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ABSTRACT
This paper reports preliminary experiments describing patterns of linguo-
palatal contact in VCV and VC/j/V sequences analysed using the electro-
palatographic (EPG) technique to study the articulatory nature of Japanese
palatalisation. We examine the articulatory nature of /i/ and /j/ and that of
/n/, /s/, /k/ in the palatalising environments. Of specific interest are the
areas of contact and timing of the dorsum involvement. We assess quali-
tatively the EPG correlates of Japanese palatalisation and its nature is
discussed in the light of the theoretical assumptions made by Articulatory
Phonology. EPG evidence suggests that articulatory blending operates at
the level of the whole gesture (constriction location, degree, and stiffness).
The paper gives support to the account made by Articulatory Phonology,
suggesting that the model provides a good ground for capturing the secon-
dary articulation as a language-specific aspect of articulatory organisation.

1. INTRODUCTION
'Coarticulation' is a widely accepted and variously conceptualised hypothe-
sis that the movements of articulatory organs overlap in time with those of
different articulatory organs or different parts of the same organ. In effect,
sounds are influenced by their phonetic context [1]. The growing interest
in the research paradigm of coarticulation explicitly demonstrates a shift
in focus from characterising speech as a series of static postures to char-
acterising it as a dynamic articulatory process. Coarticulation is first iden-
tified as one research strategy, for explaining phonetic variability, in order
to supplement the postural description of speech. In current research it is
hypothesised that coarticulation is an actual operational system underlying
speech production. This has effectively led to a review of the traditional
explanations based on allophonic rules or phonological rules in the
phonological component, offering new proposals based on organisation of
articulatory gesture or rules in the vocal tract.

In this paper we are concerned with one common secondary articu-
lation of consonantal segments in Japanese, palatalisation. There is fairly
general agreement that palatalisation is a distinctive characteristic in the
sound system of Japanese: Consonants are palatalised before the high
front vowel /i/ and the palatal approximant /j/; palatalised consonants are
phonologically contrastive before nonfront vowels /a, o, u/ where they are
analysed phonemically as /Cj/. The combinations */Cj/+/i/ and */Cj/+/e/
are not permissible in the native and Sino-Japanese lexicon. We can con-
veniently summarise the palatalisation of  /n/, /s/, /k/ as the rewrite rules
below.

(1) /n/ -> [ø]/ ___ /i/ (2) /nj/ -> [ø]/ ___ /a, o, u/
/s/ -> [þ] /sj/ -> [þ]
/k/ -> [kJ] /kj/ -> [kJ]

The rules say that, while the consonant acquires the phonetic feature of /i/
in (1), the preceding consonant and /j/ coalesce into one in (2). Although
the existence of two palatalising environments suggests that there may be

two distinct kinds of palatalisation in the language, the phonetic effects of
/i/ and /j/ upon the target consonant are assumed to be the same in the
segmental specification above. This paradoxical situation drives us to the
question of whether there is any difference in what is characterised as the
same palatal(ised) segment, and also in what is characterised as different
palatalising environments.

Given the coarticulation hypothesis, we can see palatalisation as a
particular use of the tongue. To approach and develop our theme, we must
separate the issue of the articulatory nature of the two palatalising envi-
ronments on the one hand, from that of palatal(ised) consonants on the
other. The latter issue includes how the tongue dorsum raising gesture is
involved in the production of the palatal(ised) segments described by the
same IPA symbols as in the rules (1) and (2).

The pioneering EPG studies of Japanese palatalisation report that
the articulatory gestures for /i/ and /j/ are characteristically different [2, 3],
suggesting that the nature of Japanese palatalisation lies in the [j]-element
of articulatory gesture rather than the [i]-element [3]. However, this ap-
parently contradicts the fact that a consonant becomes palatalised before
the high front vowel. Articulatorily the two palatalising environments are
rather similar in the sense that they involve the tongue dorsum activities. If
similarities, as well as differences, between the two are captured, it may
be more accessible to the proper characterisation of the palatalising envi-
ronment.

