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Abstract 
 
Articulatory studies performed in Hungary date back to the sixties, when different methods were applied 
for the description of the segment inventory of Hungarian and various other languages (e.g. Russian, 
German, English, Polish). Palato- and linguography, labiography, and X-ray were used in the analyses 
of both typical and atypical speech. However, coarticulation, which requires dynamic methods, was not 
analysed until recently, when the suitable tools and methods, electromagnetic articulography, ultrasound 
tongue imaging and electroglottography became also available in Hungary. The paper presents an 
overview of the main issues of articulatory studies on Hungarian in the past and the present. It summa-
rizes the main findings from some studies on gemination and degemination, transparent vowels, pho-
natory characteristics of emotion, and gives a couple of examples of possible and future applications. 
 
Keywords: articulatory studies, applications, Hungarian, overview 
 
 
1. Introduction 
Speech researchers have been studying articulation (the co-ordinated movements of the 
speech organs) and the acoustic features of speech since the 1700s (Kempelen 1791/1989). 
Special equipment is needed to examine the movements of the articulators (vocal folds, 
tongue, lips) as most of these structures cannot be seen during the production of speech. As the 
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study of articulation requires complex instrumentation and all articulation-focused measurement 
methods modify speech production to some extent, the question arises as to why articulation 
should be examined at all. As opposed to articulation, the acoustic signal is readily observable 
and analysable, and the acoustic analysis of speech does not introduce any major measure-
ment-related artefacts to the data. Furthermore, the tools of acoustic analysis are easily available 
and are relatively inexpensive. For the necessity of articulatory research, the Quantal Theory 
provides an explanation (Stevens 1989). According to the Quantal Theory of speech production 
and perception, articulatory gestures have acoustic consequences; however, the magnitude of 
articulator displacement is not proportional to the magnitude of change observable in the 
acoustic signal, as the relationship between articulation and its acoustic consequences is not 
linear. It follows that a minor change in articulation might result in a significant change in the 
acoustic output if it takes place in the so-called critical region and vice versa, major differences 
in articulation might not induce any differences in the acoustic signal. The adjective quantal 
refers to this non-linear relationship (Stevens 1989). The importance of the study of articula-
tion is further highlighted by the fact that although certain acoustic parameters highly correlate 
with articulation, the acoustic parameters cannot be identified with specific articulatory 
movements in a one-to-one manner. It is commonly known that although the first formant (the 
first resonance) of the vocal tract is primarily influenced by the vertical position of the tongue, 
it is also modified by the displacement of the jaw which is, to some extent, independent of 
tongue position. Similarly, although the second formant is primarily determined by the hori-
zontal position of the tongue, it is also influenced by the movements (especially rounding) of 
the lips (Stevens 1998). As a corollary to this, articulatory movements cannot be reconstructed 
solely on the basis of acoustic characteristics of the speech signal. 

In Hungary, the creation of the MTA–ELTE Lendület Lingual Articulation Research 

Group (2016) arguably marks the beginning of a new era of research into articulation (and 
coarticulation). The establishment of new technical conditions opened up pathways of re-
search that had formerly been impossible. The present study gives an overview of the back-
ground of research into articulation in Hungary and presents the tools and methods that can 
transform these investigations. We give an insight into the most important research carried out 
with these innovative technologies on the articulation of Hungarian adults.  
 
2. Articulatory studies in Hungary – before 2000 
Articulatory investigations in Hungarian that are based on dynamic data instead of static images 
are scarce. The X-ray film technology (the so-called cineradiographic examination) was used 
by János Lotz in the 1960s (1966, 1967), Tamás Szende in the 1970s (1974) and Kálmán Bolla 
in the 1980s (1981b, 1981c) to study articulation characteristics of the Hungarian speech. Bol-
la analysed all the Hungarian vowels and consonants in his study. Five images of each speech 
sound were transmitted from the X-ray films to a computer and the computerized drawings 
were then phonetically analysed. In his studies, all the articulatory configurations were pre-
sented in drawings and the sizes of the vocal tracts were shown in tables. These data do not 
only help understand the mechanisms of Hungarian speech production and describe the basis 
of articulation but could also be used for a modern, articulation-based speech synthesizer. Bolla 
and his colleagues later gave a detailed description of the equipment used to make radiograms 
and the methodology applied to make the recordings (1986). According to this, the microcomput-
er technology was designed to embrace interlingual phonetic comparison. Bolla also experi-
mented with the study of the lips (photolabiogram), the palate (palatogram) and the tongue (lin-
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guogram). He did not only carry out articulatory research on Hungarian pronunciation (e.g. 1980, 
1995), but also on other languages (Russian: 1981a; American English: 1981d; Finnish: 1985; 
German [with László Valaczkai]: 1986; Polish [with Éva Földi]: 1987). 

