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This study examines the movement trajectories of antendrpsterior parts of the
tongue dorsum during symmetrical /VCa/ -sequences, whérgds one of the Hun-
garian long or short vowels /i,a,u/ and C either the voicelgslatal or velar stop
consonant. General aims of this study were to deliver a davan account for (a)
the evidence of the division between dorsality and cortynahd (b) for the potential
role that coarticulatory factors could play for the relativequency of velar palatal-
ization processes in genetically unrelated languagesulResiggest a clear-cut de-
marcation between the behaviour of purely dorsal velarstaadcoronal palatals.
Morevover, factors arising from a general movement econamght contribute to
the palatalization processes mentioned.

1 Introduction

The palatal stop has been a matter of debate for at least tgoms: first it is not
clear whether it is articulated with a dorsal component,clvhwould involve the
specification as a complex segment. The concurrent spemfioaould favour a
classification as simple coronals and introduce at leastaddéional feature to
separate them from the other [-anterior] coronals (Keatl®91). Secondly, on
a phonetic level, the relationship of the palatal stop tovislars remains unclear
(Recasens, 1990).

The data analyzed in the phonological discourse relatdtetaation of dis-
tinctive features has mainly utilized static X-Ray-imadeguo- and palatograms
to determine a featural description of palatal articulatim contrast, the research
work which has studied palatal articulation from the morerpgtically motivated
viewpoint of lingual coarticulation has mainly relied orelropalatographic data,
which has the merit of supplying time-varying data but orlshere is a contact
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and with the drawback of a very limited spatial interprelighi The first aim of
this study is to give a descriptive account of the articulatealization of palatal
stops by making use of movement data acquired by the argcagpd.

In recent years, the influence of phonetic mechanisms inistaghe
paradigmatic contrasts of a language has been refocusdtelsctentific com-
munity, as articulatory economy, perceptual discrimihigband the maintenance
of contrast have been agreed on as the key phonetic factapsnghthe sound
inventories of the world’s spoken languages. For the pladateculation we are
concerned with, this involves the reference to the naturahplogical process of
(velar) palatalization, and therefore the comparison efgalatal stop articulation
with the stop articulation at the velar place of articulatid herefore, in the cur-
rent study we relate the palatal to the velar stop articutadif the same language
to exploratively gain insight into the articulatory econpprinciples governing
the palatal/velar or coronal/dorsal contrast.

The introduction is structured as follows: we will first su@nze phonetic ap-
proaches for explaining sound change in general, takingtgledation processes
as a concrete exampleWe will see that these refer to different parts of the pho-
netic band and partially make reference to a clear-cuirdisbn between true
assimilative change and coarticulatory variation. It wilin out that more recent
approaches assign a more prominent role to coarticulatmgtion than did the
generative tradition. We will then summarize selected aggines to coarticula-
tion and the different predictions they make about the ceteatlata we collected.

1.1 Accountsof phonetically induced sound change

Several accounts of phonetic sound change have been pdposke litera-
ture. The main distinction between them lies in the iderdtfan of the factors
by which they are driven: Is the primary principle rooted miculation, acous-
tics/perception or a kind of transaction between these tndskof influences. Let
us exemplify these different standpoints on the basis ofbpricess of an ex-
tensively studied phonological process, palatalizatecording to Bhat (1978),
at least three distinct processes contribute to palatedizgrocesses, and Bhat
presents these as independent subprocesses of palaialiZzEhese are tongue-
fronting, tongue-raising and spirantization. Of speciahaern here is the the
fronting of velars conditioned by the presence of a front@buve.

!Note that the term palatalization has a different meanimnonetics/phonology: it denotes
the addition of a secondary palatal articulation to a prymeticulation, like in palatalized
labials. Here, the term palatalization is used in the wa iised in typology or historical
linguistics, i.e. as a phonological process (Bhat, 1978).
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K] — [c] I _ [i]

As mentioned, accounts in the neo-grammarian traditionldveaek for
articulatory factors underlying the fronting of the velarfront vowel context.
A contemporary theorist following this rationale is ReaaseHe views palatal-
ization as a gradual sound change mechanism proceedinguinstable medio-
postpalatal or medio-palatal articulations towards prefé alveolopalatal ones
through anncrease in predorsal and laminal conta@ecasens, 2003).

