
SUMMARY

This paper aims to present research in the area of articulatory phonetics of Polish. First, we 
discuss briefly instrumental and experimental studies of Polish articulation that had been conducted 
by the 1970s and then we describe investigations of Polish articulation carried out in the 1990s and 
in the 21st century. We focus on research completed with the use of electro-magnetic articulography 
(EMA) and, finally, we discuss selected issues of a larger-scale on-going EMA project of ours aimed 
at an in-depth analysis of Polish articulation. 
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InTRodUcTIon

Polish is a language that receives much attention from both the phonetic and 
phonological perspective. However, when one examines the available sources, it 
appears that there are many outdated and imprecise descriptions of the articulation 
of Polish sounds (in which, for instance, one is not informed about the examined 
participants or the methods used for obtaining the data for analysis). After decades 
of stagnation in the area of articulatory studies of Polish, there is a need for an 
accurate and comprehensive account of the contemporary Polish sound system. 
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To meet this need, studies are carried out, at the Faculty of Humanities in Lublin, 
with the use of 3-dimensional electromagnetic articulography. This paper presents 
the current state of research related to the articulation of Polish sounds. 

We begin with a brief historical overview of the achievements of scholars in 
the 20th century. Next, we give an account of a pilot study involving two speak-
ers of Polish, one with normative and the other with disordered pronunciation, 
who provided articulatory data that was used to create detailed descriptions and 
2-D animations (Trochymiuk, Święciński 2009). The results of the investigation 
were later employed in the creation of an award-winning educational website  
fonem.eu.

Finally, we present selected methodological, phonetic and phonological is-
sues related to an on-going project titled Polish Language Pronunciation. Analy-
sis Using Three-Dimensional Electromagnetic Articulography, whose main ob-
jective is to create a detailed account of the basic realizations of Polish sounds. 
The study entails recording three types of signal — articulographic, multi-channel 
audio and high-speed video — in a specifically selected group of 20 native speak-
ers of Polish (10 men and 10 women). The relations between thus acquired data 
will be modelled with the use of a dynamic Bayesian network and stored in a 
relational database.

ARTIcULAToRY STUdIES oF PoLISH – 
A HISToRIcAL PERSPEcTIvE

The first prominent instrumental study of Polish articulation was carried out 
by Tytus Benni, who used one of the earliest phonetic methods of imaging articu-
lations that are invisible to the human eye, that is palatography. His pioneering 
studies of Polish in this field were conducted in 1915, when he completed a com-
prehensive study of the linguo-palatal contact in Polish consonants and vowels 
(Benni 1915). The method he used was rather crude as he copied the marks left 
by the tongue on an artificial aluminium palate covered with a layer of talcum or 
chalk, as shown in Fig. 1. 

In the diagrams T. Benni marked the teeth and three series of reference points, 
owing to which it is easier to interpret and compare the contact of the tongue with 
the palate for pronunciations of particular speech sounds. Benni examined the ar-
ticulation of all Polish consonants and vowels along the following divisions: hard 
consonants (front and back occlusions), palatalized consonants (labial, anterior 
and posterior) and vowels (oral and nasal). Benni supplied his palatograms with 
comments that have been highly valued for their thoroughness, insight and cau-
tious interpretation. It is worth noticing, however, that his research results are still 
not updated.
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Another distinguished contribution to the description of Polish articula-
tion was made by Michał Abiński, a teacher at the institute for the Deaf in war-
saw. In his 1925 publication titled Obrazy głosek polskich ‘drawings of Polish 
sounds’, Abiński provides a set of 47 illustrations presenting the articulation of 
Polish consonants and vowels (see Fig. 2). To this day, they are frequently repro-
duced in Polish phonetics handbooks (e.g. klemensiewicz 1984, Dyszak et al. 
1997, wiśniewski 1998). interestingly, it needs to be stressed that the diagrams 
Abiński produced were based only on subjective impressions and observations of 

his own and other people’s articula-
tion. nevertheless, many researchers 
unquestioningly use these diagrams 
to support their theories. Moreover, 
they are used as a standard model in 
the process of educating students, 
even at the higher level, for example, 
students at philology as well as at 
speech pathology departments.

