) “Amani’s fast
asleep. Who put her to bed?” (focus-background; FB); b.) “What did Halima do?” (topic-com-
ment; TC); c.) “How come it’s so quiet in here today?” (all-new; AN).

While EA does not behave like English, that is, it does not deaccent post-focus material, pre-
vious studies found that focus prominence was expressed by an expanded FO range, and back-
grounding was expressed by post-focus compression (Hellmuth, 2010, 2011; El Zarka et al.,
2020). A qualitative investigation of the present data, as well as previous studies on EA
(Hellmuth, 2010, 2011; Cangemi et al., 2016) also found considerable inter-speaker variation
in the prosodic realisation of different IS conditions.

In the present study, we examine the speaker-specific strategies to express prominence relations
between focus and background in some detail. The combination of FPCA and LMER allows
us to investigate this variation in quantitative terms and on the basis of whole contours rather
than individually measured features from different parts of the utterance. FPCA captures dif-
ferent modes of variation in the FO and intensity curves that are represented by scores. These
scores are numbers that can be input into a regression analysis to examine the relationship
between the mode of variation and the IS conditions. In an LMER analysis, we can not only
include speakers as random effects in addition to fixed effects, but also examine how much
speaker variation contributes to the overall variation explained by the models. Moreover,
LMERs provide us with individual speakers’ estimates, which can, in turn, be used to recon-
struct estimated FO and intensity curves of the three IS conditions for individual speakers. This
workflow gives us a quantitative means to characterise different speakers.

The data investigated here consists of 367 SVO sentences with similar segmental structure that
were elicited in the three IS types with the above-mentioned question paradigm. 18 speakers
(11f, 7m) were recorded and FO and intensity contours of the whole sentence were extracted,
speaker normalized and time-normalized with respect to word and stressed syllable boundaries.

Figure 1 shows the results of the FPCA. PC1 (left) captures more (negative scores; blue) or
less (positive scores; red) downstep after the first accent accompanied by a corresponding in-
tensity. PC2 (right) captures a higher first and second peak with lower values at the end of the
phrase at positive scores (red), and an overall flatter contour (lower first and second peak, less
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downstep in the last word) at negative scores (blue). These changes are accompanied by a cor-
responding change in intensity only in the first and second word, but FO and intensity are de-
coupled at the end of the phrase, i.e., changes in FO in the third word are not accompanied by
any change in intensity.

To investigate the relationship between the FO and intensity variation captured by PC1 and
PC2, respectively, with the three IS conditions, we built two LMER models predicting scores
for PC1 and PC2 with Category (FB, TC, AN) as fixed effect and Speaker (n = 18) as random
intercept with Category as random slope. Including a random slope allows us to capture not
only absolute differences between speakers, but whether some speakers make a larger differ-
ence between the categories, or a difference in another direction, than others.

PC1 mostly represents Category variation: 26% of variation in this model is explained by IS
Category, and FB had significantly lower values (cf., blue curves in Figure 1) than TC and AN.
Moreover, 16% of variation was explained by Speaker and 14% by the random slope, indicating
some speaker variation along this mode of variation (more vs. less downstep after the first
accent with correlating intensity). A look at individual speakers’ estimates shows that this var-
iation is due to 4 of 18 speakers not following the general trend of more downstep and lower
intensity after the first accent in FB, while the 14 speakers that follow the general trend do so
to different degrees. In the model for PC2, only 7% of variation was explained by Category,
46% by the Speaker intercept and 14% by the random slope. This indicates that flatter vs.
steeper FO curves with intensity decoupling in the last word are mostly related to speaker var-
iation. An overall significantly higher estimate for AN than FB and TC, however, indicates that
AN is the category in which FO tends to end low while intensity stays high.

From these two models, we can extract category estimates for individual speakers. With these
estimated speaker scores and the information about which score corresponds to which change
in the FO and intensity curves, we can draw estimated curves for different speakers. Two speak-
ers are presented in Figure 2.

F09 had the largest estimated difference between FB and TC in PC1, and the highest estimated
score for AN in PC2. A reconstruction of her estimated FO and intensity curves based on PC1
and PC2 is shown in Figure 2 (left). In FB (yellow), the second accent is downstepped and the
FO curve is compressed after the first accent with a lower intensity in these parts of the utter-
ance. In TC (green), FO and intensity stay higher after the first peak than in FB. In AN, FO and
intensity are much higher in the first two words, but FO descends to values as low as FB while
intensity stays high at the end of the phrase. This corresponds to the auditory impression of an
overall decrease of prominence after focus in FB in contrast to a prominent downstepped final
accent in AN. By contrast, FO8 had very small differences between category estimates for PC1
and PC2 scores. These small estimate differences correlate with hardly any difference in the
estimated FO and intensity curves (Figure 2, right). This fits with the auditory impression of
this speaker who does not seem to make a prosodic difference between the three IS types most
of the time. In general, the study showed that the majority of speakers showed differences
between TC/AN and FB. However, this distinction is realized by different strategies for indi-
vidual speakers.

Bibliography

Bates, D., Méchler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects Models
Using Ime4. Journal of Statistical Software, 67, 1-48. doi:10.18637/jss.v067.101

22



Cangemi, F., Zarka, D. E., Wehrle, S., Baumann, S., & Grice, M. (2016). Speaker-specific in-
tonational marking of narrow focus in Egyptian Arabic. Proceedings of the 8 Interna-
tional Conference on Speech Prosody, (pp. 1-5). doi:10.21437/SpeechProsody.2016-69

El Zarka, D., Kelterer, A., & Schuppler, B. (2020). An analysis of prosodic prominence cues
to information structure in Egyptian Arabic. Proceedings of Interspeech 2020, (pp.
1883-1887).

Gubian, M., Torreira, F., & Boves, L. (2015). Using Functional Data Analysis for investigat-
ing multidimensional dynamic phonetic contrasts. Journal of Phonetics, 49, 16—40.
doi:10.1016/j.wocn.2014.10.001

Hellmuth, S. (2010). The (absence of) prosodic reflexes of given/new information status in
Egyptian Arabic. Information Structure in Spoken Arabic, 165-188. (J. Owens, & A.
Elgibali, Eds.) Routledge.

Hellmuth, S. (2011). Acoustic cues to focus and givenness in Egyptian Arabic. Instrumental
Studies in Arabic Phonetics, 299-324. (Z. M. Hassan, & B. Heselwood, Eds.) Benja-
mins.

Ramsay, J., & Silverman, B. (2005). Functional Data Analysis. Springer Series in Statistics.

Word 1 Word 2 Word 3 Word 3
-3
o
)
0 X
2 - S
3 \ === Ok
—— 1.0
® 05
1 0.0
[ 0 ) N I 05
g 4 \4\ 1.0
- Wy
<
-2

0 500 1000 0 500 1000
landmark reg. time (msec)
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The descriptions of the Erzya verbal stem types (Bartens 1999: 122, Keresztes 1990:
39, Keresztes 2011: 76, Mészéaros 1998: 33, Pall 1996: 20) are usually quite vague and even
contradict each other. Based on these descriptions and the example paradigms, the following
generalisations can be made:

1. Every verb has two stems: a vowel-final and a consonant-final. The only difference
between them is the presence or the absence of the vowel at the end of the stem.

2. The stem-final vowel can be /a/, /o/ or /e/, so the stem types can be labeled as A4 stems,
O stems and E stems. However, the difference between O stems and E stems depends
on harmony: /e/ occurs after palatalized consonants or /j/ and after front vowels in the
previous syllable, /o/ occurs otherwise. Consequently, based on the aperture of the
stem-final vowel, one can speak about low stems (identical with A stems) and mid
stems (an umbrella term for O stems and E stems). Notice that these labels refer to
paradigm types, not stems in actual forms.

3. There is another category of paradigm types which refers to the distribution of the
vowel-final and consonant-final stems inside the paradigm. In general,
consonant-final stems are used with vowel-initial suffixes (suffixes can begin with /a/
or /i/) and vowel-final stems occur before consonant-initial suffixes. However, the
consonant-final stem is used before certain consonant-initial suffixes with many mid
stems. These are labelled here as unstable stems. Mid stems, the consonant-final
allomorph of which is used before vowel-initial suffixes, are labelled as stable stems.

Consequently, five stem types can be distinguished (cf. Table 1): one for low (A)
stems (always stable); and four for mid stems, which can be differentiated based on two
intersecting criteria, the quality of the stem-final vowel (/o/ or /e/) and stability. A comparison
of the paradigm types shows that there are four paradigm slot types from the point of view of
the differences between the five stem types. In the first slot type (e.g. INF), the vowel typical
for the stem type is always present at the boundary of the stem and the suffix; therefore, it
should be considered belonging to the stem. In the second slot type (e.g. IND.PRS.1SG),
there is always /a/ at the stem boundary, which is reasonable to analyse as belonging to the
suffix. There is always /i/ at the stem boundary in the third slot type (e.g. IND.PRS.3SQG),
which suggests a similar segmentation. Finally, the vowel typical for the stem type is present
in the fourth slot (e.g. IND.PST.3SG), but not with all the stems with a mid vowel: it is
present with the stable stems but missing with the unstable ones. Therefore, it is reasonable to
analyse the form with a consonant-initial suffix.
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low stem mid stem

form /al stem /o/ stem /e/ stem
(stable) unstable stable unstable stable
’know’ "be born’ ’sleep’ ’do’ “climb’
1 INF sodams tAfatAfoms udoms tiejems etsiems
2 IND.PRS.1SG sodan tfatfan udan tiejan etsian
3 IND.PRS.3SG sodi tfatfi udi tieji etsii
4 IND.PST.3SG sodas! tfatfsi udosi tiejs/ etsies’

Table 1. Erzya paradigm types with key paradigm slots to distinguish them

Although grammars suggest that stems with a mid vowel are either stable or unstable
(with a few exceptions), corpora (Arkhangelskiy 2019) show that vacillation between the
forms with and without the vowel are quite widespread, although most verbs show a strong
preference. Additionally, grammars do not give any clues about how to determine whether a
stem is stable or unstable, implying that stability is a completely lexicalized property of the
verb. Nonetheless, corpus research shows that the stability of the stem — or, at least, its clear
preference — is quite well predictable from the phonemic structure of the stem, at least in
most of the cases. However, while one would expect that the presence or absence of the mid
vowel depends on syllable structure, that is, the vowel-final stem is used when otherwise the
syllables would be ill-formed, it is not the case. While consonant-final stems ending in an
/n%/-final clusters are strongly dispreferred and consonant-final stems ending in a /t%/ or
/d%/-final clusters are strongly preferred in paradigm slots type 4, consonant-final stems
ending in a single consonant behave quite unpredictably: some of them clearly prefer the
consonant-final or the vowel-final allomorphs in paradigm slots type four, while some of
them do not show a definite preference.

The presentation discusses the further minor tendencies which influence whether a
stem will be (dominantly) stable or unstable. In cases when it is possible, that is, when the
very same stem shows a greater variability in stability, it is attempted to determine whether
the variability is an interspeaker (interdialectal) one or an intraspeaker variation.
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Introduction

A large number of studies have investigated the temporal variables in the speech of speakers of different ages and
speech tasks. Studies agree that 1) speech becomes slower in old age (Hartman-Danhauer 1976; Ramig 1983;
Duchin-Mysak 1987; Smith et al. 1987; Gocsal 2000; Bona 2014), and 2) speech tasks that require higher cognitive
load are produced slower and with more frequent pauses and disfluencies (e.g. Ramig 1983; Duchin—Mysak 1987;
Jacewicz et al. 2010). However, the majority of studies do not analyse the inter- and intra-speaker variability and
how this is reflected in different speech tasks. The aim of this presentation is to investigate the intraspeaker and
interspeaker variability of suprasegmental temporal parameters in the speech of young and old speakers in four
different speech tasks with different cognitive loads. It is hypothesised that there will be large individual
differences in both age groups, with some elderly individuals producing similar temporal parameters to young
people. There will also be differences between speakers in how the speech tasks affect their speech.

Methods

For this study, 20 young (20-30-year-old) and 20 elderly (66-90-year-old) speakers were selected from the BEA
database (Gosy et al. 2012). All participants were monolingual, native Hungarian speakers, without known mental
or hearing problems, and with similar levels of education in both groups (all participants had at least a secondary
education). The following 4 speech tasks were examined from each speaker: 1. interview (about 5 minutes from
each interviewee), 2. narrative recall (the duration of which was speaker-dependent), 3. three-part conversation
(4.5-5 minutes per interviewee, consisting of several turns), and 4. oral reading (the duration of which was also
speaker-dependent). In total, 10.1 hours of speech was analysed. The parameters analysed by Praat were the
following: speaking rate, average articulation rates, variability of articulation rates per speech segment, frequency
of pauses, duration, average duration and variability of pause durations, frequency of filled pauses, average
duration and variability of filled pauses. Results were compared by age and speech tasks and individual differences
were also examined. Statistical analyses (mixed model ANOVA) were carried out by SPSS 20.

Results

Results confirmed the hypotheses. There were large individual differences at both ages, and the effects of different
speech tasks on the temporal variables were different for each participant. It means that e.g. there were participants
whose oral reading was the fastest, while for others, conversation. Figure 1 shows the distribution of speaking
rates, Figure 2 and 3 show how speaking rates changed in each individual speaker.
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Figure 1: Speaking rates in the two age groups and four tasks
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Conclusion

The results show that there are specific features of elderly speech compared to young speakers’ speech that are
present in all speech tasks (such as slower articulation rate), while other speech characteristics differ from young
speakers only in certain speech tasks, and are not true for elderly speech in general. The results point out the
importance of the speech task which is used to compare groups of speakers and to examine individual differences.
The practical relevance of these results will be discussed at the end of the presentation.
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Introduction

The present study aims to reveal the within- and between-speaker variability, and the possible
age group differences in the realisations of Hungarian intervocalic /s/ and /[/. The latest results
of forensic phonetics also found sibilants worthy of study. Kavanagh (2012) reported that (the
realisations of) /m/ and /s/ are highly speaker-specific. Furthermore, Fernandez (2022) observed
high speaker-specificity of CoG, SD for /s, [, z/. The spectral features of the sibilants vary with
the exact place and length of the constriction that vary per speaker depending on the size and
shape of the oral cavity (Kavanagh 2012), but also with speaker-specific/group features, like
age, (e.g. Bona— Beke 2013), gender (e.g. Romeo et al. 2013, Weinrich — Simpson 2015, Graczi
— Kohari 2011.), age and gender (e.g. Kong — Kang 2021). It is important to understand within
the study of the variability of sibilants that its differences not merely occur due to vocal tract
size and shape differences but also serve as resources for the negotiation of identity (see for
summary: Zimman 2017, Carralero-Fernandez 2022). Therefore, the between-speaker
variability might be worth studying in further languages in search for forensic applicability.

