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Timing Constraints and Coarticulation:
Alveolo-Palatals and Sequences of Alveolar + [j] in Catalan

Daniel Recasens

Haskins Laboratories, New Haven, Conn., USA

Abstract. General articulatory characteristics and V-to-C coarticulatory effects for alve-
olo-palatals [p], [£] versus sequences [nj], [Ij] in Catalan VCV utterances have been meas-
ured at the point of maximum alveolar contact and over time by means of dynamic pala-
tography. Data show that the amount of V-to-C coarticulation in tongue dorsum contact
varies inversely with the duration of the temporal lag between the periods of alveolar clo-
sure and palatal closure. Results support the view that coarticulation is affected by con-
trasting timing constraints on articulatory activity.

Introduction

Phoneticians have characterized alveolo-
palatals [n] and [£] as ‘mouillé’ or palatal-
ized sounds based on a transitory percep-
tual effect of a [j] nature caused by the for-
mation of a narrow dorsopalatal channel at
the release [Sweet, 1877; Grammont, 1933;
Jones, 1956; von Essen, 1957]. Moreover,
they have argued that [n] and [£] contrast
clearly with sequences composed of alveo-
lars [n] and [1] followed by [j], thus, [nj] and
[1jl. Such differentiation has been made on
the following grounds:

(1) The [j] element is more auditorily sa-
lient in sequences than in alveolo-palatals
for speakers of languages that contrast the
two phonetic categories [Rousselot, 1912).

(2) Alveolo-palatals involve more linguo-

palatal contact than sequences [Chlumsky,
1931].

The research reported here investigates
the articulatory basis for these two differen-
tiation criteria in Catalan in the light of
data on articulatory dynamics collected by _
means of dynamic palatography. The use of
dynamic palatography represents an im-
provement in comparison with the use of
static palatography from which those crite-
ria were derived. While dynamic palatogra-
phy allows tracking changes in linguopala-
tal contact over time, static palatography al-
lows only one recording of linguopalatal
contact to be made at any stage of the total
articulatory action. Therefore, it cannot
show at what point in time during the re-
lease of alveolo-palatals versus sequences
the [j] configuration occurs, nor whether
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alveolo-palatals involve more palatal con-
tact than sequences along all the dynamic
stages involved in their articulation or just
at a particular moment in time.

First, this study argues that the articu-
latory differentiation between alveolo-pala-
tals and sequences is brought about primar-
ily by two contrasting timing strategies:
while the periods of alveolar closure and
palatal closure are produced quasi-simul-
taneously for alveolo-palatals, a consider-
able temporal lag occurs between the two
periods for sequences. On the other hand,
contrasting degrees of linguopalatal contact
during alveolar closure and during palatal
closure do not help to differentiate in-
variably between alveolo-palatals and se-
quences. Support for this hypothesis de-
rives from an understanding of the dia-
chronic process of palatalization that
changed Latin clusters composed of alveo-
lar + [j] to alveolo-palatals in Romance lan-
guages: the loss of temporal lag between
alveolar and palatal closures involved, pre-
sumably, an anticipatory raising of tongue
body with respect to tongue tip [Haden,
1938] with consecutive widening of tongue
contact from the alveolar region towards
the palatal area [ Bhat, 1974; Nandris, 1952).

A second purpose of this study is to
show that the contrasting timing strategies
for alveolo-palatals and sequences cause
contrasting coarticulatory effects to occur
at the period of alveolar closure in VCV ut-
terances. In particular, the following hypo-
thesis was tested: the amount of V-to-C co-
articulation in tongue dorsum activity dur-
ing the period of alveolar closure varies in-
versely with the duration of the temporal
lag between alveolar closure and dorsal clo-
sure. The following rationale underlies this
hypothesis. Dorsopalatal [j] is, to a large ex-

tent, resistant to coarticulatory effects from
the surrounding vowels [Lehiste, 1964; Kent
and Moll, 1972; Chafcouloff, 1980; Reca-
sens, 1984] according to the severity of the
constraints imposed upon the tongue dor-
sum in the constriction gesture required for
the production of the consonant. On these
grounds, sequences of alveolar + [} should
show smaller coarticulatory effects than
alveolo-palatals since the [j] configuration
has a more independent status for se-
quences than for alveolo-palatals.