Maria Dłuska contributed to the 
description of Polish by employing 
labiography (1950). She created la-
biograms for Polish sounds, as seen 
in Figure 3, with the use of a folded 
piece of thick paper blackened with 
soot. Apart from labiography, Dłuska 
resorted also to other experimental 
methods, such as palatography.

Figure 1. Examples of palatograms of apico-dental consonants: a) [t] in the word tata ‘dad’, 
b) [d] in the word dama ‘dame’, c) [n] in words nam ‘us’ and pan ‘Sir’ (after Benni 1931:11).

Figure 2. Midsagittal cross-section of Polish 
[ʂ] by Abiński (after Parol 1998, Part 2, Fig. 23).

ARTIcULAToRY STUdIES oF THE PoLISH SoUnd SYSTEM
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Pioneering and invaluable phonetic studies of Polish were carried out by 
koneczna and Zawadowski (1951). Their investigation consisted in taking X-
ray photographs of Polish sounds pronounced by four Warsaw-based speakers 
and resulted in creating 146 midsagittal cross-sections of the vocal tract during 

the articulation of specific conso-
nants and vowels, as exemplified 
in Fig. 4. in order to obtain a bet-
ter picture of the positioning of the 
articulators, the soft tissues of the 
tongue, lips, and of the palate were 
covered with a thin layer of radia-
tion-absorbing substance (barium 
as the insoluble sulfuric acid salt). 
details of interest were copied from 
the X-ray pictures onto transparent  
paper. 

Since 1957 X-ray-based stud-
ies were conducted also by Bożena  
wierzchowska. She was the first one 
to employ cineradiography in the 

Figure 3. Labiograms of the Polish vowels [ɛ], [ɛ]̃, [a] and [ã] (Dłuska 1950: 55).

Figure 4.  X-ray section of the consonant [ʂ] 
(after koneczna and Zawadowski 1951, Fig. 117 – 
speaker III).
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examination of Polish sounds3. Figure 5 presents her cineradiographic study of 
the phases in the articulation of [r] (wierzchowska 1980). Unfortunately, images 
obtained in this manner were not so clear as in traditional X-ray imaging, though 
they were, undoubtedly, more natural.

Apart from cineradiography, wierzchowska carried out numerous extensive 
experimental studies of Polish with the use of the aforementioned methods of 
investigation (palatograms, labiograms, static X-ray pictures). Nobody has con-
ducted such large-scale experimental phonetic studies of Polish articulation since 
her death in 1980 which marked the beginning of a long period of inactivity in the 
experimental articulatory studies of Polish sounds.

Studies on the articulation of the Polish language were resumed in the 1990s. 
The first publications were by phoniatricians and reported experiments carried 
out with the use of ultrasound (Wein et al. 1991), and nuclear magnetic reso-
nance (wein et al. 1994). Both techniques had not been used in instrumental re-
search of Polish. In the aforementioned ultrasound study, shapes of the sides of 
the tongue were investigated during, among others, the pronunciation of isolated 
vowels (oral and nasal) as well as the roll [r] in five adult speakers of Polish4 (in 
the article, the authors present, however, only one example for each studied sound, 

3 in recent years in Poland there appeared publications reporting videofluoroscopic studies 
of patients after resection of oral cavity tumor (Stecewicz et al. 2006) and in two adults-one with 
overbite and the other one with ankyloglossia (ostapiuk 2013).

4 The authors also present cross-sections of the tongue during articulation exercises with visual 
feedback of the consonant [r] performed by a hearing child and of the vowel [i] by a child with 
impaired hearing.

Figure 5. A cineradiogram of the [r] sound (after wierzchowska 1980:105).
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without explaining whether they were obtained from the same or different speak-
ers). Subjects were asked to pronounce sounds in a prolonged manner, for at least 
two seconds. After the stabilization of the position of the tongue, the lateral con-
tour of the surface of the tongue was enhanced and photographed. It is astonishing 
that nasal vowels were also examined in this way, since they are characterized by 
multi-segmental realization and it is impossible to judge which of the phases of 
their realization is presented in the images.