Methods

40 native male speakers of Hungarian were selected from the BEA database (Neuberger et al.
2014). 10 subjects were chosen for each age groups (mean age and SD in years: 22.4+1.28,
32.9+1.32, 41.741.44, 53.9£2.06) Recordings of the reading tasks (altogether 38 sentences)
were automatically segmented by WebMAUS (Schiel 1999, Kisler et al. 2017) based on the
available transcriptions (Gyarmathy et al. 2014, Mady et al., submitted), and manually corrected
for the selected /s/ and /f/ realisations. The reading tasks include 19 intervocalic word-medial
/{7 but only 9 intervocalic word-medial /s/ segments, thus 9 further intervocalic but word-initial
/s/ consonants were also selected for the analysis. The segment boundaries of the final labels
were determined based on the second formants (F2) of the neighbouring vowels.

The duration and the first four spectral moments, and the peak frequency were extracted at 15
equidistant time points, and the duration of the entire consonant was measured. The
measurements were conducted in Praat (Boersma — Weenink 2023) automatically based on
Wikse-Barrow and her colleagues’ work and script (2022), using the same settings. The
statistical analyses were carried out in R (R Core Team 2022), separated for the two fricatives.
Three male speakers had to be eliminated from the statistical analyses. One due to an injured
file (20 ys group), and two due to having extremely outlying values (30, 40 ys group). Linear
mixed models (LMMSs, Bates et al. 2015, Kuznetsova et al. 2017, Barton 2022) were used to
test the within-group differences of durations for age. The spectral moment trajectories of these
occurrences were analysed by genaralised additive mixed models (= GAMM, Wood 2017, van
Rij et al. 2022). The possible age group differences and the possible effect of the vowel context
were tested by separate GAMMSs. The within-speaker vs. between-speaker variability was
tested by comparing within-speaker variance to the between-speaker variance and Euclidean
distances.
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Results

No difference was found among the age groups in the duration (LMM). According to the
generalised additive mixed models (Fig. 1), the highest estimated peak curve for /s/ is expected
for the 30-year-old speakers, while the lowest for the 50-year-olds, with a significant difference
between the 30s and 50s group. CoG of /s/ showed a similar pattern to the peak frequency. The
spectral standard deviation and the skewness of /s/ did not, but the kurtosis did also show a
difference between these two age groups. As for /[/, the estimated slopes were somewhat
different among the age groups but did not exhibit a significant difference in any of the
measures. The vowel context had the following effects according to the GAMMs: The
preceding vowel’s height influenced the transition phase of /[/, and the backness and height
features of both the preceding and following vowels had an effect on the transition phases of
/s/. The evaluation of the variance data is in progress.

Conclusions

The 30- and 50-year-old male speakers’ tend to have significant differences in the peak
frequency and CoG of the /s/ in roughly its “steady state” with higher values for the younger
group (estimated difference curve: Fig. 2. left). Also, the spectral kurtosis was higher for the
50-year-old group at the start of the consonant, roughly for the transition phase (estimated
difference curve: Fig. 2. right). We did not find an age-related difference for /f/ for male
speakers.

The significant age-related difference might be the consequence of the between-group variance
as the highest values appear for the 30 year-old speakers, and the lowest values for the 50-year-
old group. At the present point, we find two possible explanations: there is either a larger within-
speaker variability in this age group, or a tendency of general age-related difference between
50+ years old speakers and the younger age groups. Both explanations have to be tested?) in
future work.

The between- and within-speaker variability on the present corpus will be addressed in the final
study.
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1. Introduction
Ohala’s frequency code (1994) postulates universals linking pitch (Fo) to biological factors and
social meaning. In humans, and across languages, the frequency code predicts that higher pitch
is a salient cue that signals smallness, politeness, youth, femininity, and submissiveness. In the
past two decades much fruitful work has been done to unravel the complexities of the biological
ageing process on the human voice (Fougeron, Guitard-Ivent, & Delvaux, 2021; Harrington,
Palethorpe, & Watson, 2007; Reubold, Harrington, & Kleber, 2010), including in the field of
forensic phonetics (Kiinzel, 2007; Rhodes, 2017). At the same time, these findings have raised
further questions about the universality of age-related changes in speech production and its
perception, as well as discrepancies between individuals in the ageing process imputable to
health or social network reasons. Hejnd and Jespersen (2021) have recently drawn attention to
this gap along with potential methods to remedy them by measuring both physiological and
psychological factors. A previously unexplored angle which may give insight into speaker
design in choosing an age-identity is that of proficient LX adult immigrants. Studies on large
immigrant groups have shown that LX speakers actively choose degrees of belonging based on
indexical features (Kozminska, 2021).

2. Methods
This study focusses on a single adult LX speaker of English, with Hungarian as a native
language: the actress Zsa Zsa Gabor. Her English-language production over time is compared
to her production of her native language (Hungarian) and additional languages (French,
German), as well as to productions of her sister (also an adult LX speaker of English) and L1
speakers of English with similar social roles (actresses) and in similar speaking styles (TV
interviews). The study follows previous studies in measuring fundamental frequency and vowel
formants to track change over time, as well as thythm metrics (Pellegrino, 2019) which have
shown varying results as an indicator of ageing, and are useful in gauging LX proficiency and
transfer (White & Mattys, 2007). The results presented here deal with pitch (measured as Fo in
Hz) and pitch span (maximum-minimum Fo) over time. Female speakers were chosen for the
comparison material because as listeners they have been found to be more accurate in age
judgements (Kelly & Harte, 2015). If this is due to heightened awareness of salient ageing cues,
then it might be expected that a female LX could also be attuned to relevant features and may
attempt to modulate these in producing her own speech. Celebrities were chosen due to the ease
of accessing material as well as the factors that pressure associated with their public profile
might have on portraying their age identity. Hungarian was chosen due to its dissimilarity from
English in several prosodic parameters, e.g. Racz and Papp (2016) report unexpected
indexicalisation of pitch in Hungarian male speech, results which diverge from previous
findings in other languages, which may inform findings in the present study.
The study asks the following questions: (1) how does the ageing process affects LX speech; (2)
how might an LX’s speech incorporate features that are salient to her; (3) what is the extent to
which an LX speaker displays features identifying her with an age group if her exposure to
different categories differs as compared to a typical L1.

3. Results
Biological ageing processes are mostly confirmed: median Fo drops with age, and pitch
excursion increases.
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Figure 1. Longitudinal Fo of Women Celebrities Corpus

However, there is one major outlier in the group: Zsa Zsa continues to maintain or increase her
Fo as she ages. This seems to occur independently from the language she uses, showing a single
indexical category.

4. Conclusion
This study intended to examine the longitudinal Fo and Fo excursion of an LX speaker of
English. These results add nuance to what has previously been found, and can be interpreted in
the light of Pellegrino (2019) which took into account known health factors. It further supports
recommendations in Hejnd and Jespersen (2021) on considering social factors in ageing. It is
planned to carry out perception testing among L1 English and L1 Hungarian listeners to
determine whether potentially age-identity related features are salient to different groups and if
so which ones. Further research may involve voice quality; investigation of pitch excursion as
it correlates to health or social factors.
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The handling of inter- and intraspeaker variability in speech has been a thorny issue in phonetic
and laboratory phonological studies, both from a methodological and statistical point of view.
These issues are multiplied in multilingual speech research as there are various “external”
speaker-dependent variables that the learning of additional languages (L2, L3, Ln) introduce,
which are often absent in native language (L1) research. They include not only the potential
effect of age and gender but also that of the length of study, previous language experience, the
context of study (e.g. immersion or heritage language), type of instruction (or lack of it),
linguistic and metalinguistic awareness, etc. (e.g. Ortega 2014; Kopeckova et al. 2023). All
these speaker-related effects can have an influence on linguistic transfer, be it
positive/facilitative or negative/inhibitory.

However, there is no agreement in the literature which theoretical account explains best the
attested transfer or the lack of it. Most research on multilingual acquisition studies
morphosyntactic phenomena. Hermas (2015) claims that L1 has a privileged role and thus
serves as the exclusive source of transfer, while according to the L2 Status Factor model (Bardel
and Sanchez 2017), the acquisition of L3 and subsequent languages is cognitively more similar
to that of L2 and thus it is the L2 that is more likely to serve as source of transfer. According to
the Typological Primacy Model (Rothman 2015), it is the more similar language that is
transferred wholesale; while Berkes and Flynn (2012) claim that all previously acquired
languages are available for transfer but only in case the influence is facilitative. On the other
hand, Westergard et al. (2017) (Linguistic Proximity Model) and Slabakova (2017) (Scalpel
Model) advocate for property-by-property rather than wholesale transfer, depending on which
aspects of L1 or L2 are perceived to be more similar.

The quantification of “similarity” is, however, not straightforward. One variable that has been
used to investigate the role of similarity in crosslinguistic influence is cognateness, namely
whether the translation forms are phonologically and semantically similar in two languages or
not. Studies in this area have shown that cognateness can make target-language production and
perception faster as the lexical access is more accurate in the case of cognate words (e.g. Costa,
Santesteban & Cario, 2005). However, cognates can also cause phonetic interference and thus
might be produced differently from non-cognates (Amengual 2011). Data on the nature of the
driving forces behind phonological transfer processes in multilingual speech are relatively
scarce and similarly to other linguistic levels, no prevalent model has been identified. Neither
has the link between perception and production been clearly defined.

The aim of this research is therefore to investigate inter- and intraspeaker variability as well as
the role of cognateness in the speech of L2/L3 learners of English and Spanish, whose L1 is
Hungarian. Our focus will be on a particular dynamic phonological process, regressive voicing
assimilation in which the target consonants are the alveolar sibilants /s/ and /z/ and the trigger
consonant is either a plosive (“regular” regressive voicing assimilation, RVA) or a sonorant
(pre-sonorant voicing, PSV). 14 young adult participants (L1 Hungarian) were recruited who
started learning the other two languages later and in non-inmersion context. As there is no clear
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sequential or dominance difference between English and Spanish for these participants, we refer
to both English and Spanish as L2 or L3.

PSV in Spanish is very similar, though not identical to RVA in Hungarian. It is a RVA but also
triggered by sonorant consonants, and due to the phonotactic restrictions of Spanish, it mostly
applies to the sibilant fricative /s/ as in prisma ‘prism’, but there is no phonologically voiced
sibilant in the inventory of Spanish. PSV is a relatively infrequent laryngeal pattern
typologically, it is nonexistent in Hungarian, and it does not create a novel segment for L1
Hungarian learners as Hungarian has both /s/ and /z/ in its phoneme inventory. The question
arises whether learners are able to notice the phonetic variability in the realisation of this
segment in Spanish, learn PSV, and produce the alveolar fricative accordingly. In learners’
English interlanguage, on the other hand, we examine whether they are able to “unlearn” RVA,
as English does not have this process (and it neither has PSV), although similarly to Hungarian,
it has a /s/-/z/ contrast.

Our hypotheses to be tested are as follows: (1) The voice target of L3 (voicelessness or
voicedness) is less likely to be realised if voicing in both L1 and L2 cognates contradicts it.
(2) The L1 pattern dominates over the L2 pattern. To test these, we carried out a production and
a perception experiment with the same 14 L1 Hungarian speakers of L2/L3 English and
Spanish. The production experiment was a time-limited reading task and measured the amount
of voicing within the fricative target (within words and between them), and how this was
affected by the cognateness of the words, taking into account speaker and test word variability,
too. The perception experiment examined the perceived salience of RVA and PSV, and the link
between production and perception.

Our preliminary results concerning PSV support the above hypotheses for English. Pre-
sonorant /s/ was produced with increased voicing on average compared to noncognate words if
the test word was a cognate with negative facilitation in both Spanish and Hungarian (i.e., if the
word is pronounced with /z/ in both languages; Fig. 1). Also, English words with pre-sonorant
/z/ had much less voicing on average in cognates with inhibitory effect in Hungarian than in
noncognates (i.e., when in Hungarian the word has a pre-sonorant /s/ rather than /z/, Fig. 2).
However, the results did not show a cognateness effect in Spanish: there was a steady absence
of PSV across the board, regardless of cognateness or facilitation, with little speaker variation
(Fig. 3). The difference between the two languages in this respect also manifested in perception:
speakers evaluated the presence of RVA in English speech as much less native-like; however,
the lack if PSV in Spanish speech was regarded just as native as when it was present, suggesting
that partial/optional PSV in Spanish is not salient enough to be “noticed” and learned as
suggested by Flege and Bohn’s (2021) Revised Speech Learning Model. It seems that L1
speakers mapped both the phonetically voiced and phonetically voiceless sibilant to /s/ in L2/L3
Spanish, that is they merged the contrast in Spanish while they maintained it in English. We
will present further results from the pre-plosive position in our proposed talk. Overall, we aim
to fill the gap of research on phonological transfer in particular, and in general, to shed further
light on laryngeal processes in Hungarian, the nature of contrast maintenance and neutralisation
in assimilatory contexts both articulatorily and perceptually, as well as to highlight the presence
(or lack) of speaker-related variation in multilingual speech.
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Voicing of English /s/ before sonorants
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Figures 1 & 2 Voicing of English /s/ and /z/ before sonorants (+ = positive transfer, i.e.
facilitation, — = negative transfer, i.e. inhibition)

Voicing of Spanish /s/ before sonorants
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4

Noncognate ENG+ HU+ ENG-HU- ENG+ HU- ENG-HU+ ENG+ ENG-
Cognate

Figures 3 Voicing of Spanish /s/ before sonorants

References
Amengual, M. (2011). ‘Interlingual influence in bilingual speech: Cognate status effect in a continuum of bilingualism.” Bilingualism:
Language and Cognition 15 (3), 2012, 517-530

Bardel C. & Sanchez L. (2017). ‘The L2 status factor hypothesis revisited: The role of metalinguistic knowledge, working memory,
attention and noticing in third language learning’. In Angelovska T. & Hahn A. (eds) L3 syntactic transfer: Models, new
developments and implications. Amsterdam: John Benjamins, pp. 85-102.

Berkes E. & Flynn S. (2012). ‘Multilingualism: New perspectives on syntactic development.” In: Ritchie WC and Bhatia TK (eds)
The handbook of bilingualism and multilingualism. 2nd edition. Chichester: John Wiley and Sons, pp. 137-67.

Costa, A., Santesteban, M., & Cafio, A. (2005). On the facilitatory effects of cognate words in bilingual speech production. Brain and
Language, 94, 94-103

Flege, J., & Bohn, O. (2021). The Revised Speech Learning Model (SLM-r). In R. Wayland (Ed.), Second Language Speech Learning:
Theoretical and Empirical Progress (pp. 3-83). Cambridge: Cambridge University Press.

Hermas A. (2015). ‘The categorization of the relative complementizer phrase in third-language English: A feature re-assembly
account’. International Journal of Bilingualism 19: 587— 607.

Kopeckova R., M. Wrembel, U. Gut & A. Balas. (2023) Differences in phonological awareness of young L3 learners: an accent
mimicry study. International Journal of Multilingualism 20:2, pages 408-424.