The present study illustrates how dy-
namic palatography can be used to analyze
the temporal aspects of coarticulation in
running speech [see, among other studies
which have taken a similar approach, Wolf
etal., 1976, and Hardcastle and Clark, 1981].
The spatial aspects of coarticulation at the
moment of maximum linguopalatal contact
for alveolo-palatal and alveolar consonants
have been investigated in Recasens [1984].

Method

The artificial palate used in this study contains
63 electrodes evenly distributed over its surface and
allows tracking linguopalatal dynamics over time
(1 frame=15.6 ms). Detailed information about this
palatographic system (Rion Electropalatograph
Model DP-01) is available in Shibata[1968] and Shi-
bata et al. [1978).

The electrodes are arranged in five semicircular
rows; for purposes of data interpretation, they have
been grouped in articulatory regions and sides tak-
ing advantage of their equidistant arrangement in
parallel curved rows on the artificial palate. As
shown in figure 1, the surface of the palate has been
divided into four articulatory regions (alveolar, pre-
palatal, mediopalatal and postpalatal) and two sym-
metrical sides (right and left) by a midsagittal line
traced along the central range of electrodes. This di-
vision criterion established in terms of articulatory
areas on the palatal surface is based on anatomical
grounds ( Catford, 1977).
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Fig.1. Electropalate. (With permission from J.
Phonet. 12: 61-73, 1984, copyright by Academic
Press Inc., London)

General articulatory characteristics and coar-
ticulatory trends were studied for utterances com-
posed of the vowels [i], [a], [u] arranged in all
possible VCV combinations for alveolo-palatals [p],
[4] and sequences [nj], {lj]. Sequences *[Vnji), *[Vlil,
which would collapse with [Vni), [Vli] since they do
not occur in Catalan, were excluded. It was decided
to include sequences composed of V + [n, 1] + [i]
(for V={i], {a}, [u]) since, as for alveolo-palatals and
sequences of alveolar + [j}, they show a tongue dor-
sum raising gesture towards the palatal vault after
the release of the alveolar closure.

A speaker (the author) of Catalan (a Romance
language spoken in Catalonia, Spain) with the artifi-

. cial palate in place recorded all utterances with [n],
[4], [ni] and [1i] 10 times, and those with [njland [1j] 5
times; repetitions were averaged for data interpreta-
tion. They were embedded in a Catalan frame sen-
tence, ‘Sap poc¢” (He knows just a
little).

Differences in the size of linguopalatal contact
and V-to-C coarticulatory effects were analyzed at
the point of maximum alveolar contact (PMCA).
For alveolo-palatals, PMCA happened to be always
the frame in time with the largest amount of on-
electrodes at any time in the VCV utterance (PMCQC).
For sequences of alveolar + [j] and sequences of
alveolar + [i], two possibilities had to be accounted
for:

(1) PMCA coincides with PMC, as for alveolo-
palatals.

(2) PMCA precedes PMC. PMC occurs after the
release of the alveolar closure. PMCA shows less

linguopalatal contact than PMC but still the largest
number of on-electrodes during the period of alveo-
lar closure.

Temporal differences in linguopalatal dynamics
between the periods of closure at the alveolar region
and the palatal region were also analyzed. For this
purpose, alveolo-palatals, sequences of alveolar +
[il and sequences of alveolar + [i] were lined up ac-
cording to the frame that shows maximum linguo-
palatal contact over the surface of the palate,
namely, PMC.

Results
1. Point of Maximum Alveolar Contact

a. Degree of Linguopalatal Contact

Figure 2 shows the linguopalatal config-
uration at PMCA for alveolo-palatals and
sequences of alveolar + [j] in symmetrical
environments, except for *[inji] and *{ilji].
Sequences composed of V + [n, 1] + [i] are
also included for comparison. Tongue con-
tact is represented by the area between the
contour lines and the sides of the palate;
the area where there is no contact is medial
to the contour lines.