An approach relying primarily on acoustic properties of speech signal
is the theory and research program of acoustic invarianter(&ein & Stevens,
1979), which was elaborated in a series of papers (Lahiri &f3tein, 1984;
Blumstein, 1986; Keating & Lahiri, 1993). This theory makls claims that (1)
there is acoustic invariance in the speech signal correspgmo the phonetic fea-
tures of a language (Blumstein, 1986, p. 178) and that (2p#neeptual system
IS sensitive to these invariant properties. These invapaoperties are seen re-
sponsible for thenatural processes in phonologgnd, in particular can account
for why certain “assimilation rules” are more likely to oec’he conditions for
the occurrence of an assimilation (Blumstein, 1986, p. E6)(a) that the two
contiguous segments must have some similar acoustic piepand (b) that the
original sound and the modified sound must also share a nushbepustic prop-
erties. In the case of velar fronting the acoustic propeirth® segments involved
are identified as the relative distribution of energy: Rataexhibit a selective in-
crease in energy between burst and voicing onset in thedrexyuband between
800 and 1800 Hz, whereas the distribution for velars is coatpaly “flat”.

In other words, “the assimilation of [K] to [c] involves a &wassimilation
of the acoustic property of gravity from the vowel to the @ding consonaft
(Blumstein, 1986, p. 186). In short, this kind of theorizingws the sound change
under consideration as a true assimilative change by makfegence to revived
Jakobsonian featural descriptions.

The third class of theories emphasizes the use of percefactars for sound
change. Among these are -on a metatheoretical level- theagos of generaliz-
ing mini sound changes as elaborated by Ohala (e.g. Oha8&),1®hala (1993))
and Lindblom’s approach of adaptive dispersion (Lindbldrale 1995). A con-
crete instantiation of Lindblom’s approach is carried authe work of Guion
(1998): She interprets the facts about velar palatalinatiderms of a perceptual
reanalysis of fast speech. On a large scale, we see the axplam the potential
influence and interaction of these factors in shaping lagguhange, and for the
present purpose, in an exploration of its articulatory eedientia.

2/il has F2 und F3 in the same region.
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1.2 Theoretical Approachesto coarticulation

Classical generative theory makes a clearcut separatitwweba coarticulation
and other context-dependent phenomena, such as assnstatCoarticulation
deals with “transitions between vowels and adjacent coansisnthe adjustments
in the vocal tract shape made in anticipation of a subsequetibn” (SPE:295,
cited from Farnetani & Recasens (1999)). In contrast, akgions involve opera-
tions on phonological features, and are accounted for bpqbgical rules, which
map lexical representations onto phonetic representatiims kind of reasoning
comprises the acoustic invariance approach relying onb#mioan ideas as well
as the approach taken in SPE with extensive marking cormrent\We skip a more
thorough discussion as these approaches are not laid oudke more detailed
predictions about articulatory surface behati@oarticulation and other proper-
ties of phonetic implementation are assumed to follow franversal principles
of speech physiology.

1.2.1 The window model of coarticulation

The “window model of coarticulation” elaborated by Keati(i®90) blurs this
clear-cut distinction between the grammar and the phydispeech. In Keat-
ing’s view, the grammar has a phonologi@ld a phonetic component. This
phonetic component of the grammar has the function to speditther a feature
Is relevant in the paradigm in a given language. For exantpéeyoicing distinc-
tion is very systematic in English or German, but compleéddgent in Polish and
Czech. This kind of facts has to be accounted for in the grammtiogether,
there are three different ways to deal with underspeciboatlhere is underspec-
ification on the phonological level, which may persist in fteonetic domain.
Then, there is phonetic underspecification which is condjzied as a continu-
ous notion. Additionally, unspecified features may be le&pecified or specified
by rule. Now, if phonological assimilation rules assign atextual feature to a
segment, its associated window will be narrow before thatexd and the contour
will have a plateau-like shape. If assimilation rules aré axiive, the key fea-
ture remains unspecified and the trajectories will be pexyidy “interpolation”.
Furthermore, inter-language differences in coarticafattan be of phonological
or phonetic origin. If phonological assimilation rules ogie in one language and
not in the other, they are of phonological origin. They areglbnetic origin, if
different languages interpret an unspecified feature reifftby.

3the interested reader can consult Lahiri & Blumstein (1984)

41t has to be mentioned though that this clear-cut distimchietween the grammar and the
physics of speech has been abandoned earlier by approdehaniag from within featural
phonology, e.g. in approaches as the theory of feature diiggHammarberg, 1976), the look-
ahead model, (Daniloff & Hammarberg, 1973), the model ofrtoalatory resistance Bladon
& Al-Bamerni (1976).
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In a different series of papers, Keating (1988,1991,1988)aated the status of
palatals and velars. In Keating (1988) it was proposed thktals are complex
segments involving both coronal and tongue body articutati such that they
would have a status like double-articulated labial-velarse representation of
the palatal has specifications on the dorsal as well as orotioaal node:

Place

coronal dorsal

[—ant] [+distr] |—back] [+high)

In yet another publication, Keating (1993) discusses tlepmena of velar
fronting in terms of surface features for English:

With reference to the work of Houde (1968), she states thliarsélack
inherent specification for Back ((Keating, 1991, p. 17))":

V C V

Place Place Place

DORSAL DORSAL DORSAL

[-+back] [—back]

“Stated another way, velar fronting is something that happgadually over
the course of the velar. Such temporal/spatial variatiorphmnetic gradience,
can be interpreted as a transparency effect on the velarasfiect to backness.”
(Keating, 1991, p. 17) This seems to tacitly assume a larigirig” movement
of the tongue during the closure interval, and, on the reyeas absence of this
kind of movements during the realization of the palatals.ofp which we will
turn back on later.

