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Abstract
Electropalatographic and F2 frequency data in /VlV/ sequences reveal more
prominent C-to-V effects for Catalan dark /l/ than for German clear /l/, more so in the
/i/ context than in the /a/ context, which is in agreement with the existence of high lingual requirements on the formation of two constriction places for dark /l/. German
clear /l/ exerts a similar amount of F2 displacement on both vowels which may be
indicative of the tongue dorsum being directed towards a target position; this is also
suggested by dorsopalatal contact and formant frequency data showing less voweldependent variability than clear /l/ in other languages though more so than Catalan
dark /l/. Salient anticipatory requirements for the implementation of /l/ in the two languages block V1-dependent carryover effects to a large extent which results in more
prominent vocalic anticipation than vocalic carryover. This directionality trend in
vocalic coarticulation is more obvious for Catalan dark /l/ than for German clear /l/ (in
agreement with the former consonantal variety requiring more anticipation than the
latter) and opposes German /l/ to clear /l/ in other languages (i.e., the less constrained
/l/ variety of Spanish may favor vocalic carryover over vocalic anticipation in VCV
sequences).

Introduction
A first goal of this paper is to achieve a thorough understanding of the relative
prominence of the consonantal and vocalic effects in lingual coarticulation in VCV
sequences with consonants specified for different degrees of tongue dorsum involvement in their articulation, i.e., dark /l/ in Catalan and clear /l/ in German. For that purpose, vowel-dependent effects associated with /i/ vs. /a/ at the consonantal period (Vto-C effects) and during the transconsonantal vowel (V-to-V effects) will be evaluated
with reference to consonant-dependent effects during the adjacent vowel (C-to-V
effects). The rationale underlying this research strategy is that the extent to which V1
and V2 influence each other and the intervocalic consonant in a VCV sequence should
be determined by the articulatory requirements for the consonant [Öhman, 1966]. Data
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have been collected for dorsopalatal contact using electropalatography (EPG) and for
F2 which are highly correlated and are known to provide information about tongue
dorsum activity [Fant, 1960; Recasens et al., 1995].
Our position as regards the concept of coarticulation needs to be accounted for. In
this research the term ‘coarticulation’ does not refer to the presence of two simultaneous articulations during the time allocated to a single segmental unit, as it happens for
example in palatalized or velarized consonants [Catford, 1977]. It denotes those
changes in the activity of a single articulator, i.e., the tongue dorsum, during a given
phonetic segment which may be said to be induced by a preceding or a following segment. The view advocated here has been summarized by Fowler and Saltzman [1993]
as follows: ‘coarticulation refers to the fact that at any given point during an utterance,
the influence of gestures associated with several adjacent or near adjacent segments
can generally be observed in the acoustic or articulatory patterns of speech’. Two coarticulation types are identified, i.e., vocalic effects and consonantal effects.
(a) Vocalic effects have been computed using symmetrical and asymmetrical
VCV sequences, i.e., from /i/ vs. /a/ in the sequence pairs /iCi/-/iCa/, /aCi/-/aCa/, /iCi//aCi/ and /iCa/-/aCa/ where each VCV pair includes a changing vowel (/i/ vs. /a/) and
a fixed vowel (/i/ or /a/; e.g., /i/ is the fixed vowel in the /iCi/-/iCa/ pair). Thus, for
example, regarding the sequence pair /iCi/-/iCa/, it seems safe to assume that possible
differences in linguopalatal contact or formant frequency during C and fixed V1 are
caused by changes in V2 [see Farnetani, 1990, as well].
(b) Consonantal effects are measured on /i/ and /a/ in the symmetrical sequences
/iCi/ and /aCa/. In this particular instance coarticulation is characterized by changes in
palatal contact or in formant frequency occurring during the vowel as the consonant is
approached. According to our view of coarticulation the magnitude and duration of the
VC or CV trajectory reflect modifications in the vowel articulatory configuration
induced by the consonantal gesture and thus, may be attributed to the effect of the consonant onto the vowel. C-to-V effects may be anticipatory (C-to-V1) or carryover (Cto-V2), and have been determined with respect to the vowel period which is located
furthest away from the consonant and is thus least affected by it (see ‘Method’ section).