To determine the trajectory of each con-
tour line the number of occurrences of lin-
guopalatal contact for each electrode in
each row was averaged across repetitions of
the same utterance. Contour lines connect
averages of contact for electrodes showing
less than an average of 100% of occur-
rences; for this purpose, the distance be-
tween two adjacent electrodes in the same
row in figures 2 through 7 represents an av-
erage of 100% of occurrences across repeti-
tions for the frontmost of the two elec-
trodes. Thus, in figure 2, all repetitions of
[anja] show contact for all electrodes in row
1 (100% of occurrences); in row 3 only the
four backmost electrodes show 100% of oc-
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Fig.2. Linguopalatal patterns at PMCA for alveolo-palatals [n], [£] and sequences [nj}, [lj] in symmetrical
environments, and for sequences [Vni], [V1i]. They have been plotted simultaneously for comparison.
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currences on the right and left sides of the
palate while the preceding electrode shows
209% of occurrences (left side of the palate)
and 80% of occurrences (right side of the
palate); in row 5, no contact was observed
for any electrode in any repetition.

It can be observed that sequences of
alveolar + [j] and alveolo-palatals show
alveolar contact to be more fronted for se-
quences (using the tongue tip for contact)
than for alveolo-palatals (using the tongue
blade for contact). Thus, contact occurs
only at the periphery of the alveolar region
(row 1) for sequences but also in row 2 for
alveolopalatals. Behind the alveolar region,
a larger central cavity all along the midsag-
ittal line is found for sequences versus alve-
olo-palatals, except for the postpalatal area
where linguopalatal contact can be the
same for the two categories (for [anja) ver-
sus [apa] and for [ulju] versus [ufu]) or even
larger for sequences than for alveolo-pala-
tals (for [alja] versus [a£a]). Contact for se-
quences of alveolar + [j] and sequences of
alveolar + [i] is highly similar at all articula-
tory regions: the two show a large alveolo-
prepalatal cavity behind the alveolar clo-
sure and some narrowing of the constric-
tion towards the rear of the palate due to
coarticulation of tongue dorsum activity
with the following palatal articulations [j],
[il. Moreover, lateral airflow occurs through
postpalatal slits at both sides of the palate
for sequences [alja], [ulju], [ali] and [uli], but
through a prepalatal slit on the left side for
[£] (only for V = [u]). (Since no lateral slits
occur for utterances with a lateral conso-
nant in the context [iCi}, it is suggested that
airflow takes place along a lateral channel
between the teeth and the cheeks only.)
Figure 2 also shows that the equivalent [ini],
[ili] of the nonoccurring sequences *[inji],

*[ilji] present, as expected, less contact than
fini), [i4i] all over the palatal surface.

In summary, at PMCA sequences of
alveolar + [j] are produced similarly to se-
quences of alveolar + [i] and present less
linguopalatal contact than alveolo-palatals
when the whole surface of the palate is
taken into consideration. However, this re-
lation does not necessarily hold when each
articulatory region is accounted for sepa-
rately. In particular, the degree of contact at
the rear of the palate can be larger, smaller
or the same for alveolo-palatals versus se-
quences.

b. Coarticulatory Activity

Figure 3 shows the linguopalatal confi-
guration at PMCA separately for alveolo-
palatals and sequences of alveolar + [j] in
symmetrical VCV environments. It allows
the analysis of coarticulatory effects from
the surrounding vowels upon tongue dor-
sum activity at PMCA when VI=V2. The
nonexistent symmetrical sequences *[inji],
*[ilji] have been replaced by [ini], {ili].