37


https://www.tandfonline.com/doi/abs/10.1080/14790718.2021.1897127
https://www.tandfonline.com/doi/abs/10.1080/14790718.2021.1897127

Rothman J. (2015). ‘Linguistic and cognitive motivations for the Typological Primacy Model (TPM) of third language (L3) transfer:
Timing of acquisition and proficiency considered’. Bilingualism: Language and Cognition 18(2): 179-90.

Slabakova R. (2017). ‘The scalpel model of third language acquisition’. International Journal of Bilingualism 21: 651-66.

Westergaard M, Mitrofanova N, Mykhaylyk R. (2017) ‘Crosslinguistic influence in the acquisition of a third language: The Linguistic
Proximity Model’. International Journal of Bilingualism 21: 666—-82.

38



Lexical and morphosyntactic variance and its background factors in maternal narrative
infant-directed speech

Veronika Harmati-Pap! — Bence Kas!? — Ildik6 Téth? - Noémi Vadasz*

' HUN-REN Hungarian Research Centre for Linguistics, Institute for General and Hungarian Linguistics
2 E6tvos Lorand University, Barczi Gusztav Faculty of Special Needs Education
3 HUN-REN Research Centre for Natural Sciences, Institute of Cognitive Neuroscience and Psychology
4HUN-REN Hungarian Research Centre for Institute for Lexicology
harmati.pap.veronika@nytud.hu, kas.bence@nytud.hu, toth.ildiko@ttk.hu, vadasz.noemi@nytud.hu

Widely accepted features of maternal infant-directed speech (IDS) are increased speech
quantity, shorter length of utterances, and lexical simplification (Snow, 1972; Phillips, 1973;
Genovese et al., 2019). The lexical and syntactic properties of maternal IDS can be interpreted
as a kind of instinctive strategic redundancy which could support the infants’ language
comprehension and acquisition. Our previous research has shown that the strategic redundancy
and simplification are detectable in maternal infant-directed narrative speech compared to
adult-directed speech (ADS), but it does not vary as a function of age of children between 6 and
24 months.

One possible explanation for this is the high variance between and within individuals. Lexical
and syntactic features of IDS differ from ADS only in a subset of mothers, and they show
different patterns of reducing their language at different stages of their infant's life (an example
is shown in Figure 1, where the dots represent the mean length of utterance (MLU) of individual
mothers recorded at each age points). Thus, lack of significant differences in IDS between ages
on average may be explained by the diversity of speech modification tendencies within the
group of mothers.

The aim of this study is to characterize the variance in the speech of the mothers and to identify
some of the factors that are associated with this variance. In doing so, we seek to answer two
research questions:

- Can a language development adaptation effect be detected? Mothers may use more
complex or simpler language to adapt to the child's contemporaneous language ability, which
suggests a correlation between children's language development and the degree of maternal
language simplification.

- Can a gender effect be detected? Mothers may be influenced by the gender of their
children (Tronick & Cohn, 1989), and hence there would be different levels of patterns of IDS
in narratives for boys and girls.

The study involved 185 mother-child (90 girls) dyads. To collect narrative IDS samples,
mothers told stories to their first-born children at age 0, 6, 18 and 24, 30, and 36 months in a
standardized situation, based on the same picture book. For control samples, an adult-directed
narrative (ADS) was also recorded at each age. The variables tested were factors of speech
quantity (number of words, number of utterances), factors of syntactic complexity (average
utterance length), and factors of lexical variation (type-token ratio). The narratives were
analyzed using the algorithms of CLAN software (speech quantity and syntactic factors) on the
one hand and the latest modular pipeline version of the e-magyar digital linguistic parsing
system (Véaradi et al, 2017), emtsv (Indig et al.; 2019, Simon et al., 2020) (lexical factors) on
the other hand. To determine the linguistic ability of the infants, we used the total expressive
and receptive vocabulary scores from the Hungarian version of the MacArthur-Bates
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Communicative Developmental Inventory (CDI) (Kas et al, 2010). To answer the questions
above, we examined a sub-sample: we used the results from the 18-month age point, with the
data of 110 mother-child dyads (54 girls) from both data collection situations - narrative speech
sample and CDI questionnaire (Kas et al., 2010).

A considerable variation was detected in IDS between mothers in their infant-directed narrative
speech at 18 months of age, as well as in the receptive and expressive vocabulary acquired by
the children at the same age. However, no significant correlation was seen between maternal
IDS characteristics and children's expressive vocabulary (Table 1).

Sex distribution of children showed differences in expressive vocabulary. Expressive
vocabulary measured by KOFA at 18 months of age was significantly different for boys and
girls in favor of the latter (y*=4.244, p=0.039).

Grouping by the sex of the children also revealed differences in the IDS of mothers at 18 months
of age. In terms of speech quantity and lexical variation, mothers of girls told significantly
shorter stories (word count F=5.901, p=0.019, Tukey: MD(1-2): -65.7, p=0.014), but with a
larger vocabulary (type-token ratio: F=4.548 p=0.038, Tukey: Tukey: MD(1-2): 0.0246,
p=0.037) (3-4. Figure 4). Thus, a tendency appeared for the IDS narrative in containing
significantly more repetitions for male children than for female children. We checked whether
this difference according to gender is related to the slightly better vocabularies of girls.
However, analysis of covariance showed that children's expressive vocabulary does not
influence the above mentioned differences in either word count (F=0.254, p=0.616) or type-
token ratio (F=0.516, p=0.475). This also supports the conclusion that modification of maternal
IDS is not driven by the infants' expressive language performance.

In the present study, 110 mother-child dyads participated to investigate the association of
variance in IDS with the sex of the child and language development in narrative situations. High
variability in syntactic and lexical features between speakers was revealed in the maternal
infant-directed register, especially at 18 months of age. Contrary to our preliminary
expectations, the language performance of the infants did not show a correlation with maternal
IDS modification tendencies even though our data showed that mothers of male infants narrate
with an increased number of repetitions than mothers of female infants. Although there are
significant differences in expressive vocabulary of the infants by sex at this age, covariates do
not play a role in maternal speech modification strategies, i.e., no data are shown that male
infants’ language skills caused greater language adaptation in maternal IDS in narrative
situations. In sum, maternal IDS is more pronounced in the case of male children, but this is
not caused by differences in boys' language performance but by some other external factors
unrelated to language performance but related to the sex of the infants.
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Table 1: Correlative comparison between syntactic (MLU - mean utterance length), quantitative (NRW - number
of words, NRU - number of utterances), and lexical (TTR - type-token ratio, VT TR - verb type-token ratio,
PNTTR - noun type-token ratio) modifications of maternal speech and the child's receptive and expressive

vocabulary measured by CDI at 18 months (Kas et al. 2010).
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Figure 2-3: Gender differences in the number of words (NRW) and lexical variability (TTR) of maternal speech.
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1. Introduction

People commonly speak during physical activity, but little is known about how such speech
differs from speech at rest. Physiological adaptations to exercise affect parts of the body used
for speech, particularly the respiratory system, which may affect the laryngeal mechanism and,
in turn, the speech signal. Fundamental frequency (fO) is known to increase during exercise
(Van Puyvelde et al., 2018) but questions remain about the underlying mechanism and speaker
variability (Godin and Hansen, 2008). The present study explores a possible link between
exercise breathing and f0. Knowing more about how speech is affected by real-life situations
can expand our knowledge on intraspeaker variability. It may also be relevant for automatic
speech/speaker recognition, which works less well for non-typical voices — for example, due to
respiratory pathologies, age, or panting while running for the bus. Speech under such conditions
has received relatively little attention and more studies are needed (Hansen and Bofil, 2018).
2. Methods

Respiratory and speech recordings were made from 48 healthy female native speakers of
standard German, who were recruited via a study database. The average age was 23.6 years (SD
= 3.8). Mean body mass index was 22.0 (SD = 3.5), which falls within the healthy range.

A reading task elicited controlled speech samples across different levels of physical activity.
To approximate a spoken register, a 126-word passage was generated from unscripted speech
as follows: a female German speaker answered an open-ended question orally; her response
was transcribed without disfluencies. Participants were told that the text was originally spoken
and were instructed to read in whatever way felt natural. The text was read aloud once for
familiarization prior to recording.

To approximate the physical effort (“workload”) required by daily activities (e.g., walking) and
active occupations (e.g., fitness instruction), participants exercised at low and moderate
workloads on a low-noise stationary bicycle. The workloads were defined using a relative
measure of exercise intensity, percentage of maximal heart rate (HRmax), as 35% HRmax and
65% HRmax, respectively. The percentages were translated into target heart rates (in
beats/minute, bpm) for each participant using a standard method in sports science, the Karvonen
formula (target HR = [(HRmax - HRrest) x % intensity] + HRrest).

A within-participant design was used with three workload conditions: (1) rest (sitting still), (2)
cycling at low workload, (3) and cycling at moderate workload. Condition order was fixed (rest
> low > moderate) because the cardiovascular effects of exercise may persist for several hours
after exercise has ceased (Romero et al., 2017). Randomized order would thus make it difficult
to ensure that the rest condition captured baseline speech.

Participants read the text three times while seated to obtain baseline speech and then cycled at
a self-selected pace to transition to low workload. Once target heart rate stabilized, participants
read the text again three times. Resistance on the bicycle was then increased to transition to
moderate workload and participants read the text again three times. Heart rate was continuously
monitored by the experimenters using a tablet readout. Speech was recorded at a sampling rate
of 22,050 Hz using a head-mounted microphone. Breathing patterns were recorded using
respiratory inductance plethysmography, which obtains breath depth and frequency by tracking
chest wall kinematics.

The corner vowels /i a u/ in three words were delimited manually in PRAAT at the
appearance of the second formant (Fischer-Jargensen and Hutters, 1981). VoiceSauce (Shue
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et al., 2009) was used to extract different glottal source parameters (fO range: 130-350 Hz)
using speaker- and vowel-specific formant ceilings (Escudero et al., 2009). Only results for fO
are reported here. Breathing depth and rate were obtained using a custom MATLAB—Praat
pipeline.

Linear mixed-effects models were run in R and differences between workloads were
compared using estimated marginal means (EMMs).

3. Results

At group level, f0 was found to progressively increase with growing physical workload.
Pairwise comparisons showed a significant increase in fO for both workloads (ps <.001).
However, at individual level, speaker patterns varied considerably. Figure 1 contrasts the
estimated marginal means obtained with the model with the different patterns shown by
individual speakers, which include non-linear increases and decreases. This visual exploration
of the data shows that speakers differed especially in their fO response to low workload.
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Figure 1. Estimated marginal means showing a linear increase in fO (left), while individual
speakers (right) show diverse patterns with increasing physical workload; black lines depict
mean for each speaker, red line shows group mean.

The analysis of the respiratory data showed a significant increase in breath depth for all
workload comparisons (ps < .001), indicating that speakers took deeper breaths to speak during
exercise than at rest. For breath rate, a significant increase was found from low to moderate and
from rest to moderate (ps < .001), but not from rest to low workload (p = .300). A visual
exploration of these data shows speaker differences in respiratory response (Figure 2): at low
workload some speakers mainly increase breath depth (speaker jwi) while others tend to
increase rate (speaker egb). These speakers also differ in the change in fO compared to speech
at rest. However, it is not clear if the increase in 0 is directly related to breath depth. Speaker
cvg and zmq have similar breath depth/rate patterns, but different magnitudes of change in f0.
4. Conclusion

This study provided empirical evidence that both low and moderate physical workload can
affect respiratory and laryngeal aspects of speech production. It extends previous group-level
analyses by assessing individual responses to exercise, showing that participants differ
considerably in their response to a low workload that is functionally equivalent to brisk walking.
This finding may be relevant for automatic speech/speaker recognition applications because it
demonstrates that everyday activity can give rise to intraspeaker variability in the acoustic
signal. Further, the same level of activity can have different vocal effects for different speakers.

43



egh | | ovg

50

40+ .
. @ ‘ workload
=30 ® ®
O
= rest
@20 * low
)
£ 101 moderate
=
:_C:’ jwi | | zmq | .
o breathsMin
R L
0 ® 2
()
@ 404 @ s
m

$ =

30 o

2017

10

175 200 225 250 175 200 225 250
f0 (Hz)

Figure 2. Relation between breath depth and fO with increasing physical workload for four
speakers; dot size indicates breath rate (per minute)

References

Escudero, P. — Boersma, P. — Rauber, A.S. — Bion, R.A.H. 2009. A cross-dialect acoustic
description of vowels: Brazilian and European Portuguese. The Journal of the
Acoustical Society of America 126. 1379-1393.

Fischer-Jargensen, E. — Hutters, B. 1981. Aspirated stop consonants before low vowels, a
problem of delimitation — its causes and consequences. Annual Report of the Institute
of Phonetics University of Copenhagen 15. 77-102.

Godin, K.W. — Hansen, J.H.L. 2008. Analysis and perception of speech under physical task
stress. Proceedings of Interspeech 2008. 1674-1677.

Hansen, J.H.L. — Bofil, H. 2018. On the issues of intra-speaker variability and realism in

speech, speaker, and language recognition tasks. Speech Communication 101. 94-108.
Romero, S.A. — Minson, C.T. — Halliwill, J.R. 2017. The cardiovascular system after exercise.

Journal of Applied Physiology 122. 925-932.

Shue, Y.-L. — Keating, P. — Vicenik, C. 2009. VOICESAUCE: A program for voice analysis.
Proceedings of the ICPhS XVII. 1846-1849.

Van Puyvelde, M. — Neyt, X. — McGlone, F. — Pattyn, N. 2018. Voice stress analysis: a new
framework for voice and effort in human performance. Frontiers in Psychology. 9.

44



AGE PATTERNS AND INDIVIDUAL VARIABILITY IN TURN TAKING: TIMING
AND STRATEGIES IN THE CONVERSATION OF 5- AND 9-YEAR-OLD
CHILDREN

Hamori Agnes! — Béna Judit?

!Nyelvtudomanyi Kutatokdzpont
2Etvos Lorand Tudoményegyetem

hamori.agnes@nytud.hu, bona.judit@btk.elte.hu

1. Introduction

In the last two decades, there has been a special interest in researching the timing of turn-taking
in conversations (see e.g. de Ruiter et al. 2006, Magyari et al. 2014, Holler et al. 2015). In
spontaneous conversations among adults, the transition between turns occurs rapidly and
smoothly, with no long pauses or overlaps (Sacks et al. 1974). The average duration of speaker
change is found to be between -250 and +250 ms (Stivers et al. 2009, de Ruiter et al. 20086,
similar data in Hungarian cf. Marko—Goésy 2015, Horvath et al. 2021). The short gap between
turns and the precise timing is remarkable because the time required to produce simple single-
word utterances (minimum 600 ms, Indefrey and Levelt, 2004) far exceeds this average
duration, suggesting a highly complex underlying mechanism involving earlier speech
production planning and predictive processes (Levinson 2013, Holler et al. 2015). Taking this
into account, the development of timing in children is particularly interesting; although
relatively few studies have examined children's turn-taking timing (e.g., Casillas 2014), they
point to the central importance of this phenomenon (Hilbrink et al. 2015). According to the
results, children's turn-taking durations are strongly related to their age (also influenced locally
by other factors, similar to the turn-takings of adults); however, this does not imply a linear
decrease, but rather more complex changes (e.g., slowing down at the age of 1 year, Hilbrink
etal. 2014). Little is known about turn-timing after the age of 5 years. Therefore, it is important
to explore age-related timing patterns in children; however, significant individual variability
can also be observed in this regard, similar to other areas of language development, which is
also relevant for research. These may partly stem from differences in language development
and partly from individual speech habits or strategies. Our research focuses on exploring these
individual characteristics.