Of the methods mentioned above, the X-ray technology is now considered to be obsolete. 
The most important reason for this is of ethical nature – in the modern scientific view, even 
voluntary exposure to harmful radiation for scientific purposes is regarded as improper. Fur-
thermore, the use of X-ray machines requires special circumstances. 
 
3. Articulatory studies with respect to Hungarian – the 2000’s 
Following the experiments in the 1980s, Hungarian articulation was not researched for a long 
time. As the necessary equipment was not available in Hungary, some sporadic investigations 
were conducted in foreign laboratories. 

Beňuš and Gafos (2007) studied Hungarian vowel harmony with electromagnetic articu-
lography and ultrasound tongue imaging, more specifically the phenomenon of transparent 
vowels (vowels that are neutral from the perspective of vowel harmony) /i iː ε eː/ not transmitting 
their quality to the vowel in the suffix. The authors explained the transparency of these vowels 
with their coarticulatory characteristics. Three participants were involved in the research and an 
ultrasound image was made of one of them. In the research material (target sentences), there 
were monosyllabic harmonic (e.g. hír ‘a piece of news’ – hírek ‘news’) and non-harmonic (e.g. 
ír ‘s/he writes’ – írnak ‘they write’) words and trisyllabic suffixed words, in which the final 

vowels of the stems were transparent (e.g. bilivel ‘with potty’ vs. bulival ‘with party’). The re-

sults showed a link between vowel harmony and articulatory characteristics as the tongue took a 
more retracted position during the pronunciation of non-harmonic stems than with harmonic 
stems. However, based on acoustic measurements, Blaho and Szeredi (2013) questioned the 
relevance of these results because they did not find any similar connection in the acoustic data. 
As a consequence, further research is needed in order to answer the question whether phonetic 
characteristics can account for the morpho-phonological behaviour of these vowels. 

In 2008, Mády used electromagnetic articulography to examine Hungarian vowels in the 
normal and fast speech of two speakers. This research aimed at showing whether the articula-
tory characteristics (tongue displacement and jaw openness) are distinct in the case of phono-
logically short and long vowels pronounced in two different situations (normal and slow 
speech tempo). Mády reported a stronger coarticulatory effect during the pronunciation of 

short vowels, which is congruent with the results of research on German fortis (tense) and 
lenis (lax) vowels (Hoole–Nguyen 1999).  

Recent investigations into Hungarian vowels were also conducted with electromagnetic ar-
ticulography. Deme et al. (2016) examined the pronunciation of vowels sung at high fundamental 
frequency by a soprano singer. The focus of the investigation was on the mechanisms of the 
tongue and the jaw during the pronunciation of all the standard Hungarian vowels. The research 
was inspired by the results (primarily gained from acoustic and perceptual measurements) 
which showed that vowels in singing at a high fundamental frequency are distinct from their reali-
zations in normal speech. The aim of the research was to record the articulatory mechanisms that 
underlie this phenomenon. According to the results of the EMA-analysis, the singer systemati-
cally changed the position of the tongue and the jaw (increased the angle of jaw openness and 
lowered the vertical tongue position) as the fundamental frequency of singing reached and then 
exceeded the F1-value of vowels pronounced in normal speech. However, the lowering of the 
back of the tongue could already be observed below these critical frequencies. In addition, it 
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was found that below 988 Hz the singer achieved F1 : f0 tuning by the unique combination of 
tongue and jaw movements specific to the intended vowel qualities, at 988 Hz the tuning was 
achieved by jaw opening and resulted in a uniform tongue and jaw position across all vowels. 