The theoretical framework of this research is the ‘degree of articulatory constraint’ (DAC) model of coarticulation which has been formulated in Recasens et al.
[1997]. According to this model, coarticulatory patterns in VCV sequences are determined to a large extent by the production demands for the intervocalic consonant. Two
central aspects within the DAC framework will be given special attention in this paper,
i.e., the prominence of the consonantal and the vocalic effects, and the relative salience
of the anticipatory and carryover direction of the vocalic and consonantal influences.

1. Prominence of the Consonantal and the Vocalic Effects
The assumption that the prominence of the consonantal and the vocalic effects
changes with the two consonantal varieties of interest (i.e., dark /l/ and clear /l) relies
on the notion ‘articulatory constraint’. An articulator may be said to be subject to a
higher or a lower degree of constraint depending on its involvement in closure or constriction formation. Thus, the tongue appears to be highly constrained for dark /l/
because it participates in the formation of two places of articulation, i.e., a primary
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apicoalveolar closure and a secondary back dorsal constriction; evidence from the literature [Sproat and Fujimura, 1993] indicates that tongue postdorsum retraction and
tongue predorsum lowering for the actualization of the secondary lingual gesture starts
before apical raising for the implementation of the primary lingual gesture. The
tongue dorsum should be less constrained for clear /l/ since it does not intervene in the
execution of an active gesture in this case; it occupies a relatively high position
because of coupling effects with the primary apical articulator [Lindblom, 1983] while
being somewhat lowered for the passage of air through one or two lateral channels
[see, for example, Navarro Tomás, 1917, for Spanish /l/]. Different degrees of tongue
dorsum constraint may be assigned to the vowels under analysis in this study (for /i/
>/a/) depending on whether the dorsum of the tongue is actively involved in the formation of a palatal constriction (for high front /i/) or not (for low back /a/).
In VCV sequences, an increase in the degree of constraint for the consonant
should yield an increase in the prominence of the C-to-V effects and a decrease in the
strength of the V-to-C and V-to-V effects. This coarticulatory pattern may be illustrated with dentoalveolar and palatal consonants. A higher degree of tongue dorsum
constraint for palatal consonants vs. dentoalveolars may explain why palatals exert
more prominent effects on adjacent /a/ than dentoalveolars (i.e., /a/ undergoes more F2
displacement as a function of consonants belonging to the former vs. latter class) and
why dentoalveolars allow more tongue dorsum coarticulation than palatals (data for
Spanish and Catalan reveal large F2 variations for /U/, /#/ and clear /l/ as a function of
/i/ vs. /a/ about 600–1,000 Hz) [Recasens, 1987, 1991b]. Vowels specified for different
degrees of articulatory constraint allow different degrees of consonantal coarticulation: a higher degree of tongue dorsum constraint for /i/ vs. /a/ explains why tongue
dorsum lowering effects on palatal /i/ are less prominent than tongue dorsum raising
effects on low back /a/ [Recasens, 1991a].
Within this framework an analysis of three coarticulation types, i.e., C-to-V, V-toC and V-to-V, should provide information about the relative prominence of the consonantal and the vocalic effects in VCV sequences including the two varieties of /l/ and
the vowels /i/ and /a/. The present study addresses several research topics of interest
related to this issue (see sections 1.1 through 1.3).
1.1 Articulatory Antagonism
A purpose of the present investigation is to test the validity of possible coarticulatory outcomes both for C-to-V coarticulation and for V-to-C coarticulation. In principle, the sequence /ili/ with dark /l/ ought to exhibit consonantal and vocalic effects of
little prominence since the two adjacent phonetic segments are produced with lingual
gestures which are at the same time highly constrained (dark /l/ and /i/ require tongue
dorsum activation) and antagonistic (the tongue dorsum is lowered and backed for
dark /l/ and raised and fronted for /i/); preliminary coarticulation data reported in previous studies suggest however that the consonantal effects override the vocalic effects
in this case presumably because the production of consonants requires more articulatory control than that of vowels. Moreover, C-to-V effects on /i/ in the sequence /ili/
ought to be more prominent for dark /l/ than for clear /l/ if the former consonantal variety is more constrained than the latter; indeed, it has been found that consonant-dependent tongue dorsum lowering during /i/ starts considerably earlier for dark /l/ than for
clear /l/ [Recasens and Farnetani, 1990].