A study with the use of the nuclear magnetic resonance was performed on 
one patient, who was asked to pronunce every Polish sound in isolation for two 
seconds. The methodology is understandable in the case of continuants, but pro-
longed articulation was also required in the case of nasal vowels, plosives and af-
fricates (it is also noticed by ostapiuk 2013: 154–155). Despite huge technologi-
cal advancement which makes three-dimensional computer modeling of the vocal 
tract possible, MRI still gives unsatisfactory results in terms of image accuracy 
and sampling frequency (the speaker must prolong the desired articulation for 
many seconds). Also, the effect of gravity has a negative impact on the articula-
tion, as the testing is performed in a lying position (see Stone et al. 2007).

other experimental articulatory studies that appeared in the 1990s were con-
ducted by two scholars: B. Pompino-Marschall and M. rochoń (later Żygis). 
They employed state-of-the-art equipment, however the scope of their research 
was rather limited. in 1999 they examined the articulation of Polish dentals and 
in another study (2003) they investigated palatalized bilabial stops in 4 speakers. 
The methods they employed were electromagnetic articulography (data obtained 
with an AG100 ariculograph) and electropalatography. Unfortunately, their articu-
latory investigations of Polish seem to be discontinued.

Pompino-Marschall and Żygis (2003) confirmed the observation regarding 
the articulatory asynchronicity of Polish palatalised labials. In other descriptions 
of contemporary Polish, however, there are conflicting claims concerning this is-
sue. Strutyński (2000: 71) states that the asynchronic articulation of palatalized 
labials and velars is not dominant but becomes more widespread in modern Pol-
ish. A similar observation is made by rochoń and Pompino-Marshall (1999) in 
relation to secondarily palatalized coronal plosives. This could indicate that in 
present-day Polish we are dealing with an on-going phonological change in which 
the synchronically articulated phonemes become dissimilated. However, to prove 
this claim one should carry out a sociolinguistic study in which the focus should 
be placed on the pronunciation of these segments by the younger and older gen-
erations of Poles.
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ELEcTRoMAGnETIc ARTIcULoGRAPHY In 
THE STUdY oF PoLISH ARTIcULATIon

The articulograph is one of the most modern research tools and makes it 
possible to record, present and assess the movements of mobile articulators (the 
lips, the tongue, the jaw and the soft palate), to inspect and analyze dynamic 3D 
movement visualizations synchronized with parallel audio, to select freely the 
temporal domain for analysis. In comparison to other methods for assessing ar-
ticulation (e.g. Mri, ultrasound or x-ray microbeam), electromagnetic articulog-
raphy (EMA) displays numerous advantages, such as: high sampling frequency, 
possibility of 3-dimensional imaging (or even 5-dimensional when considering 
the measurements of sensor tilt angles), lack of health hazards, high quality of 
obtained data or the unlimited mobility of the speaker’s head (Ridouane 2006).

EMA is used to describe the movements and positioning of speech organs 
by leading phonetic reaserch centres all over the world (USA, canada, Australia, 
Japan, Russia, china, Germany, Holland), for instance in Massachusetts Institute 
of Technology (MIT), Haskins Laboratories, Queen Margaret University college 
(Edinburgh), Zentrum für Allgemeine Sprachwiesenschaft (Berlin), University 
of California Phonetics Lab, Speech Dynamics Lab at Beckman institute, Max 
Planck Institutes, and many others. These esteemed and trend-setting academic 
centres carry out research into articulatory characteristics of pronunciation of nu-
merous languages; it seems essential to conduct such descriptions for Polish, too.

Articulographic research has been conducted to describe articulatory proper-
ties of numerous languages, amongst others the following:

– English and its varieties (wrench 1999; wrench and Scobbie 2003; kühnert 
and Hoole 2004; Mullooly 2004; richmond 2007; Carignan et al. 2011; and many 
others),

– German (Mooshammer et al. 2003; Hoole and Mooshammer 2002; kühnert 
and Hoole 2004; Pompino-Marschall et al. 1996; Pompino-Marschall et al. 1998; 
Mooshammer et al. 2001; Fuchs et al. 2001; Bauer et al. 2010; Harrington et al. 
2011),

– Chinese and its dialects (Hu 2003; Hoole and Hu 2004; Feng 2007),
– French (Badin et al. 2008; kühnert et al. 2006),
– dutch (Schiller et al. 1997; Warner et al. 2001),
– korean (kochetov et al. 2007; kochetov and Pouplier 2008),
– Hungarian (Geng and Mooshammer 2004; Benus and Gafos 2007),
– russian (kochetov 2007; kochetov et al. 2007),
– Hindi (Shosted 2012),
– Arabic (Roon et al. 2007).