In a subsequent study, Deme et al. (2017) analysed the vowels pronounced by three Hun-
garian and three German soprano singers at a high fundamental frequency. In their research, 
they compared all the standard Hungarian and German vowel qualities and used the same 
method for the recording of data as in the previous research. According to the data, the verti-
cal tongue position lowered in each singer with raising of the f0. The tongue position and the 
openness of the jaw systematically changed as the f0 reached and then exceeded the F1-value 
of vowels in speech. The strategies of F1 : f0 tuning were the following. (i) In the case of low 
f0, the lowering of the vertical tongue position was observed during the production of close 
vowels. (ii) In the case of high f0, especially at fundamental frequencies fˮ (698 Hz) and hˮ 

(988 Hz), the increase of jaw opening was observed during the production of more open vowels. 
(iii) This was, however, also accompanied by the lowering of the tongue. In addition, significant 
individual differences were recorded among the Hungarian and German participants regarding 
the retainment of articulatory differentiation of vowels. By contrasting the results of Hungarian 
and German singers, we concluded that there is no or only marginal dependence between the 
articulatory strategies of soprano opera singers to raise the f0 and the mother tongue of the singer, 
if the vowel systems of the languages we compare, have only minor differences. 
 
4. Recent articulatory studies with respect to Hungarian  
The MTA–ELTE Lendület Lingual Articulation Research Group was founded in 2016. Its 
primary goal is to investigate coarticulation in Hungarian speech with articulatory devices. 
The following methods are available in our laboratory: 
 

(i) electromagnetic midsagittal articulometry (EMA), which is suitable for imaging a 
limited number of flesh-points; 

(ii) ultrasound tongue imaging (UTI), which gives information of the midsagittal view of 
the global tongue surface; 

(iii) electroglottography or laryngography (EGG), which is used for the measurement of 
the degree of contact between the vibrating vocal folds during voice production. 

 
Without being exhaustive, research topics so far have been analysed are the following: the 
effect of prominence on coarticulation patterns (Markó et al. 2019b) and in relation to this, 
glottal marking on word and utterance-initial vowels (Markó et al. 2019a); articulatory timing 

of singleton, geminate and degeminated consonants and singleton consonants in clusters 
(Deme et al. 2019); voicing and tongue shapes in Hungarian singleton and geminate obstruents 
(Percival et al. 2020); phonation changes during emotion-inducing events (Bartók 2019); ar-
ticulatory behaviour of the vowels of antiharmonic stems from the perspective of the horizontal 
position of the tongue (Markó et al. 2019c, d). In the present review we summarize the main 

findings of some of these studies with respect to articulation. Both a more detailed description of 
the above mentioned methods and exact measurement data (mean values, standard deviations, 
results of statistical analysis, and the presentation of the findings in figures) are presented in 
the papers referred to. Most of these papers are available online, and can be found on the re-
search group's website: http://lingart.elte.hu/en/publikaciok/. 
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4.1. Articulatory organization of geminates in Hungarian 

Hungarian expresses semantic differences by using contrastive consonant phoneme length, 
see e.g. ép ‘healthy’ ~ épp ‘right now’. In theoretical works, duration is considered to be the 

main acoustic cue that makes the singleton-geminate phonological contrast in consonants. It is 
also traditionally assumed that geminates do not occur flanked by another consonant on either 
side, and that in these positions, geminates surface as short. This process is called degemina-
tion (Siptár–Törkenczy 2007). 

On the basis of acoustic data, pervious research concluded that in line with other languages 
that exhibit the contrast, it is indeed durational properties, especially closure duration, that are 
the most important correlates of the singleton-geminate opposition in Hungarian stops (Neu-
berger 2015; Olaszy 2006; Pycha 2009, 2010). Siptár and Gráczi (2014) analysed some frica-

tive and stop geminates in degemination cases, flanked by varying consonants. The authors 
concluded that among degeminated and singleton /t/ and /p/ realisations, singletons (in C1C2, 
either as C1 or C2) were the longest, followed by degeminated geminates (flanked by a C2 on 
one side), and singletons in C1C2C3 sequences (as C2 consonants). 