VCV sequences with both consonantal varieties could exhibit similar consonant-
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dependent coarticulatory trends in the context of /a/. This would be so since the tongue
dorsum for this vowel is not highly constrained, and both /a/ and dark /l/ are produced
with predorsum lowering and postdorsum retraction and thus, a similar tongue body
configuration. Articulatory similarity would explain why there is no need to anticipate
or prolong the dorsal activity associated with dark /l/ during preceding or following
/a/, respectively, thus disconfirming the initial expectation that C-to-V effects should
be more prominent for dark /l/ than for clear /l/. This expectation could still hold, however, if active tongue dorsum lowering and backing for dark /l/ causes some tongue
dorsum lowering on low /a/ to occur.
Regarding V-to-C effects the prediction is that dark /l/ should be less sensitive to
vocalic coarticulation from /i/ vs. /a/ than clear /l/ assuming that the degree of tongue
dorsum constraint is higher for the former consonantal variety than for the latter. In
agreement with this prediction it has been found that vowel-dependent differences in
tongue dorsum raising and fronting as a function of /i/ vs. /a/ are less noticeable for
dark /l/ than for clear /l/ [Recasens and Farnetani, 1990].
1.2 The German /l/ Case
Some aspects about vocalic coarticulation were analyzed for German clear /l/ and
for Catalan dark /l/ in two previous papers [Recasens et al., 1995, 1996] using the
same articulatory and acoustic data as in the present study. In comparison to Catalan
/l/, German clear /l/ was found to show more dorsopalatal contact and a higher F2;
also, as expected, German /l/ was reported to block vowel-related tongue dorsum raising to a lesser extent than Catalan /l/, thus exhibiting more dorsopalatal contact in the
sequence /ili/. F2 data on V-to-C coarticulation as a function of /i/ vs. /a/ were not
always in agreement with our expectations: analogously to dark /l/ in other languages,
Catalan dark /l/ allows little vocalic coarticulation (284 Hz); however, coarticulatory
sensitivity is less for clear /l/ in German (i.e., the F2 frequency difference for /l/ in the
sequences /ili/ vs. /ala/ amounts to 318 Hz) than for clear /l/ in languages such as
Spanish or French (400 Hz), with /i/ causing less F2 raising and /a/ causing less F2
lowering for the German variety than for the varieties of /l/ in the other languages. It
could be hypothesized that German /l/ is subjected to coarticulatory effects from the
adjacent vowels because of a high degree of tongue dorsum constraint, i.e., the tongue
dorsum could be required to occupy a target position which would contribute to some
blocking of both the lowering effects exerted by /a/ and the raising effects exerted by
/i/. In agreement with this hypothesis, EPG data reported in our previous studies reveal
that the degree of vowel coarticulation at the alveolar closure location is more
restricted for German clear /l/ than for other apical alveolars such as Catalan /n/ and /U/
(though larger than for Catalan dark /l/), and thus that the tongue front and the tongue
dorsum may be more coupled than expected during the production of the German /l/
variety. Little coarticulatory sensitivity for German /l/ could also be related to vowel
production (in accordance with the tense/lax distinction for German vowels) or to
prosodic structure (in line with German being stress-timed and Spanish or French
being syllable-timed).
An important goal of the present paper is to study the interaction between the
vocalic and the consonantal coarticulatory effects in VCV sequences with German /l/.
If the tongue dorsum for German /l/ is required to occupy a target position, this consonant should exert lowering effects on /i/ (but less so than dark /l/ assuming that dark
varieties of /l/ involve a higher degree of lingual constraint than clear varieties of the
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consonant) and raising effects on /a/ (as pointed out in section 1.1, dark /l/ should exert
either no effects or some tongue dorsum lowering on this vowel); moreover, both /l/
varieties could exhibit similar degrees of resistance to vocalic coarticulation. If not
subjected to strong lingual requirements, German clear /l/ should exhibit a similar
coarticulatory behavior to clear /l/ in other languages (Spanish, Italian, French): it
would exert little C-to-V coarticulation on /i/ and /a/ while being highly sensitive to
vowel-dependent coarticulatory effects, i.e., to effects in tongue raising exerted by /i/
and to effects in tongue lowering exerted by /a/. In these circumstances, a consonantdependent decrease in dorsopalatal contact degree and in F2 during the vowel /i/ could
be related to tongue dorsum lowering associated with laterality (see section 1.1) rather
than with the execution of an active lingual gesture.