For completeness, we reproduce the specification of thagtiakd velars. In
contrast to the velar specification cited above, palatdizdars have an inherent
specification for Back.

Place

dorsal

[—back] [+highl

SKeating (1991) offers another possibility for the repreiatian of palatals: "However, an-
other option in the representation of palatals is to treamtlas simple coronals, and introduce
at least one additional feature to distinguish them from[taeterior] coronals. This is in fact
what Halle (1968) does with his new features Lower Incisocost@ct. Actually, both options
could be exercised for more descriptive coverage (Kealif§1, p. 45).”
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1.2.2 Coproduction theory and derivatives

At this point, the necessity arises to review the very bassuits of one of the
most influential studies and the accompanying model of maation: Ohman
(1966) and Ohman (1967) proposed a model of vowel-to-vowalticulation,
the basic empirical evidence of which was derived from alditory and of acous-
tic analysis of Swedish VCV utterances produced in isotatand similar speech
material in American English and Russian. The material erRbssian data was
different with regard to (secondary) palatalization. Theganfinding was that the
consonantal transitiond{C andC'V%,) depend on the identity of the transconso-
nantal vowel. But: this coarticulatory variability was texdd to almost random
fluctuation in the case of Russian. Ohman interprets thesinéa as follows:
The tongue is considered a system of independently opgrattrculators driven
by invariant articulatory commands. The apical articulasanvolved in the for-
mation of apical consonants, the dorsal articulator in dmnation of palatal and
velar consonants and the tongue body articulator in thedtamn of vowels. The
reduced coarticulatory variability for the palatalized-tf@nsitions is seen as the
result of conflicting vowel commands on the tongue body,are][i]-like palatal-
ization commands exerting a blocking effect on the follaywowel.

On the basis of Ohman’s work, theproductiontheory andarticulatory
phonologyhave been elaborated. Fowler (1980) argues against spestircion
theories in general which take phonological features astinphe features used
as input for the speech production mechanism are timeléss;aat and static
and have to be translated into articulatory movement. Asdtani & Recasens
(1999, p. 51) put it: “In this translation process, the speplan supplies the
spatial target and a central clock specifies when the aatiotd have to move.”
In contrast, Fowler’s intention is to overcome this dichoyoand she suggests to
modify the phonological units of the plan: The phonologiaalts become dy-
namically specified phonetic gestures, withiattinsic temporal dimensianin
speech, these gestures are implementecbloydinative structured.e. by tempo-
rary functional dependencies among the articulators iring to the goal the
gestures want to achieve. For example, in producing a hilabop, a temporary
functional link is created between upper lip, lower lip aad/j Several gestures
are allowed to be coproduced. The amount of articulatoryakdity induced
by this coproduction depends on the degree to which the igsstovolved share
articulators. The case of minimal gestural interferend¢kbegproduction of /VbV/-
sequences, where vocalic and consonantal constrictignrgesnvolve two inde-
pendent sets of articulators. Conversely,gasture is defined along exactly the
same set of tract variables and articulators as the flankiogels, if the conso-
nant is a velar (Saltzman & Munhall, 1989). However, the ioagwork seems
to make no reference to palatal articulation, but a serigzapkrs by Recasens
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(1997, 2002) was explicitly designed to make these preuliéti The goal of the
DAC (Degree of coarticulatory constraint)-scale attem@isharacterize phonetic
segments according to the types of articulatory conssamolved in their pro-
duction. These values then can be used to predict the “cakatory resistance”
of the segments. As in Fowler’s theory, the DAC- model assuthat articula-
tory gestures associated with consecutive segments aredraed and overlap to
different degrees depending on their spatiotemporal pti@se on prosodic fac-
tors and speech rate. According to DAC-scale, “consonaffes th DAC value
according to the following order: dorsals (alveolopastgalatals, velars), lin-
gual fricatives (/s/d), dark /I/, which can be assigned a maximum DAC value
(DAC=3); dentals and alveolars such as /n/ and clear /I/ (BACand bilabials,
with the lowest DAC value (DAC=1)(...) Itis hypothesizedtliorsal consonants
are highly constrained based on the observation that themapy contact or con-
striction location stays relatively fixed in line with thed@ contact size involved
and perhaps the sluggishness of the tongue dorsum. The sm®e/ation may
even apply to velars provided that at least two targets intfemd back vowel
contexts are accounted for (Recasens, 2002)".