In a study (Deme et al. 2019) we analysed several acoustic and articulatory features of single-
ton, geminate, and degeminated (voiceless) stops in Hungarian, to examine if (i) degemination 
neutralizes the singleton-geminate opposition in the acoustic and articulatory domain, (ii) single-
tons in C1C2 clusters, and geminates in degeminating C1C1C2 positions differ in the extent of 
articulatory overlap they exhibit with a following heterorganic consonant, and (iii) slower 
tongue rise and longer preceding vowel duration is observable in geminates (compared to 
singletons), and if they are independent. For the articulatory analysis electromagnetic articu-
lography was applied. 

Consonant duration and total consonant cluster duration as measured in the acoustic signal, 
and the duration of the gestural plateau detected in the articulatory signal unanimously 
showed that degemination does not reduce stops to intervocalic singletons, but rather to singletons 
that are flanked by another stop consonant (i.e., singletons in two-term clusters). Articulatory 
data further suggests that degeminated stops and two-term clusters form an in-between cate-
gory between geminates and singletons. As far as the timing of the articulatory gestures, more 
specifically, the articulatory overlap of gestural plateaus is concerned, we found that two-term 
clusters and degeminated stops differed only in lingual-labial (/pt/ ≠ /ppt/), but not in labial-
lingual (/tp/ ≈ /ttp/) clusters, that is, degemination reduced geminates to singletons in C-
clusters dependently of the place of articulation of the stops. Further, our results supported the 
findings of Fujimoto et al. (2015) showing that a preceding vowel does not show shortening 
(as one might expect) but lengthening before geminates. However, we also found the same 
trend for simple C1C2 clusters. Moreover, we found a similarly slow tongue rise for both gem-
inates and singletons in two-term clusters, which suggests that in some aspects, the phonetic 
implementation of geminate stops resembles that of two-term stop clusters. And finally, we 
found a strong correlation of tongue rise and preceding vowel duration, suggesting that pre-
ceding vowel duration may very well be considered a mere side effect of slower tongue 
movement in geminates and two-term clusters. 

Even though Hungarian exhibits voiced geminates in a distinctive function, like in megy 
‘go S3’ vs. meggy ‘sour cherry’ this pattern is not very frequent even in this language. Among 

various languages, moreover, voiced geminates are rather uncommon because of the articula-
tory difficulty of synchronously maintained voicing and obstruction. Voicing, therefore, has 
been found to vary in geminates in some languages (e.g. in Tokyo Japanese by Kawahara 
2015). Although Hungarian acoustic research has found that voicing in singletons is variable 
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(e.g. Gráczi 2013), this effect in Hungarian geminates has not been studied so far. In a study 
(Percival et al. 2020) we used EGG and UTI to investigate articulatory correlates to voicing in 
geminate as opposed to singleton consonants in Hungarian. With the help of EGG, we inves-
tigated whether voiced geminate obstruents are fully voiced in Hungarian, partially devoiced, 
or variable. Ultrasound can give an answer to the question if tongue position differ across 
singleton and geminate obstruents in Hungarian. In previous studies, coronal geminates were 
found to be produced with greater lingual-palatal contact and a higher and flatter tongue in 
various languages including Japanese, Korean, Italian and Oromo (Kochetov–Kang 2017; 
Payne 2006; Percival et al. 2019), suggesting that in geminates the tongue more fully reaches 
its targeted place of articulation than in singletons. These findings associate gemination with 
fortition. 

We followed up on these studies by examining whether there is evidence for differences in 
lingual articulation in geminates compared to singletons in Hungarian. As previous studies 
concentrated on coronal stops, we additionally asked if similar patterns of tongue raising or 
fronting can be found for geminates at other places of articulation as this could indicate how 
closely the pattern is tied to gemination in general versus a tongue pull mechanism limited to 
coronals. Therefore, voiced and voiceless bilabial, alveolar and velar stops, and alveolar frica-
tives were involved both in singletons and geminates. We also examined the nature of the 
relationship between voicing and advanced tongue root, as previous research (e.g. Ahn 2018 
for English and Brasilian Portugese) has found advanced tongue root occurring with phono-
logical but not necessarily phonetic voiced consonants. 