2. The aim and questions of the research

The present study examines the timing of turn-taking in the conversations of 5- and 9-year-old
children (n=24, 12 male and 12 female participants), as well as two other relevant phenomena:
the average turn length and the use of turn-taking facilitating techniques, which are closely
related to turn-taking as well. The main question is what general characteristics can be observed,
and what individual variability appears. The specific questions are as follows: 1) Is there a
typical age pattern in the timing of turns in 5- and 9-year-olds compared to the turn-taking
pattern of adults? 2) Are there differences between the 5- and 9-year-old groups concerning
timing, average turn length, and turn-taking facilitating strategies? 3) Are there large individual
differences in timing patterns, turn length, and the turn-taking facilitating strategies in children?

3. Data and method

In this study, we examine the conversations of 24 children with adults from the GABI database
(Bona 2017). The sample consisted of 12 five-year-olds and 12 nine-year-olds (6-6 boys and
girls in each age group). All they were Hungarian monolinguals, with intact hearing and typical
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speech development. Appr. 5 minutes of recording were analyzed per conversation, the total
duration of the analyzed material was appr. 120 minutes, encompassing a total of 1238 turns,
of which 628 turns were produced by the children. The audio recordings were annotated using
Praat software (Boersma-Weenink 2008). We manually determined turn boundaries, filled
pauses and turn-initial discourse markers. The timing of turn taking was measured based on the
FTO value (Floor Transfer Offset, de Ruiter et al. 2006), examining the duration of pause
between the end of the preceding turn and the start of the new turn (negative FTO indicates
overlapping speech). Turn length was calculated for children's speech (per 100 words). The
turn-taking support techniques include filled pause and discourse markers at the beginning of
the turn; they were manually annotated. The quantified data were subjected to statistical testing
using SPSS 20 software at a 95% confidence level (Kruskal-Wallis test).

4. Results

Regarding the timing (FTO values), we found a characteristic pattern in both age groups (Fig.
1), in which most of the turn-takings occurred with durations under 800 ms, with a mode of
around 500 ms, and sometimes with 0 FTO values (in girls with a bit faster timing: mode around
250ms). Negative FTO (i.e. overlapping speech) rarely occurred in the children. However, there
were large individual differences: one 5-year-old child almost always changed turns with a
pause, and by two others we found many overlapping turns. (Fig. 2).

FTO-s in 5-year-olds (n=6) FTO-s of 9-year-olds (n=6)
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Figure 2. Individual differences in overlaps of turn-takings

The average turn length showed similar values for most children in both age groups. However,
significant individual differences were found in one person each from both age groups (Fig. 3).
In both age groups, turn-taking facilitating strategies were observed in every child, primarily
through the use of filled pauses or a discourse marker (,,hat”), but the proportions and types
varied depending on age and the individual (Fig. 4). At the age of 5, filled pauses dominated in
all children, while at the age of 9, the DJ ,,hat" was the most common tool for turn-taking. The
use of this turn-taking techniques differed significantly among individuals: some children
started 10% of their turns this way, while another child initiated 70% of their turns using it.
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5. Conclusion

The results indicate that there are typical age patterns in timing of turn-taking at the ages of 5
and 9, but within these, large individual differences may occur; both in terms of timing,
especially the median FTO and overlapping speech, and the turn length and the strategies and
means supporting rapid turn-taking. There are various possible reasons for these differences:
the diverse rate of language development (most probably linked to the median FTO and avarage
turn length), special strategies or individual speech habits, or a combination of these; but the
affect of socialization and heard adult language patterns is also plausible.
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Introduction. Hungarian is an agglutinating language with front/back vowel harmony
[4]. Most monomorphemic stems contain either front or back vowels, and most suffixes
have a front and a back alternate (kapu+ban ‘in gate’, fehér+ben ‘in white’). Additionally,
there is a substantial amount of loan words with mixed harmony including both back and
front vowels. Similarly to many other langauges with vowel harmony like Finnish, front
unrounded vowels tend to be transparent, meaning that the harmonic suffixation rule looks
through them, and the stem receives a back suffix, e.g. papir+ban ‘in paper’. However,
the so-called height effects shows that the degree of transparency depends on vowel height
[1]: the lower the vowel, the less transparent it is.

In Standard Hungarian, front unrounded vowels are high /i i:/, mid-high /e:/ and
mid-low /e/. Mixed stems containing back vowels and /i/ always take back suffixes,
while /e:/ stems show some vacillation (norvég+ban/ben, ‘in Norwegian’). Mixed stems
with /e/ show a more complex behaviour. (1) Colloquial words such as matek ‘maths’
tend to take back suffixes, (2) educational terms and recent borrowings, e.g. koncert
‘concert’ occur only or mostly with front suffixes, while (3) the majority of loan words
containing back vowels and /e/, e.g. hotel ‘hotel” are vacillating, i.e. the choice of front
and back suffixes varies within and across speakers.

While Standard Hungarian (SH) has only three height categories for transparent (i.e.

front unrounded) vowels, many dialects maintain two e phonemes. In these regional vari-
eties, mid-open /e/ and /& / are phonologically distinctive, although marginally. Standard
Hungarian orthography does not distinguish between the two height degrees, they are both
given with the letter e. Dialect speakers realise mixed stems with mid-open /e/, being
the third height degree on a four-item scale. According to the height effect, it might be
the case that the division into two /e/ height categories triggers a less transparent repre-
sentation of these stems in dialect speakers, which would result in a higher preference for
back suffixes in mixed stems.
Methods. The present study compares the suffix preference in two varieties: Western
Hungarian (WH) with a phoneme system containing 4 heights for front unrounded vowels,
and Standard Hungarian (SH) with only 3 heights. Mid-open /e/ in mixed stems is the
lowest vowel in the SH vowel system, while there is an additional open /&/ in the WH
vowel system that does not appear in mixed stems. We wanted to explore whether the
height effect described by Hayes & Londe (2006) results in a different suffix preference
in the two groups. We hypothesised that WH speakers would choose back suffixes more
often than SH speakers because of the presence of an additional low vowel in their vowel
inventory.

For the present study, 16 disyllabic stems containing a back vowel and /e/ were cho-
sen. The choice of the stimuli was based on an earlier production experiment investigating
suffix preferences of SH speakers (for details, see [3]). 8 stimuli in the present experiment
were vacillating stems (front/back preference close to 50% in the former production ex-
periment), 4 went together with back suffixes (front selection < 20%), and 4 with front
suffixes (front responses > 80%).
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In Hungary, dialects do not have a high prestige, which leads to an overall loss of
dialect usage among younger speakers. Thus, target speakers of the Western Hungarian
dialect were mostly elderly people with limited knowledge of digital devices. For this
reason, a paper-based questionnaire seemed to be the appropriate tool for data collection.
The experimenter (the author) was present during data collection and noted whether
participants were dialect speakers. They were asked to specify their gender, year of birth
and the location of their first school year.

20 participants speaking the Western Hungarian dialect were recruited in Sopron,
Western Hungary. Their mean age was 64.2 years (6 females, 14 males). A matching group
with speakers in and around Budapest was included (mean age 56.9 years, 5 females, 11
males). All speakers in the WH group distinguished between mid-open and low e, and
none of them did in the SH group.

Participants were asked to fill in a printed questionnaire presenting the target words

embedded in a carrier sentence, in which the vowel of the target suffix was missing.
The carrier sentences were identical to the ones used in the previous experiment and
included four pairs of suffixes: dative nak/nek, instrumental val/vel, elative bol/bél, alla-
tive hoz/hez. Descriptive statistics along with linear regressions for the pooled data are
reported below.
Results. The preference of front vs. back suffixes in the Western and Standard Hungarian
group is shown in Fig. 1 for stems with an overall back, front and vacillating preference in
Patay et al. (2018). Against our expectations, vacillating stems (e.g. panel ‘prefabricated
house’) did not reveal a difference between the two dialect groups. Moreover, Western
Hungarian speakers chose the back suffix less frequently with back-preferring stems like
maszek ‘private’ than Standard speakers. At the same time, front-selecting stems like
roller ‘scooter’ received a back suffix more frequently in the Western group.

Given the relatively small size of speaker groups, two additional comparisons were
carried out. The left panel in Figure 2 shows a regression line based on the amount of
front suffix choices in the experiment by [3] and the the two speaker groups in the present
experiment. SH speakers’ suffix choices were close to that of the participants in Patay
et al.’s experiment, whereas WH speakers preferred back suffixes slightly more, indicated
by a less steeper regression line. The right panel in Figure 2 takes the written Hungarian
National Text Corpus (MNSZ2) [2] as a reference. Again, speakers of WH had a slightly
flatter regression line showing that they preferred back suffixes more than SH speakers.
Interestingly, regression lines for both speaker groups are flatter for the text corpus than
for the production experiment. It shows that a forced choice task might lead to more
back suffix choices in general.

Conclusions. Preliminary results show that the height effect seems to differentiate be-
tween speakers with a 4- and a 3-level vowel system only to a small extent. A possible
reason for the missing height effect is the complex relationship between factors affecting
harmonic suffix choice such as the surrounding sentence context or the phonotactics of
the suffix. Another explanation is that WH speakers are usually not aware of the fact
that they distinguish between two e phonemes, since they are not distinct in orthography
and have a low functional load in phonemic distinction in general.
Acknowledgements. This work was funded by grant NKFIH K 119863, Ezperimental
and theoretical investigations of vowel harmony patterns. 1 am indebted to Péter Rebrus
for his feedback on the choice of the stimulus material for this experiment.

50



stems with BACK preference stems with FRONT preference stems with VACILLATING preference

100
100
100

— back suffix — back suffix — back suffix
front suffix i front suffix front suffix

80
80
80

preference (%)
60
60
60

40
preference (%)

40
preference (%)

40

20
20
20

SH WH SH WH SH WH

Standard and Western Hungarian speakers Standard and Western Hungarian speakers Standard and Western Hungarian speakers

Figure 1: Barplots for stems with a general preference for (a) back, (b) front suffixes and
(c) vacillating stems in Standard (1E) and Western (2E) Hungarian speakers.
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naire.
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Introduction

Realization of filled pauses are considered speaker-specific characteristics in forensic voice
comparison, including their frequency and their acoustic parameters (Jessen 2021, de
Jong-Lendle 2022), what is more, it is claimed that this phenomenon is one of the most
promising clues (Rose 2002; Hughes—Wood—Foulkes 2016). In forensic context, filled pauses
have several potential advantages over other (vocalic) segments: they occur frequently; their
frequency is speaker-specific; their occurrence is relatively independent of the linguistic
structure; they are typically realized with longer duration than vowels; due to their duration
and phonetic position they have a less variable acoustic structure; they are produced
unconsciously, therefore their acoustic form is not under the speaker’s control (Karpinski
2013, Zdravkovi¢-Jovici¢ 2020).

Language-specificity of filled pauses is suggested by the literature, however, it is not clear
what this means. Filled pauses, therefore, have been analysed in several languages and
various aspects, including frequency, phonetic position, duration, formant frequencies, {0, and
voice quality, among others. For example, in Polish the first two formants were found to be
significantly different among speakers, but jitter-related voice parameters showed a limited
level of distinctiveness (Karpinski 2013).

The comparison of temporally distant speech samples, which is the topic of interest of the
present study, is relatively understudied, although this is the typical setting in the context of
forensic speaker comparisons. The extent of the temporal gap between recording sessions is
different case by case, which might vary from a couple of months to several years (the longest
documented interval is 27 years (French—Harrison—Windsor-Lewis 2006)). A study of young
Dutch speakers with a 2.5-year interval confirmed that the spectral characteristics of filled
pauses remained stable over time (de Boer—Quené—Heeren 2022), however, we are not aware
of studies with longer time lag with respect to filled pauses. The research question of the
present study, therefore, is the following: are speakers’ filled pauses also acoustically
consistent across recordings made 10 years apart?

Methods

The present study investigates the filled pauses in Hungarian spontaneous speech comparing
non-contemporary recordings. 24 speakers’ interviews were chosen from the Hungarian
Longitudinal Database that includes various speech types recorded with the same speakers at
two time points 10 years apart (first recordings: Neuberger et al 2014, Longitudinal Database:
Graczi et al 2020). 10 female and 14 male speakers were selected aged between 19 and 34
years at the first recording (mean: 26.5 ys, sd: 4.7 ys). The interviews include
quasi-monologous speech about the participants’ education/job, hobby, and family. The
recordings are of various lengths, therefore the first three minutes were analysed from the start
of the first utterance of the speaker. The silent and filled pauses were labelled in Praat
(Boersma—Weenink 2023). The following pieces of information were included in the labels:
(1) “segmental realisation” based on the spectrogram and perception (e.g. [2], [om], [ohm],
[oh]), (i1) “attachment”: possible attachment to the preceding or following words or appearing

52



within a chain of silent-filled-silent (combined) pause, (iii) “phonation type”: the phonation
type observed by perception and the oscillogram (e.g., modal, creaky, breathy). The first three
formants of the [o] hesitations were measured at 11 equidistant time points along the duration
automatically with the basic settings of Praat. The pause types were considered two ways: 1)
as silent, filled, and combined pauses, 2) combined pauses segmented into silent and filled
parts. The following measures were calculated for the pause types: (i) average occurrence
(occurrence number per minute), (ii) occurrence frequency ratio of each pause type, and (iii)
the ratio of occurrences of the filled pause types (only schwa, only nasal, multisegmental)
were compared by Spearman’s correlation between the two recording sessions. (iv) Euclidean
distances between the two recordings of each speaker and across the speakers within the first
and second recording phases were computed based on the first three formants at the midpoint
of the vowel.

Preliminary results

When dividing pauses in two groups: silent and filled types, the number of silent pauses per
minute did not, but the number of filled pauses per minute did show a medium correlation
between the two recording sessions. However, when including a combined pauses category as
well, all three types of pauses did show medium correlations between the two recording
sessions: both the results for occurrence frequency (number/minute; fig. 1.) and their ratio
across categories (number of a type/number of all pauses together).