ARTIcULAToRY STUdIES oF THE PoLISH SoUnd SYSTEM



68

Electromagnetic articulography has also been used by Polish scientists5 and 
entrepreneurs6 – the results of this cooperation have been presented below. Ar-
ticulatory studies in Poland were resumed in the 21st century at the department of 
Speech Pathology and Applied Linguistics in Lublin, together with the acquisition 
of a state-of-the-art equipment, i.e. the electro-magnetic articulograph AG500. 

The first project aimed at creating animated models of the vocal tract that 
showed standard pronunciations of all Polish sounds as well as a selection of dis-
ordered sounds. The animations were later published at an award-winning website 
(fonem.eu). It was a study based on the articulation of 2 speakers: a Polish Tv 
presenter with standard Polish pronunciation and a woman in her 30s with disor-
dered articulation. They were recorded with the articulograph and video cameras. 
The obtained data were later used to create detailed descriptions, 2-d animations 
and static midsagittal cross-sections of the vocal tract showing the articulation of 
particular sounds.

Articulographic data acquisition 
The AG500 system was calibrated before each recording session and the sen-

sors were sterilized and coated with latex milk. Thus prepared sensors were glued 
in previously selected points on the particinant’s articulators, using a non-toxic tis-
sue glue. Sensors whose readouts enabled subsequent calculations of head move-
ments were placed on the mastoid processes behind the ears and on the bridge of 
the nose. These places were selected due to their relative stability in relation to one 
another during speech. Two sensors monitoring lip movements were positioned 
on the central facial axis in the immediate vicinity of the lips, but not on the lips 
themselves because of the highly sensitive tissue, which might become damaged 
during sensor removal. Four other sensors were placed along the longitudinal axis 
of the tongue: one on the tip, one in the postdorsal area and two at equal intervals 
between the outermost sensors (in the participant with standard articulation three 
sensors were used, placed on the tip, front and back of the tongue). The next two 
sensors were glued onto the sides of the tongue’s upper surface between the first 
(tip) and second sensor, as presented in Figures 6 and 7. The last sensor was glued 
at the borderline between the lower incisors and gums in order to control man-
dibular movements. 

5 P. łobacz became the head of the team with A. Lorenc and r. Święciński as members.
6 Experiments were carried out within the project UDA-PoiG.08.01.00-24-228/09-00 “Portal 

edukacyjny polskiej fonetyki stosowanej w zakresie normy i patologii mowy” [Educational portal 
of Polish applied phonetics in normal and pathological speech] operational Program ‘innovative 
Economy’ implemented by the company Fonem.eu
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one sensor served to outline the shape of the alveolar ridge, the hard palate 
and partly the velum. This enabled later representation of the abovementioned 
speech organs in a graphic form. 

Both participants were asked to read out words appearing on the screen placed 
in front of them at eye level. The words appeared every three seconds. Word lists 
were devised in such a way that the target consonants appeared word internally 
between vowels [a] and/or [ɛ], whose relatively neutral articulation would empha-
size the consonants’ articulatory features, at the same time having lesser coarticu-
latory influence on the investigated consonants than other vowels of Polish. oral 
vowels were also evaluated in the medial position in the vicinity of plosive con-
sonants. The contrast between the maximal consonantal occlusion and maximal 
vowel openness would emphasize the articulatory features of vowels. 

After the recordings, the data obtained were imported from the main articulo-
graph unit to the controlling computer. Using the manufacturer-supplied calcPos 
program, the computer calculated the amplitude values obtained from individual 
sensors into spatial data for each sensor, taking the previously obtained calibration 
data into account.  Then, the correction of head movements was made on the bases 
of the data obtained from the control sensors, using the software also supplied by 
the articulograph manufacturer. The data thus prepared were analysed further. 