1.3 Hypotheses

To sum up the selected theories presented and predictiocgicong palatals and
velars:

1. Keating: Palatals -if the description as complex segmennot outdated-
are dorsals and coronals likewise. This amounts to relgtiitde sensitivity
to vowel-induced contextual coarticulation for palataisontrast to velars.
At the same time, front velars should be distinct from pagatatheir shape
configurations, velars lacking the /i/-like “componentf the surface under-
specification Keating adopts for English is also valid forngarian velars,
then the velars exhibit relatively large vowel-dependangdace of articula-
tion. Furthermore, let us shortly review her statementderphonetic imple-
mentation on contextual velar fronting: “Stated anothey,welar fronting
Is something that happegsadually over the course of the vetarAs men-
tioned, Keating seems to view this asi@nsparency effect of the velar with
respect to Backness(Keating, 1993, p. 17) . We need to add here, that this
implies that this transparency effect should be absgat the the course of
the palatal Putting this together, according to Keating, velars andtpts
should be distinguished by the amount of coarticulatoniyuced variability
and their behavioduring these stops.

®Recasengxplicitly mentions his model as being a concrete instantiation ofazhpmtion
theory.
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2. In contrast, Recasens (1990) rejects Keating's (19&8)ncihat palatals are

complex segments produced with the blade and the tonguerdof€ontrary
to Keating, we believe that those consonants which have tiesmacterized
as alveolopalatals and front palatals in this paper belomlifferent articula-
tory classes. Moreover, front velars are back palatalddimons, and a mid
palatal class is also needed in the light of the articulatacys. (Recasens,
1990, p. 276)".
This implies the following predictions: Contextual framji of velars should
amount in a convergence with the tongue shapes of palataithdfmore,
according to the DAC-scale presented above, palatals dadsv&ould be
equally prone to effects induced by variation of the vowelteat.

The aim of this study is to tease apart these contradict@gigtions by a compar-
ison of the palatal and velar stops in Hungarian with resgme@) vowel-context-
specific effects on tongue posture analyzed by factor-&inagchniques and (b)
the vowel-context-specific movement patterns during thézation of these con-
sonants.

2 Method

% — x x
VOR20FFy (@) (0) © @ @© 0

0.5 1.2
Time (s)

Figure 1. The figure shows an illustration of segmentation criteria. &more detailed descrip-
tion see text. The example sound is a voiceless palatal ioahext of /if.

Tongue, jaw and lower lip movements of one female and two sdakers
of Hungarian were recorded by means of Electromagnetic &gids| Articulog-
raphy (EMMA, AG100, Carstens). The two male speakers ngtmere from
Budapest, the female speaker came from the North of Hunfrary, the region
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of Szeged. The choice of the Hungarian language arose foulatbry reasons,
as the Hungarian palatal stop have been described as thal sibg with the po-
tentially strongest dorsal component by Keating & Lahi®g8)Y. Four sensors
were attached to the tongue, one as far back as possible m8)ypproximately
1 cm behind the tongue tip (TT). The two middle sensors, tergprsum (TD)
and tongue mid (TM) were located at equidistant points betwdhem. Addi-
tional sensors were glued on the vermillion border of thesioliyp (LLIP) and on
the lower incisors (JAW). Two sensors on the nasion and orufiper incisors
served as references for compensation of head movemeatisedb the helmet
and definition of an intermediate coordinate system. Thd Goardinate sys-
tem was defined by recordings of two sensors on a T-bar achjunrerder to
rotate the data to the occlusion plane for each speakeindugilly (Hoole, 1996).
Original sample frequencies were 400 Hz for EMMA data and K& kor the
acoustical signal. For the analysis, the EMMA signals weve pass filtered and
downsampled to 200 Hz. The material consisted of /CVCa/eses words with
either velar or palatal voiceless stops as consonantaéxband one of the long
or short corner vowels /i,a,u/. Two realizations of the testds were embedded
in the carrier sentence “Most a ... es a ... volt” (“This was and a ... now”)
and repeated six to 10 times. The following temporal landkharere extracted
manually from the acoustic signal by means of the softwackqge PRAAT by
Boersma & Weenink (1992-2004): (a) the burst of the init@hsonant, (b) the
onset of the second formant of the first vowel, (c) the off$¢he second formant
of the first vowel, (d) the burst of the the medial vowel,(e9 tinset of the sec-
ond formant of the second vowel and (f) the offset of the sddormant of the
second vowel. For the analyzes of the distances reportesvbale will analyze
the medial consonants of the /CVCa/-sequences-, fourrdiftantervals of the
IVCa/-sequence were defined: the movement from the midpbdihie first vowel
to the onset of closure, where the midpoint of the vowel isngefias the central
sample of the temporal landmarks of (b) and (c), the intethaing closure de-
fined as the time between (c) and (d), the interval betweebuhst and voicing
onset as the time between (d) and (e) and, the interval dtinedga/, where the
vowel mid of the second vowel is defined in analogy to the w&kof the first
vowel. These intervals serve as the basis foratieulatory analyzes reported
below. In our opinion, the use of acoustic landmarks seemsisa, because the
commonly applied definition of articulatory landmarks fréme speed signal was
not consistently possible in all vowel environments. Thstahces traveled during
the intervals defined above are calculated by summing thamntiss traveled by
selected sensors over the course of these trajectories.