We supposed that voiced obstruents are produced with advanced tongue root, an articulatory 
strategy which facilitates voicing. Given the articulatory difficulty in producing voiced gemi-
nates, we predicted partial or variable voicing in geminates and more use of advanced tongue 
root. However, EGG results did not show difference in voicing between singleton and geminate 
consonants. While voiceless consonants were generally voiceless, voiced consonants, both 
singletons and geminates, varied considerably in percent voicing. It seems that Hungarian 
geminates display variable behaviour similarly to what Gráczi (2013) found for singletons in 

her acoustic study, they do not seem to be consistently semi-devoiced, or fully voiced. 
As a function of voicing (based on phonological category: voiced and voiceless), ultrasound 

results did not differ, but some significant interactions with place of articulation and radius 
number in pharyngeal and velar regions were suggestive of advanced tongue root for many 
voiced obstruents. When phonetic voicing was included in addition to phonological voicing in 
the model, phonological voicing remained significant only in certain interactions, while percent 
voiced was a significant main effect. This is unexpected as it tentatively suggests that tongue 
root is better predicted by phonetic than phonological voicing in Hungarian, contrary to what 
Ahn (2018) found for devoiced stops in English. This may suggest that advanced tongue root is 
not automatically implemented as a strategy to enhance voicing in Hungarian. Follow-up re-
search is needed to investigate the robustness of this finding with further analysis methods, 
and to compare it with other languages with variable and semi-voiced geminates. 
 
4.2. Articulatory analysis of transparent vowel /iː/ in antiharmonic Hungarian stems 

Backness harmony in Hungarian is a highly productive process, and due to the exceptional 
behavior of so-called neutral or transparent vowels, it has been analysed extensively in the 
phonological literature (see e.g. Hayes et al. 2009). Hungarian vowel harmony is stem-
controlled, and operates in the left-to-right direction, i.e., the backness of the stem’s final 
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vowel assigns the backness of the suffix vowel. Most of the suffixes show front-back alternation 
in Hungarian, and suffix vowels receive their [± back] quality from the [± back] quality of the 
adjacent stem-final vowel (Siptár–Törkenczy 2007). 

In the phonological domain of the Hungarian vowel system harmonic and neutral vowels 
can be differentiated. Harmonic vowels can be classified as front, such as [y yː ø øː], and 

back, as [u uː o oː ɒ aː]. In the case of alternating suffixes and harmonic stem final vowels, 

backness harmony governs the quality of the suffix, without exception, e.g. ablak-ban 
/ɒblɒkbɒn/ ‘window-loc’, üst-ben /yʃtbɛn/ ‘cauldron-loc’. Neutral vowels are phonetically 
front unrounded [i iː eː ɛ], but from the phonological aspect they are neither front nor back, as 

they are transparent with respect to harmony. If the stem final vowel is neutral/transparent, the 
backness of the suffix vowel is governed by the last harmonic vowel within the stem, e.g. 
kastély-ban /kɒʃteːjbɒn/ ‘castle-loc’. 

The question thus arises whether a back or a front suffix is selected when the stem is 
monosyllabic, and its vowel is neutral/transparent. In Hungarian, both patterns can be ob-
served. We can find stems selecting front suffixes (harmonic stems), where the phonetically 
front unrounded vowels [i iː eː ɛ] behave as phonologically front ones, e.g. víz-ben /viːzbɛn/ 

‘water-loc’, kéz-ben /keːzbɛn/ ‘hand-loc’. However, other monosyllabic stems with these 
vowels are followed by back suffixes (antiharmonic stems), e.g. sír-ban /ʃiːrbɒn/ ‘tomb-loc’, 

cél-ban /ʦeːlbɒn/ ‘target-loc’. 
In one of their experiments, Beňuš and Gafos (2007) analysed monosyllabic antiharmonic 

target words without any suffix but in carrier sentences. As the authors mentioned, they had 
tried to compile a set of stimuli in which the front- and back-selecting stems were comparable 
as much as possible, however, some of the surrounding consonants differed in their place of 
articulation, and these differences might have had an effect on the data. Therefore, in our 
study (Markó et al. 2019d), homophonous front-selecting (harmonic) and back-selecting (an-
tiharmonic) stems (nyír /ɲiːr/ ’birch’, ’trim’ and szív /siːv/ ’heart’, ’suck’) were chosen, and 