Languages may differ in the constriction place for /j/ [4] and it may
correspond to a unique acoustic target of their own [5]. This suggests that
the tongue dorsum raising gesture, to effect palatalisation, varies cross-
linguistically and it is constrained by the phonology of a given language. In
Catalan the dorsum raising gesture for the sequence [nj] is surprisingly
small compared to that for [ø] or the sequence [ni] [6]. This can be ex-
plained by the fact that [ø] has a phonemic status in the language. Thus,
the three-way distinction is made in terms of the magnitude and timing of
the dorsum raising gesture [6]. It is expected that, since Japanese [ø] is an
allophone of /n/ and /nj/, the gesture is actively controlled in two ways
depending on the palatalising environment. The same expectation can be
made for the other (target) consonants.

In the framework of Articulatory Phonology [7, 8] gestures are
events in the vocal tract and abstract phonological entities specified using
a set of tract variables. The relevant tract variables for our discussion are
tongue-tip (TT) and tongue-body (TB), their constriction location (CL),
constriction degree (CD) and stiffness (duration of a gesture). It is hy-
pothesised that /j/ has the same CD and CL as /i/ (a TB [narrow palatal]
gesture), but /j/ differs in having an [increased] value of stiffness [7].
These variables, together with others, form a gesture and gestures are
organised into larger co-ordinative structures. There is a broad distinction
for the oral constriction gestures vocalic and consonantal. The examples in
(1) and (2) are regarded as co-ordination of vocalic and consonantal ges-
tures or articulatory blending of the above variables in the vocal tract. It is
predicted that the CL of two original gestures merges with each other,
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resulting in an intermediate articulation, even though the affected conso-
nant has its unique gestural specifications. The question remains as to the
palatalising effects of /i/ and /j/ hypothesised to have different stiffness.

The aims and objectives of the experiments described here are to
provide some preliminary data on Japanese palatalisation and to examine
the systematic articulatory control underlying it. The specific question to
be explored is how blending of the two palatalising gestures will take
place. It is hypothesised that articulatory blending is not limited to CL but
includes CD and stiffness.

2. EXPERIMENTAL METHODOLOGY
The EPG system used in this study is the Reading system (EPG2 Electro-
palatograph) described in [9]. The tongue-palate contacts are detected by
62 electrodes embedded in the surface of the custom-made artificial pal-
ate. The electrodes are arranged in 8 horizontal rows, which correspond to
anatomical landmarks. The frontmost row has only 6 electrodes and the
other 7 rows have 8 electrodes. The surface of the palate is divided into
four major zones: alveolar (rows 1-2), postalveolar (rows 3-4), palatal
(rows 5-7), and postpalatal (row 8). These zones are based on several
written sources [1, 4, 10] and also are identified in the course of the pres-
ent experiments. This is because the zoning should take account of actual
articulations involved in the production. It is generally taken for granted
that the part of the tongue making a contact against the palate is that
which lies directly under that location, except retroflexes.

Two native speakers of standard Japanese, one male (MN) and one
female (TM), took part in the experiment. General articulatory character-
istics and linguopalatal coarticulation were studied for (i) /i/ and /j/ in the
symmetrical V_V sequences with the nonfront vowels /a, o, u/, and for (ii)
VCV and VC/j/V utterances that include all the possible combinations of
the vowels /i/, /a/, and /u/ and the consonantal phonemes. The speech
items were mostly nonsense disyllabic (two-mora) words. All the target
words were embedded in a frame sentence '/moo ___bakarida/ (There
is/are only ___ now)'. They were written on a series of cards where one
sentence containing one target word was written in the Japanese kana
characters. After more than thirty minutes practising the cards were ran-
domised. The subject then repeated the sentence six times at normal
speed without an accent nucleus on the target word. Five repetitions were
used for the analysis. The EPG and acoustic recording were done in the
Phonetics Laboratory at the School of Oriental and African Studies, Uni-
versity of London.