’As far as we can see, diachronically it has not emerged frdar palatalization. Palatals
are a rather rare outcome of palatalization (Bhat, 1978).
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3 Reaults

3.1 Preliminary qualitative evaluation on palatal stop realisationsin Hun-
garian

There was been a long-standing debate whether the palapahstungarian is a
stop or an affricate (see Siptar & Torkenczy (2000) for a samyn Realisations
of the three speakers presented here showed yet anothempduring the stop

interval no full silence was achieved but the whole intewak accompanied by
frication. Additionally we found a portion which we integied as a (residual)
burst. This was followed by a second frication portion withange in the spectral
energy distribution. Two more speakers have been recoothedyith and without

EMMA. Preliminary inspection gave evidence of a clear glatop realisation.

Since for the former speakers frication during the closurase only occured for
the palatal but not for the velar stop we assume that it is nadrgefact of the

recording procedure but a speaker-dependent allophonatiea. More thorough

and detailed spectral analyses are needed before a caeatasegorisation of the
observed patterns are possible.

3.2 Positional data

In the two top panels and the bottom left panel of fig.2, resofitPrincipal Com-
ponent analyzes of the covariance matrices of the averagedlatory configura-
tions excluding the lips during (a) the initial burst, (bgtmedial burst and (c) the
vowel configurations at the midpoint of V1 are shown. Priatgpmponent anal-
ysis (PCA) involves a decomposition of a a larger number oflg correlated
variables into a (usually smaller) number of not directlpgeivable uncorrelated
variables. These are the so-called principal componems. dbawback of these
single-speaker factor solution is the fact of rotationdeterminacy, i.e. there ex-
ists an infinite number of solutions which explain the samewamof variance. In
the bottom right panel of fig. 2, the solution of the multiskerafactors analytic
model PARAFAC which avoids this problem is shdivn

The aim of both methods is to reveal new meaningful undeglysriables,
in our case, we can reduce the articulatory configuratioriatming separate x-
and y-positions for four tongue and one jaw sensor into adwaensional repre-
sentation still representing the gross topology of thecalditory space analyzed.
The first principal component accounts for as much of theatdrty in the data