Modelling the vocal tract and creating animated films with the use of 
articulatory data

The model of the vocal tract subsequently used in the animation of the speech 
organs during speech was developed by a multi-specialist team which, apart from 

Figure 6. The positioning of selected sen-
sors recording the work of mobile articulators in 
the subject with normative articulation (after Tro-
chymiuk and Święciński 2009: 181).

Figure 7. The positioning of selected sen-
sors recording the work of mobile articulators in 
the female subject with disordered articulation 
(after Trochymiuk and Święciński 2009: 181).

ARTIcULAToRY STUdIES oF THE PoLISH SoUnd SYSTEM
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graphic artists and programmers, was made up of phoneticians, speech therapists, 
orthodontists, and laryngologists. The design took into consideration the actual 
anatomical features of the speakers’ facial skeletons taken from photographs and 
video recordings. The shape of the palate was designed on the basis of tracings 
of passive articulators made with the use of a sensor during the articulographic 
recordings (cf. Fig. 8, Fig. 9).

The final shape of the speakers’ vocal tracts was determined by plotting the 
above-described contours of passive articulators onto schematic cross sections 
of their facial skeletons. The positions of sensors on the active articulators (the 
tongue, lips, and the mandible) were also taken into account. Subsequently, the X, 
Y axes were marked as the points of reference for vertical and horizontal move-
ments of the articulators (cf. Fig. 10, Fig. 11) and animations were created on the 
basis of the readouts from the articulograph.

Figure 8. The trace of passive articulators in the speaker with standard Polish pronunciation. 
Source: own materials.

Figure 9. The trace of passive articulators in the speaker with disordered Polish pronunciation. 
Source: own materials.
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The sampling frequency of the articulographic recordings was 200Hz and the 
same setting was adopted in designing the animations. on the basis of articulo-
graphic data, a total of 45 animations were created for standard (normative) articu-
lations, and 8 animations for articulations with abnormally convex tongue setting. 
The main advantage of thus created animations is that one can observe the activity 
of individual speech organs in their dynamics, stop the film at any point in time 
and play it back again. All the animations are included in the portal devoted to 
Polish phonetics: www.fonem.eu. The project Portal edukacyjny polskiej fonetyki 
stosowanej w zakresie normy i patologii mowy (Educational portal of Polish ap-
plied phonetics in normal and pathological speech) was one of the winners of the 
11th European Language Label (ELL) competition, which is the European quality 
certificate in language education.

The investigation of disordered articulation using the articulograph enabled 
the finding that the abnormally convex tongue setting in the examined participant 
characterizes not only the realization of post-alveolar consonants [ʃ] [ʒ] [ʧ] [ʤ], 
but also other consonants and vowels. The articulation in question can, for in-
stance, be observed in the midsagittal projections and selected animation frames 
of the realization of the phonemes /l/ and /ɛ/ in the word Leszek (cf. Fig. 12, 13, 
14, 15).

Figure 10. The model of the vocal tract 
based on the speaker’s anatomical features, 
the tracing of passive articulators and sensor 
positions. Source: own materials.

Figure 11. Schematic model of the vocal 
tract plotted onto the coordinate axes. Source: 
own materials.
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Figure 12. realization of the phoneme /l/ in standard articulation (word – Leszek). Source: 
own materials.

Figure 13. realization of the phoneme /l/ in disordered articulation (word – Leszek). Source: 
own materials.

Figure 14. Standard realization of the phoneme /ɛ/ in the middle of its articulation (word – 
Leszek). Source: www.fonem.eu
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In the investigation described above, traditional labiograms (cf. Fig. 3) were 
replaced with video-recordings which permit the researcher to capture the dynam-
ics of articulatory movements of the lips and the jaw as well as selected articula-
tion stages, as shown in Fig. 16.

a)

b)

Figure 16.video-recording sequences corresponding to selected stages of  articulation of the  
post-alveolar fricative consonant  [ʂ] in Polish : a) front view, b) lateral view. Source: own record-
ings. Source: own materials.