In this paper data will be reported for (i) the /ViV/ and /VjV/ with
the nonfront vowels /a, o, u/, and for (ii) the /aCi/ and /aCja/ with the
consonants /n/, /s/, and /k/. The palatalising effects are represented by a
contact profile at the maximum point of the closure or narrowing (MAX),
and by articulatory trajectories composed of four contours corresponding
to the four divisions of the palate mentioned above. The MAX point of /s/
is derived from the fricative midpoint with the aid of an acoustic recording
simultaneously made. Both of these representations were averaged over
five repetitions. The Reading EPG2 in this study tracks 302 frames per
second (1 frame = 3.31msec). The time is indicated by the number of
frames over the linguopalatal contacts. Due to space limitations, contact
profiles and articulatory trajectories are presented for one speaker only.
Similar results were obtained from the data of the other informant.

3. RESULTS
3.1.  /i/ and /j/
Figure 1 summarises the contact profiles of /i/ and /j/ in the symmetrical
vowel contexts [a_a], [o_o], and [µ_µ]. The averaged electrode activa-
tion (Elec.Act) is plotted along the ordinate against the abscissa that repre-
sents the EPG rows. It can be seen that the vowel /i/ shows the contact
variation either in the anterior half (rows 1-4) or in the posterior half (rows
5-8) of the palate, depending on the contextual vowels. However, the
approximant /j/ reveals the contextual variation only in the anterior half of
the palate: The posterior contact is relatively stable. Comparing the two
contact profiles, it can be observed that, while both segments are articu-
lated with the tongue mediodorsum raising gesture towards the palatal
region  (rows 5-8), /j/ indicates relatively greater magnitude. The anterior
(peripheral) contact of /i/ extends up to the alveolar region, yet that of /j/
shows no contact at all. In terms of the two-component model of the
tongue, we can say that the dorsum (posterior) component dominates the
(tip/)blade (anterior) in the production of /j/.

Articulatory trajectories of /aia/ and /aja/ are given in Figure 2,
which shows dynamic articulatory movements in each region in terms of
the percentage of on-electrodes averaged over five repetitions of each
target word. The electrode activation (Elec.Act) is put along the ordinate
against the abscissa indicating time in the number of frames. The charac-
teristics in the contact profiles are captured dynamically. The general
trend of the trajectories displays overall similarities between the two target
segments.
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Figure 1 Contact Profiles of /i/ and /j/ in /a_a/, /o_o/ and /u_u/ at the Point of Maximum Contact
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Figure 2 Articulatory Trajectories of /i/ and /j/ in /a_a/

The four contours are ordered like a concentric circle, in which the poste-
rior activities include the anterior ones, reflecting the gestural characteris-
tics. It can be observed that the /j/ trajectories (bottom) are temporally
compressed and the activities in the alveolar region are delimited. The
electrode activation of the postalveolar region at the MAX point (= the 0
frame) is not very different (/i/ = 32.5%, /j/=27.5%), whereas that of the
palatal and postpalatal regions shows the characteristic difference
(/i/=46.7%, 60.0% and /j/=55.0%, 72.5% respectively). The tongue-
palate contact lasts relatively longer for /i/ than for /j/: /i/=264.8msec,
/j/=201.9msec (palatal trajectories are compared).

Both gestures involve the same active articulator (the tongue medio-
dorsum) and CL (rows 5-8). Yet, they differ in their CD and stiffness
(/i/</j/). When compared to /i/, a gesture for /j/ is characterised as the
consonantal gesture that has a greater degree of constriction and a shorter
time constant, than the vocalic gesture.

3.2. Target Consonants in Two Palatalising Environments
3.2.1. Contact Profiles. Three panels in Figure 3 show profiles for the
MAX point of [ø], [þ], and [kJ] and the graphs in each panel compare
coarticulatory effects of /i/ with those of /j/ upon the target consonants. In
the [ø] panel (leftmost) the /ana/ profile is included as a reference.