8PARAFAC is a type of multi-mode analysis procedure and tleeescontrasting (PCA) or
factor analysis, which are two mode representations. PARAFequires an at least three-
dimensional data structure with the third dimension usub#ing represented by different
speakers, i.e. if all speaker weights are fixed to be one, BAFRAFAC reduces to PCA.
The advantage of PARAFAC is that there is no rotational iedeinacy as in PCA, in other
words, PARAFAC gives unique results. The PARAFAC-model wi©duced in experimental
phonetics by Harshman et al. (1977).
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Figure 2. The two top panels and the lower left panel show speakermiigme Principal Com-
ponent analyzes of the mean tongue configurations at difféeenporal landmarks: the initial
release, the medial release. The light gray triangles & enildpoints of the long corner vow-
els in the context of velar consonants, the dark gray trestiie corresponding projections of
the long corner vowels in the palatal contexts. The lowdntrfgyure is a speaker-independent
PARAFAC projection of the same data
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Figure 3. 1-0-ellipses as indication for the variation of palatal andavelonsonants as calcu-
lated by the means over all vowel contexts at burst time fitialrand medial cononants. Small
ellipses: Palatal configuration; large ellipses: velarfigumation
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as possible, and so does each succeeding component. Forgleespeaker Prin-
cipal Component Analyses, the first factors explain betw&eand 80% of the
variance and the second factors between 17 and 27 %. Thetotalnt of vari-
ance varies between 93 and 98%. This means that the mosastdsportion
of the variance is accounted for in the PCA representatibasthe amount of
variance explained is partitioned in different ways byeliént speakers. The grey
“triangles” shown in fig. 2 are the vowel configurations at thielpoint of V1,
with the dark grey triangle for the palatal context and tiglatigrey triangle for
the palatal context. The most salient pattern of all thestsgeems that the ve-
lars show much more inclination to coarticulate with thecalic environment in
comparison with the palatals: For speakers AP and LT (tdpt agd bottom left
panel) all the palatals except the initial palatal in theteghof /uf cluster close
together, not far from the /t edge of the “palatal triangle”. Compared to the place
variation for the velar stop this gives the impression ofadlgt palatal configura-
tion very close to the first factor score of /i/. This findingusther substantiated
by the plot ofl — o-ellipse shown in figure 3. The velars substantially showemor
variation for all three speakérsIn particular, only the second factor on the y-
axis distinguishes between the palatals. The first factalnst constant for the
palatals and in line with the classic interpretation asrifroaising” to an /i/-like
shape (Harshman et al., 1977). The most consistent patiethd velars is that
the shape of the velar in fucontext is close to the Aicorner. Of particular inter-
est are the projections of the/fin velar context and initial position. And here, the
patterns do not seem to be fully conclusive: For AP, the /kkigarated from the
main palatal cluster as well as from the initial /c/ in/foontext. For speaker LT,
the initial /k/ in /i{-context is “dissolved” in the main palatal cluster. Thensa
holds for speaker /RN/ although the whole single-speakkertiea seems more
diffuse than for the other speakers. So if we would have todegsd/e about these
factor solution, we would prefer to interpret the PARAFAQuimN in the bottom
right panel, because to be identified, certain assumptiams to be met: "The
basic assumption is that, if a factor corresponds to soneorganic unity, then
from one study to another it will retain its pattern, simakausly raising or low-
ering all its loadings according to the magnitude of the oftdat factor under the
different experimental conditions of the second studyadt(€ll & Cattell (1955),
cited from Harshman & Lundy, 1984, p.151). This means thiatdblution has
to be judged higher in terms of its validity. This is subsiateid in a clearer
interpretability: The medial palatal consonants i+ /&and /a/-context show the
strongest coarticulation with the vowel//in the palatal context, a finding that
could have been expected. Then, there is a second palasércimvith initial /i/
and /a/ and medial /u/-context. This analysis substaistatel enhances the find-

°0One could raise the objection that the place of maximal cimisin is not reliably measured
even by the EMA tongue back sensors, but the parallel otientaf the ellipses for the rearmost
sensor indicates that the constriction is mostly caught.
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ing of the initial palatal /4 as having a bias towards the vowel /u/. And finally,
the initial velar in /i/-context is the closest to the palataf all velars. Moreover,
another finding concerning the vowel triangles is remamkaflhe sizes of the
triangles are reduced in the palatal context, indicatingt the palatal consonants
themselves exert a stronger coarticulatory influence ondhels than the velars:
in comparison with the velars, this results in a frontinguwfand a rising of the
lal.

3.3 Kinematic Characteristics

Figure 4 shows distances traveled during the four interwddeh were defined
earlier for the tongue dorsum sensor. Similar results wbtaioned for the tongue
back sensor. The most salient aspect of these plots is &bt distances trav-
eled by the TD sensor during the /VCa/-sequences are largjee palatal contexts
for /a/ and /u/-contexts; the reverse holds for the /i/-etg.

Concerning the velar contexts, we found some relativelgrssing patterns
in comparison with the data we analyzed earlier. In paicuh Geng et al.
(2003) we found consistently bigger total amplitudes in/drecontexts. We in-
terpreted this finding in agreement with Munhall et al. (199¢ho observed a
reduction in movement complexity after algorithmic remafethe jaw influence.
This tendency is weaker in this corpus and even reversedoiaker AP. So if
the patterns for the /a/-contexts can at least partly beaegil through a con-
tribution of the jaw forboth consonants, this explanation is not justified for the
large total amplitudes for the palatals observed in theedrdf /uf. If we can-
not attribute these large movements to an influence of thetfeen this pattern
must be attributed to a strong movement component by theitoitgelf. We will
return to this point later. Another quite general obseoratn these plots is that
the movement amplitudesduring the stop, -i.e. the black parts of the bars- are
usually larger for the velar consonants. This holds withekeeption for the /&
and /u/-contexts, where this finding is blurred, most probably tukarge ampli-
tudes aforementioned. Similar observations can be madedalistances traveled
between the stop release and the onset of the second vowel /a/