electromagnetic articulographic experiments were conducted in order to test the hypothesis 
that in the back-selecting stems, the tongue was more retracted during the articulation of /iː/ 

than in the front-selecting stems. The target words were analysed both in isolation (isolation 
setup), where neither a suffix nor a carrier sentence were applied, and in carrier sentences 
(sentence setup), where the target word was positioned at the beginning of the sentence, and 
was followed by a word containing (i) only front vowels (éppen /eːpːɛn/) or (ii) only back 

vowels (ugyan /uɟɒn/). The horizontal position of four receiver coils (one on the tongue tip, 

one on the tongue blade, and two on the tongue dorsum) were obtained at the temporal mid-
point of the target vowels. The results showed that neither the horizontal positions of the re-
ceivers nor the formant values varied as a function of the harmonicity of the stem in either the 
isolated or the coarticulated setup. 

Based on these results, the conclusions formulated by Beňuš and Gafos (2007) on the sub-
phonemic differences between the realizations of transparent vowels in front- and back-
selecting stems are to be handled with care. On the basis of our data obtained with a well-
controlled material, it seems reasonable to suggest that sub-phonemic differences (if they exist) 
cannot be traced back to (different) tongue positions associated with the transparent vowels’ 

realizations in front- (harmonic) and back-selecting (antiharmonic) stems. 
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4.3. Phonatory changes during emotion-inducing game events 
According to appraisal models of emotion (e.g. Ortony et al. 1990; Scherer 2001), behavioral 
and physiological reactions to affective stimuli are a result of cognitive appraisal of the stimuli. 
Appraisal is described by the Component Process Modell (CPM, Scherer 2001) as a process 
consisting of several subsequent Stimulus Evaluation Checks (SECs). The result of these steps 
of evaluation determines the emotional state and physiological reactions of the organism. 

In a study (Bartók 2019), two such SECs, goal conduciveness and discrepancy from expec-

tations were manipulated in a computer game, with the aim to describe their effect on vocal 
fold vibration. Speech was acquired during voice commands controlling the game, resulting in 
utterances that could capture the induced emotional effects right at the time they occurred. 
Hypotheses concerning these effects were formed based on the physiological changes predicted 
by the CPM for different results of these SECs and their possible effect on phonation, while 
also considering phonatory patterns observed in acted emotions, since such portrayals often 
build on representations of spontaneous emotional reactions. It was supposed that goal condu-
cive game events that are congruent with the subjects’ expectations lead to a more frequent 

occurrence of nonmodal phonation types, lower f0, lower H1-H2 for females and higher H1-
H2 for males relative to the subjects’ emotionally neutral speech. However, goal obstructive 
game events and events discrepant from the subjects’ expectations both were expected to lead 

to a less frequent occurrence of nonmodal phonation types, higher f0, and higher H1-H2 rela-
tive to the subjects’ emotionally neutral speech. 

Phonatory variation was quantified in two ways: we determined phonation type manually, 
after which acoustic measurements were carried out on the modal parts of the analysed vowels. 
The two acoustic measures taken were fundamental frequency (f0) and the difference between 
the first two harmonics (H1-H2). H1-H2 is a measure well-suited to describe the degree of 
glottal constriction (Keating–Esposito 2007) as it correlates highly with the Open Quotient 
(OQ) (Shue et al. 2010), i.e., the proportion of a glottal cycle in which the glottis is open 
(Holmberg et al. 1995). Higher values of H1-H2 would suggest a more breathy phonation, 
while low values indicate irregular phonation. 

Although no difference was shown in the frequency of phonation types between different 
results of the manipulated SECs, significant interaction effects of gender, discrepancy and 
conduciveness were found on the acoustic parameters measured on the modal parts of the 
voice commands. This could mean that emotions induced in this highly controlled, laboratory 
setting lead to subtle phonatory changes. The interaction effects of the two manipulated SECs 
and gender for both acoustic measures indicate that emotional reactions can only be captured 
in female speech. This could be explained by differences in the degree of emotional reactivity 
and emotion regulation between genders. Apart from the lay belief that females tend to be 
more emotional (Grossman–Wood 1993), several studies using physiological measures of 
emotional arousal and attention suggest that females are more reactive to emotional stimuli 
than males (e.g. Bradley et al. 2001; Grossman–Wood 1993; Kemp et al. 2004). 