EMA study of articulatory settings
Another study of Polish articulation conducted with the use of AG500 was 

carried out by Święciński (2013) who investigated articulatory settings in four 
Polish speakers of English. The conducted experiment confirmed the existence 
of language-specific articulatory settings and their influence on the degree of for-
eign-accentedness in Polish speakers of English. It was revealed that speakers 

Figure 15. Disordered realization of the phoneme /ɛ/ in the middle of its articulation (word – 
Leszek). Source: www.fonem.eu
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who had successfully mastered the pronunciation of English adopted a different 
tongue posture before producing an utterance in English than in Polish. The same 
phenomenon was not attested in speakers whose pronunciation of English was 
heavily accented.

PEndInG RESEARcH

Being aware of the imperfections of our previous articulographic studies re-
sulting from a very limited number of examined speakers, we decided to embark 
on a larger-scale project and obtained a financial grant from the National Science 
Centre. The title of the project is “Polish Language Pronunciation. Analysis Us-
ing Three-Dimensional Electromagnetic Articulography” and its imperative goal 
is to create the first objective, quantitative and qualitative description of standard 
pronunciation of Polish sounds. This study has been undertaken for a number of 
reasons. Primarily, the interest springs out of the lack of up-to-date and objective 
accounts of Polish articulation as well as partial outdatedness of research results 
obtained so far due to the evolution of language. Since the late 1970s, articulatory 
studies in Poland have been embarked upon less and less frequently. The project 
is an attempt at filling this gap and also a proposal to carry out state-of-the-art, ob-
jective and multimodal research on contemporary Polish speech – to comply with 
the demands of modern articulatory phonetics. The following sections present the 
basic tenets of the investigation and the future development of our articulographic 
studies of Polish.

The research team
The investigation brought together researchers from various fields specializ-

ing in the studies of speech and related disciplines: apart from phoneticians there 
are specialists in the areas of digital speech signal processing, electroacoustic en-
gineering, video systems, automatic speech recognition, digital signal and video 
processing (incl. Bayesian networks), relational databases and others.

The participants
The participants in the experiment are 10 females and 10 males displaying 

standard and meticulous pronunciation of Polish who (will) have been subjected 
to speech and language diagnostic tests aiming at excluding speakers with im-
paired hearing, anatomical abnormalities of the speech apparatus or impaired mo-
tor skills of the speech organs7.

7 Specific participant selection criteria are discussed in Lorenc 2013. Their updated and more 
detailed description will appear in 2015 (Lorenc, in print).
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The instrumental setup
The experiment is carried out with the use of AG500 articulograph – the only 

apparatus of this kind in Poland, which is the equipment of the department of 
Speech and Language Pathology and Applied Linguistics, McSU. 

Audio and video signals are registered simultaneously with signals from ar-
ticulograph sensors. Acoustic data are recorded with a broadband multi-channel 
digital recorder in order to enhance the quality of acoustic data and synchronize 
articulographic, audio and video signals more precisely. Moreover, the recorder 
is capable of identifying the source(s) of the incoming sound, and has already 
provided promising preliminary results in the domain of nasality and laterality 
detection (król et al., in print). Three high-frame rate camcorders register the 
participants’ faces together with specifically located fluorescent markers (see Fig. 
17)  attached to them so as to obtain exact motion estimates of outer articulators, 
such as the jaw and lips. 

Figure 17. view of a) the spatial distribution of markers on the face of the test speaker b) mark-
ers after extraction. Source: own.

The research results
The experiment focuses on the characteristics of standard Polish pronuncia-

tion, creating a detailed description of Polish speech dynamics, the coordination 
of articulators, their positioning in respective articulatory stages as well as pre-
senting research findings in accessible graphic forms.

Audio and video recordings as well as data from articulograph sensors are 
processed in order to obtain selected parameters in the temporal and spectral do-
main. The parameters will be used for dynamic Bayesian network (dBn) train-

A B
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ing. dynamic Bayesian networks will represent probabilistic models of Polish 
language utterances examined in the project. All data concerning the speakers, ar-
ticulograph signals, sounds, camcorder images, signal parameters and articulation 
models in the form of dynamic Bayesian networks will be stored in a dedicated 
relational database.