For [n], the mediopalatal and postpalatal
passage shows maximal narrowing for high
vowels [i] and [u], and a larger opening for
low vowel [a]; thus, the tongue dorsum ap-
pears to be sensitive to tongue lowering (as
for [a]), but not to tongue backing (as for
[ul) [Recasens, 1984]. For [£], differences in
size of the mediopalatal and postpalatal
passage are found for high front [i] (narrow-
est) and low [a] (largest), high back [u] fall-
ing in between; thus, tongue dorsum place-
ment during the production of [£] appears
to be sensitive to degrees of tongue backing
as well as tongue lowering in the adjacent
vowels [ Recasens, 1984]. For sequences with
[il and [il, very small effects are found
from the surrounding vowels in the degree
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Fig.3. Coarticulatory effects at PMCA for sequences of alveolar [n, 1} + {j, i} (left) and alveolo-palatals

[n], [£] (right) in symmetrical environments.

of contact at the mediopalate and post-
palate.

Therefore, at PMCA tongue dorsum ac-
tivity is far more sensitive for alveclo-pala-
tals than for sequences to changes in articu-
latory configuration caused by the same
surrounding vowels. No direct relationship
occurs between such coarticulatory effects
and differences in degree of contact at the
rear of the palate which can be larger,
smaller or the same for alveolo-palatals ver-
sus sequences of alveolar + [j] (see section
la).

Figures 4 through 7 show coarticulatory
effects at PMCA for alveolo-palatals and
sequences in asymmetrical vocalic environ-
ments. Anticipatory effects (from V2) and
carry-over effects (from V1) in contact size
at the rear of the palate are reported below.

Anticipatory effects in degree of medio-
palatal and postpalatal contact are very
small or nonexistent for the two phonetic
categories. In any case, effects for alveolo-
palatals are larger than effects for se-
quences. Thus, as shown in figure 4, con-
trasting degrees of midsagittal opening are
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Fig.4. Anticipatory effects at PMCA for alveolo-palatals [p] (left) and [£] (right).

found for alveolo-palatals for V2 = [a]
(larger) versus [i], [u] (smaller) when V1 =
[a] (see mid row panels) [Recasens, 1984].
According to figure 5, effects for sequences

with [j] are very small (mainly for utterances
with VI = [i], [u]) and nonsystematic
(mainly for utterances with V1 = [a], for
which, contrary to the general expectations,
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Fig.5. Anticipatory effects at PMCA for sequences [nj] (left) and [lj] (right).

the midsagittal opening at the palatal re-
gion is larger for V2 = [u] versus [a] when C

= (D

Carry-over effects in degree of medio-

palatal and postpalatal contact are found
for alveolo-palatals (fig. 6), more so for [£]
than for [n]: for [n] (left column), a preced-
ing low vowel causes less mediopalatal and
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Fig. 6. Carry-over effects at PMCA for alveolo-palatals [n] (left) and [£] (right).

postpalatal contact than a preceding high
vowel; for [£] (right column), V1-dependent
differences in contact size are found for V1
= [i] (largest contact), [a] (smallest contact)

and [u] (in between) [Recasens, 1984]. For
the two sequence types, namely, alveolar +
(] and alveolar + [i] (fig. 7), carry-over ef-
fects in degree of contact at the rear of the
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Fig.7. Carry-over effects at PMCA for sequences [nj], [ni] (left) and [1j], [li] (right).

palate are generally very small, the contact

being slightly larger for [i] than for [a], [u].
Therefore, at PMCA alveolo-palatals

show larger anticipatory and carry-over ef-

fects in degree of contact at the medio-
palate and postpalate than sequences of
alveolar + [j], which, in their turn, behave
similarly to sequences of alveolar + [i]. As
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for coarticulatory effects in symmetrical
vocalic environments, contrasting coarticu-
latory effects for alveolo-palatals and se-
quences of alveolar + [j] in asymmetrical
vocalic environments are largely independ-
ent of differences in degree of contact at the
rear of the palate which can be larger,
smaller or the same for alveolo-palatals ver-
sus sequences (see section la).