The filled pauses (considering all separate filled pauses and the parts of the combined pauses)
were divided into 6 main segmental types: [9], [m], [om], [oh], [pm], miscellaneous (= types
that appeared less than 6 times among all the data). With calculating the occurrence frequency
(number/minute), only the [9] types showed medium correlation between the two recording
sessions, while calculating their ratio to all the filled pauses, the [o] and [m] and the
miscellaneous types showed medium correlation between the two recording sessions.
However, in the case of the miscellaneous type, the confidence interval is too large as the data
have large variability between the two sessions.

The formant values of the [o] filled pauses showed large within-speaker variation for some
speakers within the same recording sessions compared to the between-speaker variation.

Discussion

Kiinzel found that this ratio remains “constant” (1997, cited by Rose 2002). The ratio of filled
pauses to all pauses in our study also seems to strengthen Kiinzel’s results: we found
medium/strong correlation between the two recording sessions in both the two- and
three-group calculations. Our results indicate that including three pause types (silent, filled,
combined), the frequency of occurrence of the types is relevant for speaker comparison
analysis. The frequency of occurrence of the [o] and [m] as filled pauses may also be subject
to further research.

[=2]

. 1 . : 10.0 ° .

w
=]

7.54

]
el
~

5.04 .

[hS]
[=]

s e
Spearman

p=0.54,
p <0.01

o
® o Spearman,
p=0.58,
wle p<0.01

N

2.5

2]

.. Spearman,
* p=0.61, d
. p < 0.01

2nd session, , silent p./min.
2nd session, filled p./min.
2nd session, combined p./min

o

0.07

.
o
[=ER ¥ )

10 15 20 25 30
1st session, silent p./min.

1 2 3 4 5 0.0 2.5 5.0 7.5 10.0
1st session, filled p./min 1st session, combined p./min.

Figure 1. Correlation of the ratio of the pause types between the two recording sessions
(silent, filled and combined pauses)

53



Acknowledgement

The research was funded by the National Research, Development and Innovation Office
(project number: FK128814). The first author was also supported by the Bolyai Janos
Research Scholarship of the Hungarian Academy of Sciences and by the UNKP 23-5.

References

Boersma, P. — Weenink, D. 2022. Praat: doing phonetics by computer. http://www.praat.org/

de Boer, M. — Quené, H. H. — Heeren, W. F. L. 2022. Long-term within-speaker consistency
of filled pauses in native and non-native speech. JASA Express Letters 2, 035201.
https://doi.org/10.1121/10.0009598

de Jong-Lendle, G. 2022. Speaker Identification. In Guillén-Nieto, V. V. — Stein, D. (eds.):
Language as Evidence. Doing Forensic Linguistics. Cham: Palgrave Macmillan.
257-319.

French, J. P. F. — Harrison, P. — Windsor-Lewis, J. 2006. R v John Samuel Humble: The
Yorkshire Ripper Hoaxer trial. IJJSLL 13. 256-273.

Graczi, T. E. — Huszar, A. — Krepsz, V. — Szaraz, B. — Damasdi, N. — Markd, A. 2020.
Longitudinélis korpusz magyar felndtt adatkozlokrol. In Berend, G. — Gosztolya, G. —
Vincze, V. (eds): XVI. Magyar Szdmitogépes nyelvészeti konferencia. Proceedings.
University of Szeged. 103—114.

Hughes, V. — Wood, S. — Foulkes, P. 2016. Strength of forensic voice comparison evidence
from the acoustics of filled pauses. IJSLL 23/1. 99-132.

Jessen, M. 2021. Speaker profiling and forensic voice comparison. The auditory-acoustic
approach. In Coulthard, M. — May, A. — Sousa-Silva, R. (eds.): The Routledge
Handbook of Forensic Linguistics. Second edition. London — New York: Taylor &
Francis. 382—-399.

Karpinski, M. 2013. Acoustic Features of Filled Pauses in Polish Task-Oriented Dialogues.
Archives of Acoustics 38/1. 63—73.

Kiinzel, H. J. 1997. Some general phonetic and forensic aspects of speaking tempo. Forensic
Linguistics 4 (1). 48-83.

Neuberger, T. — Gyarmathy, D. — Graczi, T. E. — Horvath, V. — Gésy, M. — Beke, A. 2014.
Development of a large spontaneous speech database of agglutinative Hungarian
language. In: Sojka, P.— Hordk, A. — Kopecek, 1. — Pala, K. (eds): Text, Speech, and
Dialogue: 17th International Conference, TSD 2014, Brno, Czech Republic, September
8-12, 2014. Proceedings. Cham, Svéjc : Springer-Verlag. 424-431.

R Core Team 2022. R: A4 language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna. https://www.R-project.org/.

Rose, P. 2002. Forensic Speaker Identification. London — New York: Taylor & Francis.

Zdravkovi¢, S. —Jovici¢, S. 2020. The importance of speech pauses for psychotherapeutic and
forensic observations. In Ja¢imovski, S. et al. (eds). “Archibald Reiss Days”. Belgrade,
18-19 November 2020. Thematic Conference Proceedings of International Significance.
Belgrade: University of Criminal Investigation and Police Studies. 513-524.

54


http://www.praat.org/
https://doi.org/10.1121/10.0009598
https://www.r-project.org/

BESZELON BELULI ES BESZELOK KOZOTTI VARIACIO A MULTBAN? —
JELENSEGCSOPORTOK ES MODSZEREK LEHETSEGES SZEREPEROL A 18.
SZAZADI MEGNYILATKOZOK AZONOSITASABAN

Varga Ménika!
1 HUN-REN Nyelvtudomanyi Kutatokozpont Torténeti Nyelvészeti és Uralisztikai Intézet

varga.monika@nytud.hu

Hogyan vizsgalhato, és mi lehet a jelentdsége a besz€ldk azonositdsanak a torténetiségben? Mely tényezdk alapjan
tehetiink allitasokat az egyéni nyelvhasznalatrol, valamint a besz¢él6k kozotti egyezkedésrdl irott szovegek alapjan?
E kérdéskor vizsgalata a grammatika és a pragmatika legkiilonfélébb teriileteit fedheti le, ugyanakkor az egyes
idészakok és forrasok alapjan mas-mas jelenségcsoportok szolgalhattak viszonylag nagyobb magyarazo értékkel.
Jelen el6adas problémafelvetd jelleggel tekint at néhanyat a kutatasba vonhato jelenségek és a vizsgalati modok,
lehet6ségek koziil.

A kodexirodalom és a korszak mas forrasai kapcsan mar kialakultak a kézazonositas olyan modszerei, amelyekkel
a kor valamilyen tekintetben markansnak mutatkozé megnyilatkozo6i azonosithatova valtak (igy tobbek kozott a
Nyulak szigeti kddexmasolok, Raskay Lea keze Elena priorissza levelében, a pszicholingvisztikai jellemzdk
alapjan is kozos kéz az Apor- és a Lanyi-kddexben, részletesen lasd Haader 2009, 2017, 2019). A paleografiai
jellemzés mellett 1ényegessé valt a nyelvi elemzés olyan fogddzok mentén, mint a fonéma—graféma megfelelések,
a rovidités, a szovegtagolas, beleértve a kozpontozast, a szovegbeli javitasok, valamint a nyelvjarasi sajatossagok
(ezek egyike sem kiindulasnak, hanem eredménynek tekinthetd, 1asd még Haader 2014, 2015). Egy ideje a hasonld
vizsgalatok kiterjedtek a késobbi iddszakokra, igy a 16—18. szdzadra is, olyan forrasokra, mint a misszilisek
(példéaul Kocsis 2020, 2022) vagy éppen a boszorkanyperek.

Utobbi forrascsoportban a megnyilatkozok azonositasa tobb aspektusbodl is felmeriil: a lejegyz6i tevékenység
korvonalazasa és a lehetséges motivaciok feltarasa (javitasok, modositasok alapjan, Varga 2020, vagy éppen
szovegvaltozatok dsszevetésen keresztiil, Varga 2022a) mellett jogi értelemben is jelentdsége lehetett annak, hogy
a tanuk a megnyilatkozasai alapjan azonositottak-¢ a vadlottat valamilyen karokozassal 6sszefiiggésben. Magahoz
a boszorkany szerepéhez is kotddnek olyan hiedelmek, mely szerint a viselkedésébdl, egyes nyelvhasznalati
mintazataibol lehet a rontassal gyanusithatok személyére kovetkeztetni. Az eldadas egyik esettanulmanya néhany
jegyz6konyv metakommunikativ jelzéseire, reflexioira (jelentdségiikrél a nyelvi formak és a tarsadalmi jellemzok
kapcsolatat tekintve a torténeti magyarazatokban 1lasd Beal 2019) iranyul a boszorkanyperes eljaras kontextusaban,
beleértve a vadlottak kihallgatasat is, ahol egyfajta egyezkedés targyava valhatott az, hogy egyes tartalmak kit6l
és hogyan hangzottak el.

A megnyilatkozok azonosithatésdginak problémaja a nyelvtorténeti kutatasok szempontjabdl a tekintetben is
fontossa valhat, hogy inkabb az egyénhez vagy tarsadalmi rétegekhez, illetéleg regiszterhez (bizonyos hasznalati
szituaciokhoz asszocialt nyelvhasznalati variansok csoportjaként értelmezve azt, v6. Biber—Conrad 2009)
kapcsolhatok-e egyes variaciok egy adott idészakban. Torténeti forrasok esetében a regiszterek nem kotott
kategorianak szamitanak, hanem a kiilonféle adatok és preferencidk mentén finomhangolast igényelhetnek, igy
meghatarozasuk is eredménynek tekinthetd. Ugyancsak felmeriil, hogy az egyén vagy a regiszter befolyasolja-e
E kérdéskorhoz kapesolodva az eléadas evidencialitas- és attitiidjelolé elemek megoszlasaval foglalkozik (lasd
még Varga 2022b) elsdsorban 18. szdzadi emlékiratok 6sszehasonlitasan keresztiil felvetve azt, hogy lehetett-e
bizonyos pragmatikai markerek vagy markercsoportok hasznalatanak viszonylagos egyénit6 szerepe a korszakban.
A megallapitasok értékelése soran ugyanakkor tekintetbe kell venni az olyan mddszertani problémakat is, mint a
forrasok nem kiegyensulyozott fennmaradasa és a reprezentativitas (lasd még Domotor—Gugan—Varga 2021). Eseti
jelleggel két olyan szoveg kerll el6térbe, amely kiilonb6zé szerzOktdél szarmazik, de ugyanarrdl az utazasrol
szamol be. A kés6bbi szakirodalom szerint a tartalmi kiilonbségeket tekintve asszonyi szemmel késziilt leiras
allithato szembe a férj diplomaciai targyG napldjaval (S. Sardi 2000, 2014). A kvalitativ elemzés
részeredményeinek tagabb kontextusba helyezéséhez azonban tovabbi forrasokat is sziikséges bevonni a
vizsgalatba (egyrészt néhanyat a korszakban alulreprezentalt néi naploirok miiveib6l, masrészt egy szerz6tol
szarmazo tobbféle irast, igy példaul emlékiratokat €s maganleveleket).
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A SZOVARIABILITAS SAJATOSSAGALI 4;6-4;11 EVES, TIPIKUS
BESZEDFEJLODESU ES BESZEDHANGHIBAK TUNETEIT MUTATO
GYERMEKEK BESZEDPRODUKIOJABAN

Hunyadi-Kébor Zita — Tar Eva
ELTE Barczi Gusztav Gyogypedagdgiai Kar
hkzita@student.elte.hu, tar.eva@barczi.elte.hu

A beszédhanghibak terminus a gyermekkori kommunikacios zavarok egyik tipusat jel6li,
melynek sajatossaga, hogy a beszédhangok produkcidja elmarad az életkor alapjan varttol. A
problémakorrdl valé gondolkodds a logopédidban az elmult évszdzadban folyamatosan
valtozott, fejlodott. Jelenleg a pszicholingvisztikai szemléletmod, és a zavar erny6terminussal
jelolése a szakmaban altalanosan elfogadott (Tar, 2017). Az elmaradas okat, felszini tiineteit
tekintve heterogén populécio felosztasara tobb probalkozas is tortént, melyek koziil az egyik
legtobbet hivatkozott Dodd (2014) nyelvi-kognitiv szemléleten alapuld klasszifikacios
rendszere. A szerzé altal 1étrehozott felosztasban az ismeretlen eredeti beszédhanghibak 6t
alcsoportja kiilonithet6 el, melyek koziil kettd, a konzisztens- és az inkonzisztens fonologiai
zavar elvalasztasat egyetlen differencidldiagnosztikai kritérium, az ismételt beszéd
variabilitdsanak mértéke teszi lehetdvé: inkonzisztens fonologiai zavar diagnosztizalhato, ha a
gyermek egy adott sz6 haromszori (sziinetekkel megszakitott) ismétlése soran az ismétlendo
itemek mimimum 40%-aban legalabb kétféle ejtést produkal és ez a beszédbeli sajatossag
nem az artikulacidos szervek mozgésanak elmaradasabol adodik. Dodd angol anyanyelvi,
tipikus beszédfejlodésti gyermekek ismételt beszéd-variabilitas adatait figyelembe véve
fogalmazta meg a fenti differencidldiagnosztikai javaslatat. A mutatd alkalmazasaval tehat
véleménye szerint elkiilonitheté a fonologiai természetli elmaradds konzisztens &s
inkonzisztens tipusa, amelyek hatterében a feltételezések szerint eltérd nyelvi-kognitiv
miiveleti zavar all, ebbdl adoddan pedig az érintett gyermekek terapidja eltérd intervencios
stratégiat kovet. A klasszifikacios rendszer publikalasat kovetden a 4-5 éves életkori sav
kiilonboz6 anyanyelvii gyermekek esetében is szerepelt mar szdvariabilitas-vizsgalatokban,
ezek az eredmények a beszéd konzisztencidjanak magas aranyat mutattak (Holm et al., 2022).
Magyar anyanyelvli gyermekek vizsgélatardl tudositd publikdcid azonban a téméaban még
nem sziiletett.

Jelen kutatas célkeresztjében a magyar fonologiai fejlddés tipikus, illetdleg atipikus menetét
kovetd négyéves gyermekek ismételt beszédének variabilitasa all. Vizsgéalatunkban harom
kérdésre kerestiik a valaszt. Az elsé kérdés arra iranyult, hogy a tipikus fonologiai fejlédést
mintdban milyen mennyiségi (szazalékos) atlagértekeket mutatnak a szovariabilitds egyes
altipusai; illetve Osszesitve a konzisztens; és variabilis valaszok. A masodik kérdés azt
vizsgalta, hogy a fonoldgiai tipusti beszédhanghibak egymdashoz viszonyitott ardnya miként
alakul akkor, ha az inkonzisztens beszéd regisztralasara a dodd-i >40%-os kritériumot
hasznaljuk, illetve akkor, ha a tipikus fonologiai fejlédésti csoportban kapott atlagos
variabilitasértéktol valo >1, vagy >1,5 szorasnyi eltérést vessziik alapul. A harmadik kérdéssel
azt kivantuk feltdrni, hogy a két vizsgilati minta eredményei mutatnak-e eltérést a
szdvariabilitas kiilonbozd tipusainak eléforduldsi aranyaban, és amennyiben igen, az miben
nyilvanul meg.