1.3 Differences in Darkness and Clarity Degree
It has previously been pointed out that darkness in /l/ may be an articulatory continuum. EPG and acoustic data in Recasens and Farnetani [1990] suggest that different
dialects may assign different degrees of darkness to /l/: in comparison to Catalan /l/,
American English /l/ appears to be produced with less dorsopalatal contact (and thus
more predorsum lowering) and a lower F2 (F2 decreases as the tongue dorsum is lowered and retracted). In the paper under discussion, systematic differences in darkness
degree were also found to occur as a function of syllable position in Catalan with syllable-initial realizations being less dark than syllable-final ones. This finding has
implications for phonetic theory since it suggests that certain articulatory features do
not proceed according to a specific range of values along a dimensional scale and are
thus neither binary (as claimed by generative phonologists) or multivalued [as claimed
by Ladefoged, 1988, for certain dimensions such as vowel height]. A phonological
theory should allow for this possibility if features represent the behavior of speakers
and listeners and their values are meant to be full descriptions of sounds [Ladefoged,
1980].
Within this framework another goal of the present study is to find out whether
speakers of a given language may assign different degrees of darkness or clarity to /l/,
and analyze the implications of such articulatory differences for coarticulation. This
research topic will be investigated for 5 speakers of Catalan (a language exhibiting a
dark variety of /l/) and for 3 speakers of German (a language with a clear variety of
/l/). The prediction is that Catalan speakers with the darkest realizations of /l/ should
exhibit maximal C-to-V coarticulation and vocalic effects of little salience while German speakers with the clearest realizations of the consonant ought to show minimal
C-to-V coarticulation and prominent vocalic effects. An intermediate degree of consonantal and vocalic coarticulation should correspond to speakers with an intermediate
degree of darkness or clarity in /l/.

2. Relative Salience of the Anticipatory and Carryover Effects
The present study is also concerned with the coarticulatory directionality trends
in VCV sequences with Catalan dark /l/ and German clear /l/, i.e., whether coarticulatory effects in those sequences give preference to the anticipatory direction (i.e., rightto-left) or to the carryover direction (i.e., left-to-right). In VCV sequences, anticipatory and carryover effects for the consonant occur along the adjacent vowels (i.e.,
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C-to-V1 anticipation before closure onset and C-to-V2 carryover after closure offset);
vocalic anticipatory effects, on the other hand, may take place during the preceding
consonant (V2-to-C anticipation) and even reach the preceding transconsonantal
vowel (V2-to-V1 anticipation) while vocalic carryover effects may extend to the following consonant (V1-to-C carryover) and to the following transconsonantal vowel
(V1-to-V2 carryover).
Within the scope of section 1, it should be the case that the prominence of the
vocalic effects in a given coarticulatory direction ought to be severely conditioned by
the strength of the consonant effects acting along the same temporal domain. Our
hypothesis is that, if the prominence of the vocalic effects is inversely related to that of
the consonantal effects, the salience of the vocalic anticipatory component ought to
depend inversely on the salience of the consonantal carryover component (since the
two coarticulatory types ‘come across’ one another) and the prominence of the vocalic
carryover effects should vary inversely with the prominence of the consonantal anticipatory effects. More specifically, vocalic anticipation ought to decrease as the consonantal carryover component becomes more prominent (i.e., the more the lingual gesture for the consonant carries over to the following vowel, the less the lingual activity
associated with this vowel will be anticipated over time); on the other hand, an
increase in consonantal anticipation should cause a decrease in vocalic carryover (i.e.,
the more the gestural activity for the consonant is anticipated during the preceding
vowel, the more it blocks the carryover component associated with the V1 gesture).
Preliminary data in support of the general hypothesis formulated in the preceding
paragraph has been presented in Recasens et al. [1997]. On the one hand, consonants
such as alveolopalatal /&/ appear to favor the carryover over the anticipatory direction
for the vocalic effects (salient C-to-V carryover effects in this case are associated with
tongue dorsum lowering proceeding quite slowly at the release of /&/ presumably
because of the mechanico-inertial constraints involved). On the other hand, consonants
such as dark /l/ were found to allow more prominent vocalic anticipatory effects than
vocalic carryover effects (a prominent consonant-related anticipatory component in this
case is associated with tongue dorsum lowering for the implementation of velarization).