2. Dynamics

Dynamic palatography allows the analy-
sis of the relative timing of alveolar closure
and palatal closure and, thus, the test of the
hypothesis that the interval between them
should be shorter for alveolo-palatals than
for sequences with [j}.

Figures 8 and 9 show linguopalatal dy-
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namics for alveolo-palatals (uppermost the two sides (right and left) showed a

panels) and sequences of alveolar + [j] (mid
panels) in symmetrical environments with
V= [a], [u]. Linguopalatal dynamics for se-
quences [Vni] and [V1i] (lowest panels) have
also been included for comparison. The
line-up point is at PMC. Each panel pro-
vides data on contact for the right side of
the palate at the periphery of the alveolar
region (row 1, fig. 1) versus the central area
of the mediopalatal and postpalatal regions
(row 5, fig. 1) over time in milliseconds (ho-
rizontal axis). Data have been displayed for
one side of the palate only since contact on

highly symmetrical configuration for all ut-
terances under study. Contact data (vertical
axis) are given on an electrode-by-electrode
basis starting from the backmost electrode
(numbered 1 in the figure) up to the front-
most one (numbered 3.5). Thus, the curve
for each time sample represents where the
frontmost electrode was located within the
pertinent row that showed contact. The
electrodes behind this electrode have been
found always to show contact in the data
under discussion. The frontmost electrode
of our artificial palate has been counted as
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.5 since it is placed in the midsagittal plane
(fig. ).

For alveolo-palatals, the peak of alveolar
contact (row 1) and the peak of palatal con-
tact (row 5) are achieved simultaneously at
PMC (as in [upu] of fig. 8), or else (as in
[uhu] of fig. 9), the peak of palatal closure
can be achieved around 15 ms before the
peak of alveolar closure (which is always at
PMC). For sequences of alveolar + [j], the
onset of maximum alveolar closure can oc-
cur between —15 and —45 ms while that of
maximum palatal closure is found between
0 and + 15 ms. While alveolo-palatals show
no temporal lag between the two peaks, a
temporal lag of 15 — 45 ms occurs for se-
quences ([anja] 15 ms, [unju] 30 ms, [alja]
and [ulju] 45 ms). For alveolars followed by
[i], the onset of maximum alveolar closure
occurs between —60 and —95 ms and that of
maximum palatal closure between 0 and
—15 ms. Thus, a temporal lag of 60 — 95 ms
occurs for sequences with [i] (fani] and [uni]
60 ms, [ali] 80 ms, and [uli] 95 ms).

Figures 8 and 9 also provide information
about the degree of contact at the center of
the mediopalate and postpalate associated
with the [j] component. The data show that
the peak of tongue dorsum activity is larger
for sequences with [j] than for alveolo-pala-
tals when laterals and nasals with [a] are
taken into account; however, the opposite
trend is observed for nasals with [u]. Se-
quences with {i}, on the other hand, show a
high peak of tongue dorsum activity in all
environments, analogous to or higher than
that for alveolo-palatals and sequences with
178

In summary, while alveolo-palatals show
nearly simultaneous peaks of alveolar and
palatal contact, sequences show a lag of the
palatal contact, which is larger for se-

quences of alveolar + [i] than for sequences
of alveolar + [j}. Moreover, tongue dorsum
raising activity at the release as indicated by
the peak of palatal contact is greater for se-
quences with [i] than for sequences with j],
and generally but not always larger for se-
quences with {j] than for alveolo-palatals.