A kutatdsban magyar egynyelvii 4;6-4;11 éves, tipikusan fejlédé (12 {6) és beszédhanghiba
tiineteit mutatd (6 f6) gyermekek vettek részt. A csoportba sorolas a beszédprodukciod
pontossaga €s a fonémaallomany fejlettsége alapjan tortént, a Tar (2017; 2018) altal kozolt
normativ adatok figyelembevételével. A beszédhanghibakon beliili differencidldiagnézis
fonologiai folyamat-elemzésen alapult S. Tar (2006) szerint. Mindezen elemzések a magyar
szegmentalis fonologiat reprezentald 125 szobol 4llo szolista képmegnevezéssel kivaltott
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szoprodukcioin valosultak meg. A szdvariabilitds eléfordulasi gyakorisaganak és
mintdzatanak vizsgalata szintén képmegnevezéssel kivaltott beszédprodukcioban tortént,
melynek soran a gyermekek a fenti szolistabol kivalasztott 25 szt par perc megszakitassal
még kétszer ismételték meg. A szoéanyag 1-4 szbdtagl, egyszeri és komplex szotagszerkezetii
szavakat tartalmazott. Az itemenként Gsszesen haromszori realizacidkat a variabilitds és a
pontossag dimenzidiban elemeztiik, a megvalosulasokat a Holm és munkatérsai (2007) altal is
alkalmazott négy alkategoriaba soroltuk: (1) konzisztensen pontos, (2) konzisztensen hibas,
(3) variabilis pontos valasszal, (4) varidbilis pontos valasz nélkiil. Annak eldontéséhez, hogy a
beszéd variabilitdsa Osszefligghet-e az artikulacids szervek miikodésével, a nyelv és ajkak
mozgésat egyszeru feladatvégzés kdozben megfigyeltiik. Az artikulacios szervek vizsgalatara a
szoanyag masodik ismétlését kovetden keriilt sor, a Logopédiai vizsgalatok kézikonyve
(Juhasz, 2007) alapjan. Eredményeink szerint a mintaban szereplé tipikus fejlodési
gyermekek beszéde nagymértékben konzisztens volt (atlag: 92,67%, szoras: 5,07), variabilis
valaszaik pedig tobbségében az érést tiikrozték. Ezen eredmények egybevagnak a Holm és
munkatarsai (2007) altal vezetett, brit gyermekmintan késziilt vizsgalat megallapitasaival,
valamint — a konzisztens valaszok talstlya tekintetében — mas, egyéb nyelveken késziilt
mérésekkel is. A beszédhanghiba tiineteit mutaté csoportban a konzisztencia atlagos mértéke
67,33% (szoras: 10,25); a variabilis produkcio atlagos értéke (32,67%) megkdzeliti, bar nem
éri el a Dodd altal javasolt kritériumértéket. Az eltérd besorolasi kritériumok eltérd
beszédhanghiba-alcsoport aranyokhoz vezettek. A tipikus fonologiai fejlodéshez torténd
hasonlitdis mindkét szoraskritériummal 100%-ban inkonzisztens fonologiai zavaros
gyermekekbdl allo, homogén csoportot eredményezett. Ezzel szemben akkor, ha a dodd-i
40%-ot vessziik az inkonzisztens zavar differencidldiagnosztikai kritériumaként, akkor az
inkonzisztens fonologiai zavar alacsonyabb eldforduldsi aranya igazolodik a konzisztens
fonologiai zavarhoz képest, a Dodd (2014) altal leirtakhoz hasonloan. A variabilitas mintazata
a két minta esetén eltérd volt, az egyes tipusok gyakorisaganak sorrendje a kovetkezdképp
alakult: a tipikus fonologiai fejlodésti csoportban a leggyakoribb valasztipus a konzisztensen
pontos, a legritkdbb a varidbilis pontos valasz nélkiil volt, az atipikus fonoldgiai fejlédésii
csoportban pedig a két masik tipus fordult eld legnagyobb (konzisztensen hibas) és legkisebb
(variabilis pontos valasszal) ardnyban.

Bar kutatasunk nem reprezentativ, kis elemszamu mintakon keriilt felvételre, fontossaga nem
elhanyagolhatd a hazai logopédiai gyakorlat szempontjabodl: legfontosabb eredménye, hogy
atipikus fonoldgiai fejlédés esetén az ismételt beszéd variabilitdsdnak elemzéséhez hasznalt
kiilonbozo kritériumok eltérd beszédhanghiba-alcsoportba torténd besorolast eredményeznek
egyes gyermekeknél. Ez felveti a kérdést, hogy vajon milyen mutatd alkalmazéasa vezet olyan
alcsoportba sorolashoz, melybdl adott gyermek a nala ez alapjan alkalmazasra kijelolt
intervenciobol a leginkdbb profital, hiszen az egyes alcsoportokra a szakirodalom eltérd
terapiatipusokat javasol. Mindez dilemma elé allitja a szakmat ezen mutatok klinikai
alkalmazhatosagéanak tekintetében, és eldrevetiti a tovabbi vizsgéalatok nélkiilozhetetlenségét a
szdvariabilitas teriiletén mind tipikus, mind atipikus beszédfejlodésti gyermekek esetében.
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1. Bevezetés

A tanulasban akadalyozottak korébe olyan nehezen tanuld, illetve enyhén értelmi
fogyatékosnak mindsitett emberek tartoznak, akik a gydgypedagogiai pszichologia komplex
vizsgalo eljarasaival megallapitott intellektualis képességzavar kovetkeztében kialakulo atfogd
¢s tartos tanulasi nehézséggel élnek egyiitt (Mesterhazi—Szekeres szerk. 2021: 114). A jelen
vizsgalat fokuszaban az enyhe értelmi fogyatékossaggal él0k allnak, akik egy csoportjat
képezik a tanulasban akadalyozott személyeknek. Az értelmi fogyatékossaggal €16k esetében
altalanossagban megallapithatd az 4ltalanos informéciofeldolgozd funkcidk, tovabba a
gondolkodas és a téri tajékozodas sériilése, amelyek befolyasoljak a beszédprodukciot és a
beszédpercepciot (Lukacs—Kas 2014). Szinte minden esetben jellemzd rdjuk a megkésett
beszédfejlodés, emiatt nem ritka, hogy bizonyos beszédfejlodési szakaszon hosszabb ideig
megrekednek (Hatos 2008, Lanyiné Engelmayer 2017). A nyelv- és a beszédfejlodés kiilonb6zo
teriiletein kisebb-nagyobb mértékben elmaradnak a tipikus fejlodési személyektdl, jellemzd
erre a csoportra tobbek kozott a szlikoés szokincs, a beszédhibdk megjelenése, a
metakommunikacio nehezitettsége (Radvanyi 2005, Mesterhazi—Szekeres szerk. 2021). A
legtobb kutatds az értelmi fogyatékos személyek beszédének tartalmi részét vizsgalta, a
szupraszegmentalis szerkezet jellemzoit is foként kozépstlyos értelmi fogyatékos gyermekek
és felndttek beszédében elemezték (vo. az alaphangjellemzdkre vonatkozoan Albertini et al.
2010, Seifpanahi et al. 2011, Zampini et al. 2016). Magyar nyelven a temporalis jellemzoket
megemlité két kutatas fokuszaban is a kozépsulyos Down-szindromaval €16 (DSZ) személyek
allnak. Homor (2008) 10 Down-szindromas (az atlagos életkor 13,8 év) és 10 mas értelmi
fogyatékossaggal €16 (a tanulmanybol nem deriil ki, hogy pontosan milyen stlyossagi
kategoriat ért ez alatt a szerz6; az atlagos életkor 14,1 év) fiatal tarsalgasaban és narrativ
beszédében 1évd beszédhibak mellett a beszédtempot is elemezte. Az eredmények szerint
mindkét beszédtipusban a DSZ személyeknél volt gyorsabb az atlagos beszédtempo. A
narrativaban a DSZ gyermekek beszédtempdja 36,42 szo/perc volt, mig a mas értelmi
fogyatékossaggal ¢lok érteke 30,19 szd/perc volt. A tarsalgasban a DSZ személyeknél 28,92
sz6/perces értéket, a masik csoportnal 25,50 sz6/perces értéket mért. Rohar (2016) 15 és 18
éves kor kozotti DSZ fiatal és mas értelmi fogyatékossaggal €16 személy (ebben a
tanulmanyban sincs részletezve az értelmi fogyatékossag tipusa), valamint 4 és 7 éves kor
kozotti tipikus fejlodésti ovodas szokinceseét, morfologiai €s szintaktikai készségét, valamint
beszédtempdjat elemezte. A feladatban egy képtorténetet kellett elmesélniiik, az eredmények
pedig azt mutattdk, hogy a DSZ személyek atlagosan 26,07 sz6t, a mas értelmi
fogyatékossaggal ¢élok 47,45 szét, mig az 6vodasok 65,27 szdt mondtak percenként. A
csoportok kozotti eltérések szignifikansak voltak. Jankovics és Garai (2019) enyhe értelmi
fogyatékos ndk megakadasjelenségeit (tobbek kozott a sziinetezést) elemezték a spontan beszéd
kiilonboz6 tipusaiban, és ezeket az értékeket vetették Ossze a nemben €s korban illesztett
kontrollszemélyekével. Eredményeik szerint mind a néma, mind a kitdltott sziinet hosszabb
id6tartamban valosult meg az enyhe értelmi fogyatékosoknal, tovabba mindkét csoportban a
néma sziinet fordult eld leggyakrabban (minden beszédtipusban).
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A kontrollpopulaciora vonatkozoéan szamos kutatas alapjan elmondhatd, hogy a beszédtipus
nagyban befolyasolja a kiilonb6zo idozitési jellemzoket, mint példaul a tempodt, a
beszédszakaszok idétartamat és a sziinetezést (vo. Markd 2014). Tovabba a beszélé nemére
vonatkozoan ellentmondasosak az eredmények: Gocsal (2001) eredményei szerint a ndk
beszédtempodja gyorsabb a férfiakénal, tobb kutatas viszont azt bizonyitotta, hogy a fiuk, férfiak
beszélnek gyorsabban (példaul Marko 2015, Toth 2017).

A jelen kutatés célja, hogy megvizsgalja a tanulasban akadalyozott fiatalok csoportjaba tartozo
enyhe értelmi fogyatékos fiatalok spontan beszédében az idozitési jellemzoket, majd
Osszehasonlitsa azt a nemben és korban illesztett kontrollszemélyek értékeivel. A csekély
szaml nemzetkdzi és magyar kutatas alapjan a vizsgalat hipotézisei szerint (1) a spontan beszéd
kiilonbozo tipusainak a temporalis mintazatdban kiilonbség mutatkozik a tanuladsban
akadalyozott és a kontrollszemélyek kozott; valamint (2) a nemek kozott eltérés tapasztalhatod
a beszédtipusokat €s a mentalis allapotot tekintve.

2. Médszertan

A jelen kutatasban 16 tanulasban akadalyozott fiatal (8 n6, atlagos életkor: 19,4 év; 8 férfi,
atlagos életkor: 19,6 év), valamint hozzajuk nemben és korban illesztett 16 kontrollszemély (a
nok atlagos életkora: 20,0 év; a férfiak atlagos életkora: 19,5 év) hanganyagait elemeztem.
Mindegyik tanulasban akadalyozott személy egy-egy budapesti specilis szakiskola tanuldja,
akiket a kiilonboz0 szakértdi bizottsagok enyhe értelmi fogyatékosnak diagnosztizaltak (BNO-
koéd: F70; BNO-10, 1995). A sajat gyljtésti hanganyagok kozott kétrészes interju, képleiras és
torténetmondas szerepelt, ezek képezik a jelen kutatas spontan beszéd anyagat. Mindegyik
beszédtipus a GABI adatbéazis (Bona et al. 2014), valamint a To6th (2017) altal hasznalt
feladatok alapjan lett kivalasztva. A kutatdsetikai szempontokat figyelembe véve mindegyik
adatkozl6 szoban és irasban is tajékoztatast kapott a vizsgalat menetérdl, a feladatok tipusarol,
az enyhe értelmi fogyatékos adatkozlk esetében a sziild, a gyam vagy a gondnok irdsban
nyilatkozott arrol, hogy a kisérletvezetd megismerheti a szakértdi bizottsagok altal kiallitott
dokumentaciot. A hanganyagot a Praat programmal (Boersma—-Weenink 2016-2020)
annotaltam, a temporalitdsra vonatkoz6 adatokat egy erre a célja készitett script segitségével
hataroztam meg. Az id6zitésre vonatkoz6 elemzések — beszédszakasz-gyakorisag, artikulacios
¢s beszédtempd, atlagos szotagidOtartam, sziinetarany — sordn a tanuldsban akadalyozott
személyek és a kontrollszemélyek értékeit vetettem Ossze a beszédtipusok és a nemek szerint.
A statisztikai elemzéshez az SPSS 20.0 szoftvert hasznaltam.