Articulographic recordings, together with parallel audio and video footage as 
well as photographic documentation, will lead to the creation of a thorough and 
comprehensive account of Polish phonetics. Moreover, the experiment will lead 
to drawing outlines of the upper surface of the tongue during the articulation of 
Polish segments, created with the pioneering utilization of the data reflecting tilt 
angles of EMA sensors.

due to the use of the multimodal properties of the articulograph, it will be 
possible to create a modern description of the articulators’ dynamics presenting 
relevant stages of each sound’s development, which will also result in verifying 
and updating current views on Polish pronunciation. Thus, the project bears fun-
damental importance for the development of articulatory phonetics in Poland. The 
findings should be included in teaching curricula at higher education institutions 
that train students in the domains of philology, pedagogy or speech and language 
therapy. The results of this research should also become a work of reference in 
speech and language pathology diagnosis and therapy programming, particularly 
when it comes to assessment and creation of proper articulatory habits. What is 
more, the findings may also contribute to the development of novel technologies 
for speech synthesis, software dedicated to speech therapy and diagnosis, speech 
and language pathology research, or software dedicated to speech learning by deaf 
and hard of hearing people.

The measurements of supralaryngeal articulations coupled with multimodal 
and thorough descriptions will make it possible to replace schematic and subjec-
tive illustrations of sound segments with ones based on authentic data obtained 
from real utterances of adult speakers of Polish.

Phonetic and phonological controversies
The study is also an attempt at finding answers to a number of controversial 

phonetic and phonological issues that are subject of ongoing academic discus-
sions. considering the fact that the previous comprehensive articulatory studies 
of Polish with the use of instrumental methods (X-ray) were carried out over half 
a century ago in the 1950s and 1960s (koneczna and Zawadowski 1951; wier-
zchowska 1964), the articulations of particular sounds are most likely to have 
undergone changes since then. Moreover, some sound realizations were not exam-
ined at all. A comprehensive articulatory description of Polish entails dealing with 
a number of problematic matters which are discussed in phonetic and phonologi-
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cal literature on a number of occasions. The obtained data may provide answers 
to some phonologically related problems, as we believe that the phonetics of a 
language reflects its phonology. These include, for example:

– the high front vowels contrast (/i/ vs. /ɨ/)
– the phonological status of nasal vowels
– the phonological status of palatalised consonants
– the featural makeup of Polish post-alveolars
Most of these controversies are related to the size and shape of the phonologi-

cal inventory. As a consequence of the multiple and contradictory interpretations 
available in the descriptions of Polish, we do not assume any definite number of 
phonemes but, rather, want to verify the phonetic/articulatory distinctiveness of 
specific realizations of sounds, which might provide clues to their phonological 
status. Thus, our goal is also to obtain insight into these issues by examining the 
articulation of the relevant segments. Below we present a number of phonetic and 
phonological questions together with proposed articulatory means of answering 
them.

1. is the vowel /ɨ/ front, central or, perhaps, back? what is its specification in 
terms of phonological [+/-front] and [+/- back] features)?

The positioning of the sensors placed on the tongue during the articulation of 
[ɨ] in comparison to its position in the other Polish vowels could provide informa-
tion of its allegiance in the front-back plain (is it closer to the front or back vowels, 
or is it central?). Acoustic measurements of Polish vowels (Gonet 1993, łobacz 
1996, kleśta 1998, Jassem 1999) indicate that [ɨ] is nearly as front as the vowel 
[ɛ]. Their studies indicate that the mean values of the second formant of [ɨ] and [ɛ] 
are similar. observing the positioning of sensors placed on the tongue will show if 
these data are reflected in the actual articulation (if the F2 value in the case of [ɨ] 
is directly related to its frontness). Similarly, there are phonological studies which 
differ in classifying the vowel in question as either [+high] or [-high]. Sensor 
positioning of [ɨ] in relation to the unequivocally high vowels and the half-open 
vowels could indicate which of the two distinctive features is more appropriate 
from the articulatory perspective.

2. What are the articulatory characteristics of nasal vowels and segments that 
are believed to be their realizations? is the [ɔ] in kąp [kɔmp] ‘bathe, 2 pers. imper.’ 
different than the [ɔ] in komp ‘computer, abbr.’?