As a crude method for quantifying tligrectionthe tongue paths travel dur-
ing the closure interval, we weighted the distances themssmisaced in the closure
interval by a “direction coefficient”, which was determinasithe sign function of
the difference between the x-coordinates of the first samiptbe closure inter-
val and the last sample of the closure interval, i.e., negatalues indicate the
tendency to make a movement in backward direction duringctbsure. The
error bars in figure 5 indicate the standard deviations & tdoimposite for the
tongue dorsum sensor. Again, similar results were obtaioethe tongue back
sensor. Note that this is a very gross measure, in partjcalarainly vertical
movement during closure would have the consequence of makensign func-
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Figure 4. Distances the tongue dorsum sensor traveled during thediiarent intervals de-
scribed. The stack bars indicate from bottom to top: firstistevhite, distance traveled during
the first vowel; second stack, black, distance travelednduoral closure; third stack, gray,
distance traveled between stop release and the onset acddbedsvowel; fourth stack, white,
distance traveled during the second vowel. Upper case dieasalax vowels, lower case: tense
vowels.
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Figure 5. Distances the tongue dorsum sensor traveled during thédbere interval weighted
by a direction coefficient. The direction coefficient waseadetined as the sign function of the
difference between the first sample of the closure interudl the last sample of the closure
interval, i.e., a negative value indicates the tendencyakena movement in backward direction
during the closure. Black: Palatals; grey: velars
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tion, which is only based on the horizontal movement in thtenval, relatively
arbitrary. So note that the partially large standard deyiatin these plots under-
lyingly might represent (a) heterogeneity in the true mogahas an expression of
token-to-token-variability or (b) the predominance of atieal component caus-
ing a “noisy” sign function. So we will limit ourselves to thresults which do
not have this uncertainty and exclude the patterns whicle kerge standard de-
viations and values above and below zero. For example, dimsarns the results
for speaker LT in the context of fa As due to the influence of the jaw, a vertical
movement dominates, which results in a noisy sign functrahtaerefore in large
standard deviations.

Following the front vowel /i/ (long and short) and short A#yy little move-
ment was found during the palatal closure. A higher degréerafard movement
occured during the palatal following long /u/ and /a/. Fag tlelar stop move-
ment during closure was consistently largest followinggl@amd short /u/. After
/il two speakers showed almost no movement during /k/ whiadonsistent with
the data on German (Geng et al. 2003) and a relatively largjedmads movement
for speaker AP. Movement directions following long /a/ earinter- and intrain-
dividually (e.g. large standard deviations for speaker. Ofjese results indicate
that the palatal stop is produced close to the constrictoatlon for /i/, therefore
no movement is required during closure.

Figures 6 shows the correlations between the positionsamtia of the
first vowel and the distances traveled during the stops fogue dorsum sensor.
Again, similar tendencies were observed for the tongue backor. The left panel
shows the correlation of distance and x-position and th# pgnel of distance and
y- position. For two out of our three speakers, the correhetifor velar and palatal
articulations have the same sign, i.e. the more anteriosehsor location during
the following vowel, the larger the distance traveled dariine stop closure (left
panels), and, the higher the position of the sensor duriagptleceding vowel,
the smaller the distance traveled during the preceding stépte that for RN
and LT, the correlations between horizontal position amrddistance traveled are
spurious, only the height of the sensor during the precedavgel seems to be
related to the distance traveled during the stop. For onakgpeAP, the sign of
the correlations is reversed for both sensors invlar condition. This reverse in
sign for the velar seems to contradict the results for Genveapresented in Geng
et al. (2003). For the three speakers we presented therachs®gn reversal was
observed’, rather similar patterns to those of the other two speaKetgstudy
were found.

Onote that the vowel environment was richer in this study.
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4 Discussion

The results of this experiment can be summarized as follows:

e Coarticulatory resistance of the palatal stop: Not verynprto vowel-like
influences (a) the palatal itself exhibits a very stable gumétion in compar-
ison to the velar. This stable configuration is similar to iatike shape (b)
the palatal itself exerts an influence on the vowel articotteinasmuch as the
size of the vowel space is shrunk in comparison to vowel sjpeitee context
of the velar stop.

e The initial palatal in the context of the back vowel//gets isolated from the
relatively stable configuration we observed for the renmagjrpalatals.

e Another important finding involves the extremely large aistes the palatal
has to travel in the context of the long//over the whole VCV-sequence.

e For two out of our three speakers, the movement amplitudaeopalatal in
/u{-contextduring closure is among the highest amplitudes altogether.