Discussion and Conclusions

During alveolar closure in alveolo-pala-
tals, two commands are being actualized:
tongue-blade occlusion and tongue dorsum
raising. As a result of this synergistic activ-
ity, a large degree of contact is obtained
over the entire surface of the palate. The tip
of the tongue is lowered and makes contact
with the low incisors as determined by in-
trospection. During alveolar closure in se-
quences with [j], only one command is actu-
alized: tongue tip occlusion, as indicated by
introspection and by the fact that contact at
the alveolar region for sequences is gener-
ally more fronted than for alveolo-palatals
(see section 1a). The tongue dorsum can be
said to coarticulate with [j], as shown by a
progressive increase in contact towards the
rear of the palatal region, analogously to se-
quences with [i]. The tongue blade shows
contact only at the sides of the palate, thus
leaving a large central cavity at the front of
the palatal region. The degree of contact
turns out to be invariably larger for alveolo-
palatals than for sequences with [j] when
the overall surface of the palate is taken
into consideration, but not necessarily with
respect to each articulatory region taken se-
parately. Thus, as shown in section 1a, con-
tact at the rear of the palate can be larger,
smaller or the same for alveolo-palatals ver-
sus sequences.
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During palatal closure or approxima-
tion, the two consonantal types share an
articulatory command for tongue dorsum
raising. For alveolo-palatals, this command
is actualized together with the command for
tongue blade occlusion; for sequences with
[i], it is actualized by itself at some temporal
lag after alveolar closure. The degree of
dorsal contact at the period of palatal clo-
sure is generally but not always larger for
sequences than for alveolo-palatals. It can
be smaller with [u], an articulation that, as
for the glide component of the sequences,
involves tongue dorsum activity as well.

An interpretation for this set of data sup-
ports the hypothesis that presence versus
absence of a temporal lag between alveolar
closure and palatal closure is a highly syste-
matic characteristic used by the speaker
when actualizing alveolo-palatals versus se-
quences with [j]. Spatial constraints with re-
spect to the degree of linguopalatal contact
can be said to act as secondary articulatory
traits in the task of differentiation between
the two phonetic categories. Thus, the rule
of temporal organization, but not differ-
ences in degree of linguopalatal contact,
helps to differentiate between alveolo-pala-
tals and sequences independent of the qual-
ity of the adjacent vowel. On these grounds,
the formation of alveolo-palatals in Ro-
mance languages from Latin sequences
with [j] can be explained as a result of the
loss of the temporal lag between alveolar
and palatal articulations and, therefore, the
acquisition of a new rule of temporal orga-
nization that generates the two simultane-
ously.

Coarticulation data reported in this
study can be summarized as follows: Alve-
olo-palatals show coarticulatory effects at
the PMCA in symmetrical and asymmetri-

cal vocalic environments; carry-over effects
are larger than anticipatory effects. Coarti-
culatory effects for sequences with [j] are
very small and nonsystematic, analogously
to sequences with [i]. These contrasting co-
articulatory effects can be explained with
reference to the temporal principles in-
volved in the tongue dorsum raising gesture
during the production of alveolo-palatals
versus sequences. Accordingly, less coar-
ticulation for sequences than for alveolo-
palatals indicates that the palatal articula-
tion needs to be less precise when simul-
taneous with alveolar contact (for alveolo-
palatals versus sequences). As a result of
this contrasting articulatory mechanism,
while the temporally independent [j] com-
ponent in sequences blocks effects from V1
and V2, the tongue dorsum during the pro-
duction of alveolo-palatals is freer to coarti-
culate with the surrounding vowels. Pala-
tographic evidence for differences in articu-
latory precision in line with differences in
coarticulatory activity has been reported in
the literature. Thus, Wolf et al. [1976] and
McCutcheon et al. [1980] have shown that
different vowels have little effect on the
minimum groove width at the alveolar and
post-alveolar regions of the palate during
the production of [s]; this finding supports
the view that the tongue tip positioning has
a high degree of precision and consistency
for the production of [s] in different con-
texts [see, also, for cineradiographic evi-
dence, Subtelny et al., 1972). Data reported
here show that requirements on articulatory
precision of tongue dorsum raising for se-
quences of alveolar + [j] versus alveolo-pal-
atals are correlated with differences in arti-
culatory timing between different articula-
tory events (alveolar contact and tongue
dorsum raising); thus, precision increases
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with temporal independence for the [j] com-
ponent. It is believed that this is a good ex-
ample of the use of contrasting principles
of spatiotemporal coordination during the
execution of different articulatory gestures
for purposes of phonological differentia-
tion.
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