Evidently there is no substantial divergence between the two profiles
of each target consonant. In spite of the two distinctive conditioning fac-
tors, the profiles of maximum constriction are almost identical. For the
production of [ø] we can say that, with reference to [n], the tongue-palate
contact at the frontmost row is suppressed and this effectively shifts the
point of maximum constriction backwards. It is supposed that, since the
tongue tip is directed downwards during the articulation, the closure is
made mainly by pressing the tongue anterodorsum against the alveolar
and postalveolar regions (rows 2-4). These spatial configurations charac-
terise two [ø]s as an 'alveolopalatal' nasal, rather than a palatal nasal. For
[þ], maximum constriction is formed at the postalveolar region (rows 3-4)
accompanied by the side contacts. In [ø] and [þ] a large contact area over
the surface of the palate is achieved by the extension of the side contacts
towards the mid-sagittal line. For [kJ], complete contact across the back of

the palate (row 8) is made and the side contacts extend further forward to
the  alveolar region (row 2). Since the artificial palate does not cover the
soft palate the examination of constriction at the velar region becomes
inconclusive, particularly in the vowel /a/ context. Even if such a technical
factor is considered, we may say that velic closure is fronted.

3.2.2. Articulatory Trajectories. Figure 4 shows articulatory trajectories
of  [ø], [þ], and [kJ] (left = the /Ci/ series, right = the /Cj/ series). There are
two general tendencies in the data of [ø] and [þ]. One is that the peak of
alveolar contact completely overlaps that of postalveolar one. The other is
that, while in the /i/ context (left top two) the tongue dorsum activity
comes after the (post)alveolar withdrawal is set in motion, in the /j/ con-
text (right top two) the  activity completely synchronises with the tongue
(tip/)blade. There is a temporal lag between the peak of postalveolar
contact and that of palatal contact: 59.58msec in [aøi], 6.62msec in [aøa],
72.82msec in [aþi], and 13.24msec in [aþa]. For both [ø] and [þ], the
interval between the two peaks of the gesture is shorter in the sequence
with /j/. In other words, the /Cj/ sequence displays nearly complete
blending of the two components of the tongue.

In the /k/ and /kj/ trajectories we can find the trace of the two pala-
talising gestures relatively unmodified (see Fig. 2) when we focus on the
postalveolar and palatal trajectories. For /aki/, the maximum palatal con-
striction occurs at the -8 frame, and is relatively steady during and after
complete postpalatal closure (from -17 to +8 frames). For /akja/, the
maximum palatal constriction is attained at the -2 frame during complete
palatal closure (from -18 to +14 frames). Duration of complete closure is
relatively longer for /akja/ (109.23msec) than for /aki/ (86.06msec). This
contrasts with the results of /n/, complete closure of which lasts relatively
longer for /ani/ (49.65msec) than for /anja/ (13.24msec). This suggests
that the result of articulatory blending is different corresponding to the
conflicting and competing demands involved.

4.  CONCLUSION
The observations of contact profiles and articulatory trajectories can be
summarised by three main points: (i) the target consonant at the MAX
point shows the same spatial configuration, regardless of the two palatal-
ising environments; (ii) /i/ and /j/ display their unique palatalising effects
upon the preceding consonant mainly in the temporal domain, reflecting
the inherent articulatory properties; (iii) the affected consonants, particu-
larly /n/ and /k/, demonstrate different results of articulatory blending. It is
reasonable to conclude on the basis of these preliminary results that the
process of articulatory blending operates at the level of the whole gesture,
rather than that of individual tract variables.

If we assume the gestural specification of [narrow palatal] for both
Japanese /i/ and /j/, the different CD observed in the two gestures and the
characteristics in articulatory blending are direct consequences of stiffness.
This gives us a unified account of two kinds of Japanese palatalisation. It
would seem that two palatalising effects can be treated as a single phe-
nomenon at some level of the sound system of Japanese. In traditional
phonetics there is an idea for capturing the phonetic individuality of a
language. It is 'articulatory settings' [11]. Essential in the notion is that
systematic articulatory manoeuvres are language-specifically decided.
This point has a connection with the coarticulation hypothesis and could
be generalised as one language-specific coarticulatory strategy.
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Figure 3 Contact Profiles of the Target Consonants at the Point of Maximum Contact
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Figure 4 Articulatory Trajectories of the Target Consonants
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