An important goal of the present study is to investigate the directionality pattern
of consonantal and vocalic coarticulation for the two varieties of /l/ within the theoretical framework summarized above. It will be checked whether the overall picture for
dark /l/ holds when data for several individual speakers are taken into consideration.
Moreover it is hypothesized that C-to-V effects for clear /l/ ought to be more prominent at the anticipatory vs. carryover level in line with this consonantal variety involving little or no tongue dorsum raising and thus not being subjected to considerable
mechanico-inertial constraints (a prominent anticipatory component in this case could
be associated with the raising of the apical articulator and/or some tongue dorsum
lowering for the implementation of laterality). Thirdly, a more obvious need to anticipate dark /l/ than clear /l/ should result in less prominent vocalic carryover effects in
VCV sequences with the former vs. latter variety of /l/. Finally, if the German variety
of /l/ is specially constrained, both consonantal and vocalic anticipatory effects should
be more prominent in VCV sequences with this consonantal variety than in those with
clear /l/ in other languages in agreement with this assumption, vocalic effects in VCV
sequences with Spanish /l/ were found to be larger and longer at the carryover vs.
anticipatory level; Recasens, 1987.
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II. Method
Data on F2 frequency and on linguopalatal contact were collected for the sequences /ili/ and
/ala/ (symmetrical) and /ila/ and /ali/ (asymmetrical). All VCV sequences with stress on the first
vowel were repeated 5 times each by 5 male speakers of Eastern Catalan and by 3 male speakers of
German; a native speaker supervised the recording sessions, and auditory controls of the data recordings revealed no major anomalies in vowel or consonantal quality. In Catalan, unstressed /a/ is realized as [˜], and realizations of German /i/ corresponded to the tense vowel variety (as in bieten); judging from auditory impressions, the phonetic quality of /i/ and /a/ was similar in Catalan and German
[also Delattre, 1965; Recasens et al., 1995].
The presence of dark /l/ is quite general in Eastern Catalan (although very young speakers may
favour a less dark realization of the consonant) and auditory perception reveals indeed the existence
of a dark realization of /l/ for the Catalan speakers analyzed in this paper. As indicated in Recasens et
al. [1996], those speakers can be classified according to darkness degree in their /l/ productions in a
progression ranging from the speaker exhibiting the darkest realization (and thus the lowest F2) up to
the speaker showing the least dark realization (and thus the highest F2). Catalan speakers were thus
ordered as follows: CAT1 (with an F2 value of 1,274 Hz), CAT2 (1,282 Hz), CAT3 (1,289 Hz), CAT4
(1,444 Hz), CAT5 (1,455 Hz). The clarity scale for German /l/ proceeds from the speaker with the
lowest F2 (and thus the least clear realization) to the speaker with the highest F2 (and thus the clearest realization), i.e., GER1 (with an F2 value of 1,568 Hz), GER2 (1,795 Hz), GER3 (1,914 Hz).
Speakers GER1 and GER2 were born in dialectal areas known to have a clear variety of /l/ (Bavaria
and Swabia) and this was indeed the auditory impression of their realizations; speaker GER3, on the
other hand, exhibits a distinctively clear realization of the consonant in spite of having been born in
the Rhineland, a geographical zone reported to favor a dark variety of /l/ [see Kohler, 1995 for details
about the dialectal distribution of the two varieties of /l/ in German].
Linguopalatal contact data were gathered in 10-ms steps with an artifical palate equipped with
62 electrodes (Reading electropalatographic system) [Hardcastle et al., 1989]. EPG data reported in
this paper refer to the percentage of activated electrodes at the palatal zone which is positively correlated with F21; this contact index will be referred to as Qp. The acoustic data were recorded at a
20-hz sampling rate. For all VCV sequences, F2 was measured in 10-ms steps (as for Qp) using LPC
(25-ms Hamming window, 12 coefficients). Consonantal boundaries were determined using an EPG
criterion, i.e., from onset to offset of central alveolar closure.