3. Eredmények

Az eredmények alatamasztottdk az elsd hipotézist, amely szerint a temporalitds egyes
tényezdiben kiilonbség mutatkozik a tanuldsban akadalyozott és a kontrollszemélyek értékei
kozott. Ennek hatterében az all, hogy az enyhe értelmi fogyatékosoknal bizonyos képességek
masképpen milkodnek a kontrollszemélyekhez képest, és a kiillonboz feladatokban aktivalodo
készségek (kognitiv, narrativ készségek, memoria) nagyban befolyasoltdk adatkozloi és
csoportszinten is a temporalis tényezok alakulasat. A nemek kozotti kiillonbségek is igazolodtak
a legtobb paramétert tekintve, de ezek elsOsorban a tanuldsban akadalyozott személyeknél
mutatkoztak meg. A beszédszakaszok gyakorisiga mind a négy csoport esetében az interju
masodik részében volt a legnagyobb. A tempdértékek minden esetben az enyhe értelmi
fogyatékos csoportokban voltak kisebbek. Mindegyik csoport esetében a tartalomosszegzésben
volt a legnagyobb az atlagos szotagiddtartam. Tovabba a néknél mértem magasabb értékeket a
férfiakhoz képest. Mindegyik csoportndl az interju elsd részében volt a legtobb, mig az interju
masodik részében volt a legkevesebb sziinet, tovabba a néma sziinetek voltak a leggyakoribbak
a jellel kitoltott és a kombindlt sziinetekhez képest. A csoporton beliili egyéni kiilonbségek
jelentdsek voltak a sziinetek gyakorisdgat kivéve mindegyik valtozo esetében. Tovabba a
vizsgalat érdekessége volt, hogy a kontrollférfiak altal produkalt mintazat a legtobb esetben
teljesen ellentétes volt a mésik harom csoporthoz viszonyitva.
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4. Osszegzés, kitekintés

Mind a nemzetkozi, mind a magyar irodalmat nézve lathatd, hogy a tanulasban akadalyozott,
enyhe ¢értelmi fogyatékossaggal ¢€l0 személyek spontdn beszédét szupraszegmentalis
szempontbdl elemzd miivek szdma elenyészd. A jelen kutatds eredményei tobb teriileten is
felhasznalhatova valhatnak (fonetika, pszicholingvisztika, gyogypedagogia). Tovabba a kutatas
korpusza tobb vizsgalat alapjat is képezheti, példaként emlitve a tanulasban akadalyozott
fiatalok beszédének zongejellemzdit, megakadasjelenségeit és dallamszerkezetét.
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A beszédben megjelend beszédhangok szamos okbdl mutatnak valtozatossagot: ugyanazon beszédhang kisebb-
nagyobb mértékben eltéré modon valdsul meg példaul kiilonb6zd beszElok esetében, de eltéréseket okozhat az, ha
a beszéd lassabb vagy gyorsabb, illetve az is, ha ugyanazon beszédhangok mas-mas beszédhangok
szomszédsagaban allnak. Felmertil, hogy a valtozatossag egy kiilonleges esete az, amikor egy adott beszédhang

s

crer

az absztrakt reprezentacionak, és a megvaldsulasa fiziologiai torvényszeriiségek, illetve a hidtustoltés fonologiai
folyamatanak bejosolhatd kdvetkezménye, igy a helyesiras sem jeloli (pl. szoknia). Feltételezhetd, hogy ezeknek
a koriilményeknek hatdsa van az egyébként mindségében azonosnak vélt beszédhang kétféle helyzetben
tapasztalhaté megvaldsulasara, amely feltételezés mind az elméleti, mind a kisérletes szakirodalomban felbukkan.

A jelen akusztikai fonetikai kisérletben a fentebb emlitett két [j]-varians realizacidjat elemezziik valodi, jelentéssel
rendelkez6 szavakban: a hiatust6ltoként megjelend [j]-varianst f6névi igenevekben (pl. szoknia), a fonemikus [j]-
t pedig toldalékolt fonevekben (pl. zoknija), de szegmentalisan azonos kérnyezetben vizsgaljuk. A kisérletben e
két [j]-varianst dinamikus elemzéssel hasonlitjuk 6ssze az /in/ és /ijo/ vokalikus szakaszok id6étartama, illetve a
képzés soran létrejovo sziikiilet akusztikai vetiiletének szempontjabol. Egyes fonologiai elemzések szerint a
fonemikus /j/ realizacidja ,,massalhangzdsabb”, mint a hiatustoltd [j]-€, ezért a fonetikai megvalositasuk is eltér
(Siptar-Torkenczy 2000, Siptar 2013). Mig a /j/ képzésében magasabb nyelvallasra szamitunk, azaz jelent6sebb
toldalékcsd-sziikiiletre, addig a hiatustoltd [j] esetében példaul az /ia:/ hangsorban pusztan egy vokalikus
hangatmenet megjelenését varjuk a /j/-nél nyiltabb, felsé nyelvallasu, eldl képzett /i/ és a legals6d nyelvallasu
centralis /a:/ kdzott ugy, hogy abban nem talalunk egy 6nalld, a hiatustdlto [j]-hez tartozo akusztikai/artikulacios
célt, azaz jelentésebb sziikiiletet a toldalékcsében (vo. (Siptar—Torkenczy 2000, Siptar 2013, Davidson—Erker
2014). Korabbi akusztikai vizsgalataink minimalis parokba rendezett alszavakon részben megerdsitették ezt a
feltételezést, ahol a toldalékcsGben megjelend sziikiilet nagysagat az elsé formans (F;) frekvencidjanak értékével
szamszer(sitettiik, ami a sziikiilet &tméréjével forditott aranyban all (Hunt 2003, Jaggers 2018). Az /ia:/ és /ija:/
vokalikus hangsorok F;-gorbéit dsszevetve az /i/ és /a:/ akusztikai céljai kozotti tranzicios fazis realizacidjaban
(ahol a [j]-variansok megjelenésére szamitottunk) a fonemikus [j]-varianst tartalmazé Fi-menet a hiatustolté [j]-
hez képest alacsonyabb F-frekvenciat, azaz kisebb sziikiiletet mutatott (Juhasz—Deme 2023). Ugyanezen vizsgalat
és korabbi eredmények tovabba az iddtartam tekintetében is alatdmasztottak azt, hogy a hiatustoltd [j]-varians
,».gyengébb és atmenetibb jellegii” (Siptar—Torkenczy 2000: 91): ez a beszédhang id6tartamaban is rovidebben
valdsult meg, mint a fonemikusan megjelend [j] (Gosy 2014, Juhasz—Deme 2022, 2023). A jelen kisérletben arra
keressiik a valaszt, hogy a hiatustolté és fonemikus [j]-variansok kdzott korabban megmutatott akusztikai eltérések
valodi, jelentéssel bird szavak esetében is megjelennek-e.

A kisérletben 15 magyar anyanyelvii felnétt néi beszéld produkcidjat vizsgaljuk akusztikailag. (A nem
kontrollalasara azért volt sziikség, hogy elminimaljuk a férfiak és a nék testméretbeli kiilonbségeibdl fakado,
akusztikai eltéréseket okozd hatdsokat.) A vizsgalt vokalikus /in/ és /ijo/ célszekvencidkat szotagszamukban,
illetve a kozvetlen hangkornyezetet illetden is megegyez6 kontextusban elemezziik 1étez6 szavakban, de ugy, hogy
a kérdéses szavak a teljes szdalakra nézve nem képeznek minimalis part (pl. szoknia vs. zoknija). Ennek
megfelelden a beszélok a hangsorok produkcidja soran vélhetden nem voltak eléfeszitve arra, hogy a szavak
kozotti, a [j] megvaldsulasaban tetten érhetd kiilonbségeket kihangstlyozzak, illetve felerdsitsék. A célszavakat
rovid mondatokba agyaztuk, amely megegyezett minden vizsgalt sz6 esetében (Legyen <célsz6>.). Az elemzés
soran egyfel6l 6sszehasonlitjuk a fonemikus és hiatusttoltd [j]-t tartalmazo szavak vokalikus szekvencidinak (/ijo/
és /in/) idétartamat, masfeldl pedig dsszevetjiik a nyelvallasfokkal forditott aranyban allé F; frekvenciaértékének
1doi lefutasat. Ez utobbihoz az F; értékét 5 ms-onként nyerjiik ki az /in/ és /ij/ vokalikus szakaszokon beliil a
Praat szoftver segitségével (Boersma—Weenink 2020), és az igy létrejové Fi-gorbéket GAM-modellekkel
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hasonlitjuk dssze az R programban (R Core Team 2020). A vokalikus szakaszok idtartamat kevert modellekkel
vetjiik Ossze.

A korabbi, alszavas kisérletekbdl szarmazoé eredmények alapjan a jelen kisérlet eredményeit illetéen azt varjuk,
hogy a két vizsgalt [j]-varianst tartalmazo vokalikus szakasz elkiiloniil egymastél mind idétartamaban, mind az F,
menetét illetden. Egyfeldl a fonemikus [j]-t tartalmazo /ijo/ hangsor hosszabb idétartamu, mint a hiatustoltéssel
megvalosuld /in/ hangsor. Masfeldl az /ijo/ esetében az /i/ és az /p/ kdzotti tranzicid alacsonyabb Fi-értékekkel
(tehat magasabb nyelvallassal) valosul meg, mint a hiatustdlté [j]-vel realizalodo /in/ szekvencia esetében. A
kisérlet eredményei hozzajarulhatnak a hiatustdltés folyamatanak mélyebb megértéséhez, valamint bévitik az
ismereteinket arrol, hogy a beszéd vélt fonologiai (mogodttes) reprezentacidja miként hat a beszédhangok
megvaldsitasara, illetve hogyan fligg 0ssze azzal.
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BESZEDLEIRATOK LEXIKAI VIZSGALATA ES AZ EREDMENYEK
FELHASZNALHATOSAGA A BESZELOAZONOSITAS MUVELETEBEN

Fo6z6 Eszter
NBSZ Szakértoi Intézet
fozo.eszter@nbsz.gov.hu

Ha egy blniigyben a szakkérdés annak megallapitasara iranyul, hogy a kérdéses
hangfelvétel(ek)en és a — hangtechnikai szakértd altal rogzitett — hangmintan ugyanannak a
személynek a hangja hallhato-e, a nyomozohatdsag igazsagiigyi hangtechnikai szakértoi
vizsgalat elvégzését rendeli el. A szakértd a beszédhang elemzésével és dsszehasonlitasaval
elvégzi a személyazonossag megallapitasat, azaz a beszéldazonositast.

Vannak azonban olyan esetek, amikor az akusztikai-fonetikai és/vagy a biometrikus azonositas
nem végezhetd el, példaul mert a kérdéses hangfelvétel tisztitds utdn is zajos; a kérdéses
hangfelvételen a besz¢éld szandékosan torzitja a hangjat; a kérdéses hangfelvétel tul rovid
(Gold—French 2019); a hangrogzité eszkoz tavol van a célszemélytdl, igy a beszéd érthetd, de
a felvétel az akusztikai-fonetikai mérésekhez nem megfeleld mindségii, vagy felmeriil annak a
lehet6sége, hogy a hangfelvételen hallhatd beszéd DeepFake technologiaval késziilt. 1lyenkor
van ¢érthetd és értelmezhetd beszédproduktum beszédleirat form4jaban, melyet a nyelvész
szakértd szovegnyelvészeti moddszerekkel — elsOsorban stilisztikai, morfoldgiai, lexikai,
szemantikai és pragmatikai elemzésekkel — képes feldolgozni.

Annak érdekében, hogy a korabban felsorolt esetekben a nyelvész hatékonyan tudja tamogatni
a hangtechnikai szakértok feladatvégzését, a beszélt nyelv egyedi sajatossagait kutatjuk. A
vizsgalatok soran a kovetkez6é kérdésekre kerestiik a valaszt: amennyiben a beszédrogzités
feltételei valtozatlanok (ugyanaz a beszédhelyzet, ugyanaz a beszédfeladat, esetenként ugyanaz
a beszédtéma is), valtoznak-e az id6 mulasaval ugyanazon személynél a beszélt nyelvi
OsszetevOk (szo- €s szOkapcsolat-haszndlata, szofordulatai), és ha igen, milyen mértékben?
Vajon, ha hosszu id6 — pl. 10 év — telik el a kérdéses hangfelvétel és a hangminta rogzitési ideje
kozott, megfigyelheték-e a nyelvhasznalatban olyan idiolektalis jellemzok, melyeket a
beszélbazonositas miivelete soran nyelvi bizonyitékként fel lehet hasznalni?

A jelen kutatasban 36 kiilonboz6 beszéld (18 férfi, 18 nd) beszédsajatossagait elemeztiik,
kiilonds tekintettel szo- és szokapcsolat-elé6fordulasokra (diskurzusjeldlok, funkcidszavak stb.),
az el6fordulasok relativ gyakorisagara (el6fordulasok szdma a szdszdmhoz viszonyitva),
évvel késébb rogzitett Longitudinalis (Graczi et al. 2020) adatbazis spontan ¢és félspontan
beszédfeladataibol (interju, tarsalgas, vélemény) allitottuk Ossze. Arra torekedtiink, hogy a
korpusz ne pusztan a nemek, hanem egyéb csoportjegyek vonatkozasaban is kiegyensulyozott
legyen, hiszen a profiljegyek tekintetében a lehetd legkevesebb valtozot hordozo korpuszon
vizsgalhatok legjobban a csoportjegyek, emellett a csoportjegyektdl eltérd egyedi
nyelvhaszndlati jegyek is jobban detektalhatok. Az elsé (BEA-S) felvétel idején a férfi beszélok
100%-a, a ndi besz¢élok 94%-a a kriminalisztikai szempontbdl relevans életkori csoportba esik
(Tatar 2013, Skarnitzl-Vankova 2017), tehat fiatalok vagy kozépkoruak; a férfi beszélok 44%-
a alap- vagy kozépfoku, 56%-a fels6foku iskolai végzettségii, a néi beszéldknél ez az arany 50-
50%.
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Az egyes beszédfeladatok hanganyagait gépi beszédleiratozoval jegyeztik le, majd kézzel
ellendriztiik. A szokészlet vizsgalatat a kovetkezOképpen végeztik: meghataroztuk a
besz¢lokhoz tartozd 3-3 beszédfeladat egyiittes szdszamat, €s ehhez képest néztikk meg a
széeléforduldsok gyakorisagat (relativ el6fordulas), hiszen a beszéd (szoveg) hossza jelentésen
befolyasolja az egyes lexikalis elemek el6fordulasi példanyszamat. Emellett az abszolut
eléfordulasokat is figyeltiink, hiszen példaul a diskurzusjeloléket elemz6 szakirodalomra
inkabb ez a megfigyelési modszer jellemz6 (Dér—Marké 2010, Schirm 2018). A teljes korpusz
215654 token (28385 sz0). A vizsgalatok soran a teljes korpusz 500 leggyakoribb szavanak
el6fordulasaira koncentraltunk, azok kozil is elsésorban az indulat-, modosito- és
hataroz6szokra, a kapcsolddasaikra €s esetenként a pozicidjukra.