In light of the apparent phonetic, and possibly phonological, change concern-
ing the articulation of Polish nasal vowels before non-continuant consonants, as 
in rąb ‘chop, imper. sing.’, ręka ‘hand’, ksiądz ‘priest’ there arises the question 
whether the vowels <ą> and <ę>, traditionally believed to be phonologically na-
sal, bear different articulatory characteristics than their oral counterparts in the 
same contexts, as in rąb – romb ‘rhombus’, pręty ‘rods’ – renty ‘pension, Gen. 
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sing.’, błąd ‘error’ – blond ‘blond’, sądy ‘courts of law’ – sondy ‘probes’, kępa 
‘clump’ – Kempa ‘proper name.’ The study with the use of EMA will allow us 
to determine if there exists statistically significant articulatory difference (in the 
positioning of tongue sensors) between such vowel pairs. Moreover, lack of sig-
nificant differences in the examined tokens might indicate that the phonological 
structure of the words under investigation is the same, which, in turn, might imply 
that the phonologically nasal specification of the vowels <ę> and <ą> is no longer 
at play.

Similarly, the articulatory study of vowels traditionally regarded as nasal be-
fore continuants (e.g. węzeł ‘knot’ – benzen ‘benzene’, męski ‘masculine’ – pen-
sja ‘salary’) might show if the property of nasality influences the position of the 
tongue during the articulation of the vowels, or not.

3. is there synchronicity in the articulation of palatalized and palatal conso-
nants? Does articulation indicate whether the palatal glide after obstruents is a 
transitory segment or a phonological entity?

Considering the dubious phonemic status of /j/ after palatalized consonants, 
as in pies ‘dog’, miasto ‘city’, diadem ‘diadem’, dieta ‘diet’, kiedy ‘when’ or hy-
ena ‘hyiena’, as well as the questionable phonological status of palatalized sounds 
in Polish, synchronicity of articulation is a factor that could shed light on these 
issues. The study of the temporal relations between the onsets and targets of ar-
ticulatory gestures in palatalized consonants could indicate if the palatal glide 
between palatalized consonants and the following vowels is a transition segment 
resulting from coarticulation, or if it should no longer be treated as a linking de-
vice, but be viewed as a distinct entity in the phonological structure.8

4. Are /i/ and /ɨ/ distinct phonemes or are they allophones of the same pho-
neme?

Answering the previous question related to the phonological status of palatal-
ized consonants in Polish could provide evidence for clarifying this issue. 

5. Are Polish post-alveolars ([ʃ]/[ʂ] [ʒ]/[ʐ] [ʧ]/[ʈʂ] [ʤ]/[ɖʐ]) retroflex? 
Studies by Żygis (2004) and Trochymiuk and Święciński (2009) indicate that 

post-alveolar obstruents in Polish bear acoustic and articulatory characteristics of 
retroflex sounds. The study involving a much greater number of participants could 
unequivocally confirm or reject earlier observations. Such a verification will in-
volve the analysis of the positioning and tilt of the sensors attached to the tip and 
front of the tongue.

8 Święciński’s preliminary investigation into the synchronicity of articulation in secondarily 
palatalized plosives indicates that the palatal gesture is not synchronic with the plosive occlusion 
regardless of its place of articulation (Święciński 2014).
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concLUSIon

contemporary studies in articulatory phonetics conducted with the use of ad-
vanced instruments allow for verifying, updating and structuring of the current 
knowledge about articulation. Traditional, often subjective techniques of investi-
gation and visualization of speech production are now being replaced by objective 
and considerably more accurate ways of assessment developed within the domain 
of instrumental phonetics (cf. Code, Ball 1984). 

For example, palatography (cf. Benni 1931) has been replaced by electro-
palatography (EPG), where the contact of the tongue with the palate is recorded 
dynamically by means of a sensor-filled artificial palate (no research center in Po-
land has yet such a device). X-ray methods (cf. koneczna and Zawadowski 1951) 
have been replaced by magnetic resonance imaging (MRI), while cineradiography 
(cf. wierzchowska 1980) has given way to dynamic visualizations using electro-
magnetic field to investigate the position of articulators. 
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