In the introductory section, we contrasted predictionsualfoe gross coar-
ticulatory variability patterns made by different apprbes: Keating’'s approach
creates its prediction from underspecification at difféeponological or phonetic
levels. This amounts to relatively little sensitivity towel-induced contextual
coarticulation for palatals in contrast to velars if theid&tions we used are the in-
tended ones for the Hungarian language. In contrast, the-82&[: by Recasens,
adapting ideas from the theory of coproduction proposeddwlért, predicts sim-
ilar patterns in the tendency to coarticulate with the voamlironment for both
palatals and velars: It assigns palatals and velars the galmes on the DAC-
scale. On this macro-level, Keating’s approach makes te#scriptions. Here,
the necessity arises to summarize the influences Keatirgyatesork in shap-
ing coarticulatory patterns. These are the following fexztda) production con-
straints, operating both within and across languagesdibiraints deriving from
language-specific phonological structure and (c) langymggcular contraints,
unrelated to production or phonology and therefore unptallie. Farnetani &
Recasens (1999, p.49) claim that cross-consonant diffesegind cross-language
similarities in patterns of coarticulatory resistencedein)specification held con-
stant point to consonant-specific production constrainiaggbeyond language
peculiarities. We found the intial palatal stop in the cahtef /u/ strongly coar-
ticulating with the following vowel. We do not have crossymage data on palatal
stops, but tried to relate this pattern to consonant-sggmibduction constaints:
To meet the objective of a palatal closure, the tongue hasvelta long distance
in the context of /d. These were present in the form of long distances the tongue
back and dorsum were moving. As these cannot be attributéoetanfluence
of the jaw, we interpret them as consonant-specific prodoaonstraints for the
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palatal in back vowel context.

In the light of the data presented in this paper, Recasesgjrasent of the same
DAC-value for palatals and velars is unlikely because (e)ghlatals themselves
are articulated more consistently, and (b) they exert adrigdluence on the neig-
bouring vowel than the velars. For further substantiatingfoding of a higher
DAC value for the palatal we plan to analyse the postcongahgaowel /a/ in the
/CVCal sequences. If our hypothesis is true then the vowshfuld vary with the
preceding medial vowel quality to a greater degree for theras compared to the
palatal. In our view, several reasons could be responsiblthé lack of fit to the
data the DAC exhibits: One reason could lie in a too stronghesis on the idea
of the coupling of articulators neglecting a general atatary movement econ-
omy aiming at the avoidance of long traveling paths. Thishinlge augmented
by Recasens’ preference of the palatographic acquisitiethod, which does not
take into account contacts behind the hard palate and alsements leading to
tongue-palate contact.

A second important claim we elaborated in the introductestisn is that
articulatory velar fronting is a "transparency effect oé thelar with respect to
Backness" and “something that happens gradually over tinse®f the velar” as
stated by Keating. She explicitly refers to Houde (1968)witst observed “slid-
ing” movements over the course of velar consonants. If teskdimg movements
were an effect of surface underspecifications, then thesements should be un-
observable over the course of palatals. This claim was glyatisconfirmed by
our data: The movement amplitudes during the palatalseegsiy in the context
of the vowel /a/- can exceed the amplitudes in velar contéate that these move-
ments, beforehand only observed for the velars and caltegpy’ (see Moosham-
mer et al., 1995), have stimulated a whole research programdech production
as it has been seen as a paradigmatic case for the most wliffefleences si-
multaneously shaping planning of the movement trajectdcgordingly, several
competing explanations were given for the phenomenon: ddyhg patterns are
seen as a passive forward movement of the tongue due tceaimsimechanisms
Kent & Moll (1972) or as a result of an active gesture aiminthatmaintenance of
voicing by Houde (1968), or, synonymously, 'cavity enlarget’ (Ohala, 1983).
Lofgvist & Gracco (2002) to explain looping patterns in mgeneral principles
of motor control, postulating the entire movement to be péghin terms of cost
minimization principles. A recent modelling study by PeryiPayan, Zandipour
and Perkell (2003) emphasizes the role of tongue biomecbtam/e think that
palatal stops can essentially contribute to this reseanagram.

We began the introduction with reference to the mechanibatsnight un-
derlie diachronic velar fronting!. Recasens (1990) argues that the front velar
converges to a back palatal with respect to its articulatanyfiguration. Con-

et us note again here that the Hungarian palatal is protraiiiyhe output of velar fronting.
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cerning this question, the results are ambiguous. Whilepeaker-independent
factor solution and the single factor solution suggest atiradly strict separation
in the shapes of the fronted velar and the palatal, thistgitua ambiguous for
the two other speakers. What we have more robustly, thosdgheichange in the
articulatory configuration for the initial palatal stop imetcontext of /u, which
we interpret as an excess of a threshold of maximum coaaty resistance. So
if the diachronic process of velar palatalization has am@gtory grounding at
all, this grounding could as well be afforded by a bidirectibarticulatory change
of contextual fronting of the velar and contextual backirighe palatal, rather
than unidirectionally triggered by the velar.
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