Példanak okaért a 426. helyen allo ugymond diskurzusjelold eléfordulasi adatai is szolgalhatnak
informacioval. A BEA-s anyagban osszesen 14, a Longitudinalis anyagban 28 db talalhato
beldle, a 36 beszélo kozil 16-nal fordul eld legalabb egyszer vagy a BEA-s, vagy a
Longitudinalis korpuszrészben (a korpusz beszéldinek 44%-a), am minddssze 6 beszél6nél van
az ugymond-ra adat mindkét alkorpuszban (a korpusz besz¢ldinek 16,6%-a). A 16 beszé€l6 koziil
11-nél a Longitudinalis szoveghalmazban fordul elé az ugymond tobbszor (a hasznaldok
68,75%-a); azon 6 besz¢lonél, akiknél mind a BEA-s, mind a Longitudinalis alkorpuszban volt
talalat az ugymond szora, 5-nél fordul el6 tobbszor a Longitudinalis anyagban (83,3%), tehat
ezeknél a beszEéloknél van életkori vonatkozasa az ugymond hasznalatanak. Az ugymond-ot
hasznalo 16 beszél6 koziil 9 férfi, vagyis valamivel jobban jellemzi a korpuszban 1év6 férfiak
nyelvhasznalatat (a 6 konzekvens hasznald koziil 5 férfi). Mind a kdzép-, mind a felséfoku
iskolai végzettségii beszéloknél eléfordul, a magasan iskolazottaknal valamivel gyakrabban
(56,25%). A korpusz besz¢léinek 80,5%-a kovetkezetes az tigymond hasznalatat illetéen (vagy
nem hasznalja egyaltalan, vagy kozel azonos el6forduldssal hasznélja): az egyes beszélokhoz
tartoz6 BEA-s és Longitudinalis anyagokban az uigymond eléfordulasi szamadatok kiilonbsége
0 vagy 1. Mivel egy ritka el6fordulasu lexikai elemrél van szo, a relativ gyakorisagi értékek
nagyon alacsonyak (0,000162-0,002345). Annyi megallapithato, hogy az ugymond szot 10 év
tavlatadban is visszatérden hasznalo 6 beszélénél a BEA-s és Longitudinalis relativ gyakorisagi
mutatok kozott alacsony a differencia (0,000258 és 0,00139 kozotti), igy a korabbi eléfordulasi
szamadatra vonatkoz6 megallapitast a relativ gyakorisagi értékek is alatamasztjak.
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AUTOMATIKUS BESZELOPROFIL KESZITESE — AZ ELETKOR
MEGHATAROZASA

Tatar Zoltan
NBSZ Szakértoi Intézet
tatar.zoltan@nbsz.gov.hu

Bilinligyi nyomozas soran egy kérdéses hangfelvételen beszéld ismeretlen személyrdl késziilt
profil segiti a nyomozoéhatdsagot. A kriminalisztikai beszélOprofilt az igazsagiigyi
hangtechnikai szakértok készitik percepcios ¢s fonetikai paraméterek szamitdgépes
elemzésével. Eziranyu kutatdsok kimutattdk, hogy a legpontosabban a beszéld nemét és
¢letkorat lehet meghatarozni, az egyéb jellemzok — pl. testalkat, magassag — joval nagyobb
hibaarannyal allapithatok meg (Gocsal, 1998, Gosy, 2001).

A beszéldazonositas teriiletén az elmult két évtizedben kialakult a szakmai igény a biometrikus
azonositas alkalmazéasara. Ennek elénye a gyorsasag és az objektivitas, ugyanis két besz¢ld
Osszehasonlitdsa gyorsabban elvégezhetd, mint a fonetikai alapi Osszehasonlitas, illetve a
hasonlosag a valdszintiségi aranyszammal (Likelihood Ratio) leirhato. Egyes beszéldazonositd
alkalmazasok mar képesek automatikusan nem, életkor és egyéb jellemzok meghatarozasara is

Jelen kutatdsomban a Vocalise nevli beszéldazonositd szoftver beszéldprofil-készitd
képességeit, azon beliil kifejezetten az ¢életkor-meghatarozd képességét vizsgadlom. Ez a
rendszer nem kinal automatikus lehetdséget erre, vagyis egy ismeretlen besz¢ld életkorat nem
allapitja meg egy gombnyomasra. A kérdéses személyeket 6sszehasonlitom az adatbazisunkban
szereplé minden egyes beszéldvel (kérdéses beszélo—adatbazis 1. beszEld, kérdéses beszélo—
adatbazis 2. besz€ld, ...), és a szoftver minden par esetében ad egy hasonlosagi értéket, amely
minél nagyobb, annal hasonlobb a két besz¢él6 hangja. Hipotézisem szerint a magas hasonlosagi
értéket kapott beszelok életkora is hasonlo lesz.

A vizsgalatokhoz a BEA adatbézist (Neuberger et al., 2014), a Longitudinalis beszédkorpuszt
(Gréczi et al., 2020) és az NBSZ kutatasi céllal készitett hangfelvételeit hasznidlom fel. Az 530
besz¢€16tdl szarmazo 6sszesen 1102 spontan beszédet tartalmazo hanganyag az alabbi eloszlast
mutatja: BEA: férfi: 123, nd: 128; Longi: férfi: 14, n6: 11; NBSZ: férfi: 402, nd: 424.

Az ¢életkor meghatdrozdsa minden vizsgalati mddszer esetében tiirési hibahatar mentén
miikodik. A célom, hogy a vizsgalatokkal a gyakorlatban is alkalmazhaté mddszert dolgozzak
Ki. A valo ¢letben egy nyomozonak az is segitség, ha a rendszer megmondja, hogy egy 30 év
alatti vagy egy 50 év feletti személyt keressen, hiszen ennek a megallapitisa sem minden
esetben konnyli. A gyakorlati tapasztalatom alapjan a hipotézisem az, hogy az 5 évenkénti
¢letkor meghatarozas tul sziik intervallum, és nagy hibaarannyal miikodne egy ilyen rendszer.
Legalabb 10 éves korcsoportok alkalmazasa redlis cél lehet, vagyis az, hogy pl. négy (20—29,
30-39, 40-49, 50-65 éves) korcsoportba legyenek sorolhatok a beszélok.

A kutatast az NKFIH az FK128814-es ¢és az Eurdpai Unié az RRF-2.3.1-21-2022-00004
azonositoju, Mesterséges Intelligencia Nemzeti Laboratorium projekt keretében tamogatta.
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1. Bevezetés

A kriminalisztikaban a hangfelvétel alapjan torténd profilalkotast olyan esetekben lehet
alkalmazni, amikor rendelkezésre all hangfelvétel, de a feltételezett elkoveté még nem keriilt a
nyomozohatosag latokorébe. A beszédhangzds alapjan bizonyos jellegzetességek
megallapithatok. Ilyen, a szarmazasra vagy a lakhelyre utald beszédbeli jellegzetesség lehet a
beszEl6 nyelvjarasa (vo. pl. Tatar 2013, Tatar—\Varga—Fo6z6 2021).

A magyar nyelvjarasok elsdsorban a magdnhangzokészletiikben térnek el egymastol (Vargha
2022), ugyanakkor a maganhangzok variabilitasa artikulacids sajatossagaik miatt egy adott
nyelvjarason belill is igen nagy lehet. Robusztusabb hangtani mintidzatokat taldlhatunk a
massalhangzok fonoldgiai folyamataiban, és bar a magyar nyelvjarasok nem sok példat
szolgéaltatnak erre, a koznyelvitdl eltérd hasonulési folyamatok a gyakorlott elemz6 szdmara jo
tampontot adhatnak.

A nyelvjarastani szakirodalom széleskorlien dokumentdlja azt a jelenséget, hogy a v a
zOngésségi hasonulasban a koznyelvitdl eltéré moédon viselkedik (elsdsorban) a nyugati
nyelvjarasteriileten (Imre 1971; Fodor 2001; Juhasz 2001). Nemcsak a v hasonul zongésség
szerint (ahogyan a koznyelvben, pl. hivtdl [hi:fta:1]), hanem a Nyugat-Dunanttl északi részén
triggerként regressziven zongésiti az eldtte allo zongétlen massalhangzot (pl. otven [odven],
Vasvar [vpzva:r]; akar szohataron is, pl. ok volt [fog vuot]; vo. Fodor 2001). Emellett néhany
teriileten (Zala megye, a Hetés déli része és Baranya) az is megfigyelhetd, hogy ugyanezen
fonetikai helyzetekben (zongétlen obstruens + V) a v progressziv hasonulas targetje (pl. hatvan
[Aotfon], latva [la:tfb], ez azonban széhataron mar nem érvényesiil, vé. Imre 1971). Fodor
(2001) arra 1s kitér, hogy Vas megye déli és Zala északi részén lexéman beliil a két jelenség
akar ugyanannak a beszélonek a beszédében szabadon valtakozva is eléfordul, amire a Magyar
dialektologia béi szovegmintijaban is talalunk példat (Juhasz 2001: 269); de akar egyazon
szbalakbeli valtakozas is megfigyelhet6 (pl. hatvan [indvon] vagy [fAotfon]).

A szakirodalomban vita targyat képezi, hogy a zongésitd v-hez hasonléan a nazalisok is
zOngésitik-e az 6ket megel6z6 zongétlen obstruenst. Kiss Jend (2001) szerint ez a feltételezés
tévedeés, ugyanakkor tobb szerzd (pl. Fehér 2009; Kis 2016; Barth 2022) tényként kezeli a
nazalis eldtti obstruens zongésiilését a nyugati nyelvjarasteriileten — ha nem is tartjak olyan
gyakorinak, mint a v elétt (pl. sdt nem [fa:d nem], kismiska [kizmifko]).

A jelen kutatas arra irdnyul, hogy a zongésségi hasonuldsnak a koznyelvitdl eltéré hangtani
mintdzatai segitik-e a besz€éld nyelvjarasanak a megallapitdsat, ezzel hozzdjarulva a
profilalkotashoz. Ehhez azt vizsgaljuk meg, hogy milyen mintdzatok és milyen gyakorisdggal
jelennek meg egy adott beszéld esetében.

2. Anyag és modszer

A kutatasban egy, a nyugati nyelvjarasteriiletrél szarmazo, €és a koznyelvitdl eltéré hasonulasi
mintdzatot jol észlelhetben mutatd kozépkorti férfi hangfelvételein vizsgaljuk az érintett
massalhangzo-kapcsolatokat. Az adatk6zlé gyori sziiletést, de kétéves koratol 18 éves koraig
Celldomolkon élt, ezt kdvetden koltdzott Budapestre, ahol azota is él. A sziilei mindketten
celldomolki sziiletéstiek, €s a régioban (pl. Papa, Szombathely) nevelkedtek, és €lnek azota is.
Az eddigi elemzések valamivel tobb mint 11 percnyi hanganyagon késziiltek (a sziineteket nem
szamitva), melynek a nagyobb része spontan megnyilatkozas (811 sz06), mig kisebb része (664
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sz0) olvasott szoveg. Mind a felolvasott, mind a spontan szévegben szerepelnek ismétl6do
szavak, szerkezetek.

A studidban rogzitett hangfelvételt a Praat segitségével annotaltuk széveg- és szdszinten,
valamint cimkéztilk a fonémakapcsolatokat és a beszédhangrealizaciokat is. A fent emlitett
tipusokon (zongétlen obstruens + Vv, zongétlen obstruens + nazalis) tul vizsgaljuk a zongétlen
obstruens + | kapcsolatokat is (mivel a magyar koznyelvben is megfigyelhetd bizonyos
esetekben az | zOngésité hatasa, erre a leggyakrabban idézett példak a hdémérséklet
[Ag:me:rfe:glet] és a bicikli [bisigli]). Referenciaként a koznyelvi zongésségi hasonulas
prototipikus példait is elemezziik: zongésségiikben eltérd obstruensek barmilyen sorrendi
kapcsolatait (kivéve azokat az eseteket, amelyeknek a kimenete Osszeolvadas, pl. egyszer
[ets:er]). Nem vessziik szamitasba azokat a szohataron 1évé massalhangzo-kapcsolatokat,
amelyek hataran sziinet észlelhetd.

Els6 kozelitésben a tipusok gyakorisagat és a konkrét massalhangzo-kapcsolatok realizécios
jellemzoit elemezziik, kiilonds tekintettel ezek variabilitasara (az egyes szavak-szerkezetek
ismétlodése lehetévé teszi egyazon fonémakapcsolat variabilitasanak elemzését). A
zOngésség/zongétlenség megallapitasanak tampontja az oszcillogram és a spektrogram
akusztikai elemzése volt, a kérdéses esetekben a Praat alapbeallitasai mellett a Voice Report
Voicing: Fraction of locally unvoiced frames funkciojat hasznaltuk. Amennyiben a zongétlen
periddusok aranya meghaladta a 60%-ot, a beszédhangot zongétlenként soroltuk be;
amennyiben nem érte el a 40%-ot, a beszédhangot zongésnek mindsitettiik; a két érték kozott
pedig félzongés (media) besorolast kapott a beszédhang.

3. Eredmények

Az eddig megvizsgalt 193 kételemli fonémakapcsolat koziil 56 zongétlen obstruens + zongés
obstruens; 67 zongés obstruens + zongétlen obstruens; 70 zongétlen obstruens + szonorans. A
szonoransok koziil 37 nazalis (22 m és 15 n); 111 és 22 v.

Az 1. abran az obstruenskapcsolatok realizaciotipusait latjuk, ahol megfigyelhetd, hogy (a
vizsgalt anyagban) eltérd a standard és nemstandard realizdciok ardnya attdl fliggden, hogy
zOngésitésrol vagy zongétlenitésrdl van szo.

Czongés Czongétlen 47 13

0% 20% 40% 60% 80% 100%

mstandard ®mnem hasonul mtorlés = progressziv M media
1. abra A4 kételemii obstruenskapcsolatok realizaciotipusainak megoszldsa

A 2. dbran az obstruens + szonorans kapcsolatok realizacidtipusai kapcsan lathatd, hogy az |
egyetlen esetben sem zongésitette az eldtte allo obstruenst, a nazalis kismértékben, a v azonban
tulnyomorészt. A v harom esetben volt progressziv zongétlenités targetje. Az atipikus
eléfordulasok kozott olyan példak szerepeltek, amelyekben progressziv hasonulés targetjeként
a nazalis valt zongétlenné (ezt a lehetdséget nem emliti szakirodalom), vagy pedig (a v
esetében) a progressziv zOngétlenitést a trigger zongétlen obstruens zongéssé (sot
aproximanssa) valasa kisérte.
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Czongétlen N 31 1
Czongétlen v
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mstandard mtorlés W progressziv ™ zOngésitd szonorans M atipikus
2. abra Az obstruens + szonorans kapcsolatok realizaciotipusainak megoszlasa

Az ismétlodé lexémakban és szokapcsolatokban megfigyelhetd hasonulasi mintazatok
variabilitasa — a szakirodalommal egyez6en — nagymértékii. Az obstruens + szonorans
kapcsolatokban (egyel6re) nem talaltunk arra példat, hogy ugyanazon szoban egyszer regressziv
zOngésités, maskor progressziv zongétlenités fordulna eld, de a tobbszor tobbféle lexémaban
vagy lexémahataron el6fordulo k(#)v és t(#)v kapcsolatok mindkét modon megjelentek.

4. Kovetkeztetések

Mivel a vizsgalat esettanulmany (mindossze egy besz€ld hangfelvételeit volt mod elemezni),
nem tudunk vdalaszt adni arra a kérdésre, hogy mennyiben altalanosithatok az eredmények, és
mennyiben egyéni ejtési jellemzok. Elképelhetd, hogy a ritka (kivételes) ejtésvaltozatok az
adott besz¢€ld esetében is csak egyszeri eléfordulastiak voltak. Az igazsagligyi hangtechnikai
szakértésben ugyanakkor gyakran éppen az egyéni sajatossagok vezethetnek eredményre.

A vizsgélat folytatasanak sziikségességét masrészrdl indokolja, hogy a magyar dialektologiai
hangtani leirasok alig épitenek akusztikai adatokra, s6t az irodalom egy részének megallapitasai
nem hangfelvételeken, hanem egyszeri hallas alapjan torténd lejegyzéseken alapulnak.
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