We found that for females, f0 is higher when facing game events that are discrepant from 
expectations, while congruent events lead to a decrease in f0. This effect is likely to be caused 
by increased muscle tension when facing unexpected, discrepant stimuli and decreased tension 
in case of expected events (Johnstone et al. 2001). The effect is stronger in case of relaxation 
at goal conducive events. 

We also found a lowering of H1-H2 values for discrepant, obstructive and congruent, con-
ducive events in the phonation of females. H1-H2 lowering indicates a shift from females’ 

habitually breathy phonation (Hanson–Chuang 1999) to a more modal one, as a result of the 
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predicted increase in overall muscle tension (Johnstone et al. 2001). In the case of conducive, 
congruent events, low H1-H2 together with the low f0 measured in this condition could mean 
that in this case, H1-H2 lowering does not simply indicate a more modal phonation, but rather 
a shift towards a more irregular phonation caused by relaxation, similarly to the frequent oc-
currence of irregular phonation when Hungarian females express contentment (Bartók 2018). 
 
5. Possible applications based on articulatory data 

Several applications might be proposed, and one of them has already started to be developed 
using speech data of Hungarian. Silent Speech Interfaces (SSI) are a revolutionary field of 
speech technologies, built on the main idea of recording soundless articulatory movements, 
and automatically generating speech from the movement information, while the original sub-
ject is not producing any sound (Denby et al. 2010). This research area has a large potential 
impact in a number of domains, including the development of communication aids for im-
paired people. Recently, novel methods have started to be developed for analysing and pro-
cessing articulation (especially the tongue and the lips) during human speech production. 

Our goals are to test and improve recognition-followed-by-synthesis and direct synthesis in 
the field of silent speech interfaces. For these, 2D ultrasound of the tongue and lip video are 
used to image the motion of the speaking organs. We use high-potential machine learning 
methods, including various deep neural network architectures. In order to achieve the above 
goals, we first recorded parallel speech and tongue-ultrasound data with multiple Hungarian 
speakers. Next, we performed articulatory analysis on that, modeled the articulatory-to-acoustic 
mapping in various ways, and are evaluating them in objective tests and subjective listening 
experiments. To fulfill the above goals, a multidisciplinary team was formed with expert senior 
researchers in speech synthesis, recognition, deep learning, and articulatory data acquisition 
(Csapó et al. 2018). 

SSIs are still in an experimental phase, but several fields of use are predicted by the literature 
(see e.g. Denby et al 2010) from laryngectomized patients to providing privacy for cellular 
telephone conversations. 

In speech therapy, articulatory devices can also be extensively used (see e.g. Cleland et al. 
2015; Preston et al. 2017), as they are able to visualize fine motor behaviour which is unseen 
with a help of a mirror or video recording. The technique which is used in these applications 
is biofeedback, which means that the therapists use a kind of electronic tool to monitor and 
amplify body functions that may be too subtle for being available at a conscious level. Electronic 
instruments (like UTI or EMA) detect bioelectric signals and supply the subject via sensory 
modalities (auditory, visual, tactile, or a combination thereof). On this basis, the subject might 
be able to gain control over these specific body functions (Davis–Drichta 1980). Up until 
now, Hungarian speech therapy has only used this biofeedback method by relying on the 
acoustic domain of speech, with transformation of the acoustic signal to a visual output for 
patients with hearing impairment, e.g. 

– Varázsdoboz: http://lsa.tmit.bme.hu/products/speco.html; 
– Beszédmester: http://www.inf.u-szeged.hu/projectdirs/beszedmester/; 
– Beszédasszisztens: http://www.jgypk.hu/mentorhalo/tananyag/az_ikt_alkalmazasa_a_ 

gyogypedagogiaban_V2/1010_beszdasszisztens.html. 
Now the articulatory methods, especially UTI, are also available for the therapy of motor senso-
ry deficits. 

http://lsa.tmit.bme.hu/products/speco.html
http://www.inf.u-szeged.hu/projectdirs/beszedmester/
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