C-to-V coarticulatory effects were analyzed separately for the symmetrical sequences /ili/ and
/ala/. F2 measurements for each symmetrical sequence were obtained in successive 10-ms steps
before closure onset during V1 and after closure offset during V2. The resulting values were compared statistically at each temporal point (one-way ANOVAs, Scheffé) with the mean F2 values for
steady-state V1 and for steady-state V2. Steady-state vowel values were established at the highest Qp
and F2 for /i/ and at the lowest Qp and F2 for /a/ starting at V1 midpoint backwards and at two thirds
of V2 onwards; the selection of a different measurement criterion for V1 and V2 is justified by the
fact that the latter vowel was longer than the former. The last significant difference in the statistical
analysis (p<0.05) was taken to be the onset of the consonant-dependent anticipatory effect (i.e., the
earliest significant point in time during V1) or the offset of the consonant-dependent carryover effect
(i.e., the latest significant point in time during V2). Data on the extent of C-to-V coarticulation
reported in this study refer to the mean onset and offset times of the significant C-to-V anticipatory
and carryover effects, respectively. As indicated in the ‘Introduction’ section, the temporal extent of
these consonantal effects represents essentially the extent of the so-called vowel formant transitions
and corresponds to the duration of articulatory movement from the vowel towards the consonant and
vice versa. The largest Qp or F2 frequency difference during the temporal span of each C-to-V effect

1
Dorsopalatal contact and F2 were correlated at the consonantal midpoint in the sequences /iCi/ and /aCa/ for
seven Catalan consonants and 5 speakers [Recasens et al., 1995]. High positive correlations were found across consonants and speakers as well as across consonants for a given speaker. This finding is consistent with data collected
with vocal tract analogues indicating an increase in F2 frequency with a decrease in dorsopalatal constriction width
[Stevens and House, 1955; Fant, 1960; Gay et al., 1991].
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a

b

Fig. 1. Diagram illustrating the paired comparison for the investigation of the C-to-V and V-toV coarticulatory effects at the anticipatory level (a) and at the carryover level (b). Data correspond to
VCV sequences with dark /l/ uttered by the Catalan speaker CAT3.

(i.e., of each vowel transition) is taken to be the size of the effect. C-to-V size effects can be negative
or positive depending on whether the consonant causes some decrease or some increase in dorsopalatal contact or F2 frequency with respect to the corresponding value for the steady-state vowel.
Size effects reported in this paper correspond to averages across repetitions and speakers for each
symmetrical VCV sequence.
Vowel-dependent coarticulatory effects associated with /i/ vs. /a/ were measured for the
sequence pairs /ili/-/ila/ (anticipation, fixed /i/), /ili/-/ali/ (carryover, fixed /i/), /ali/-/ala/ (anticipation,
fixed /a/) and /ila/-/ala/ (Carryover, fixed /a/). V-to-C and V-to-V effects are always positive and occur
when the Qp or F2 value is higher for /i/ than for /a/.
V-to-C effects reported in this paper were analyzed at closure midpoint, i.e., halfway between
onset and offset of the central alveolar contact period. They correspond to averages across voweldependent differences for each speaker; negative values were equated to zero in this averaging procedure. These vowel-dependent differences were submitted to one-way ANOVAs (Scheffé, p <0.05) for
each pair of VCV sequences and for each speaker independently with vowel context as the independent variable.
As in the case of the analysis of the C-toV effects, V-to-V effects in Qp and F2 were measured
in 10-ms steps during the fixed transconsonantal vowel, i.e., from closure onset back to V1 onset (V2to-V1 anticipation) and from closure offset until V2 offset (V1-to-V2 carryover). Vowel-dependent
differences at each temporal point were submitted to one-way ANOVAs (Scheffé, p <0.05) for each
speaker independently. Analogously to the C-to-V effects, the last significant difference during V1
was taken to be the onset of vocalic coarticulation (i.e., the earliest significant difference) and that
during V2 was taken to be the offset of vocalic carryover (i.e., the latest significant difference); V-toV temporal coarticulation data in this paper refer to the mean onset and offset times across speakers.
The largest significant Qp and F2 frequency difference during the time span of each V-to-V effect is
taken to be the size of the effect; when the largest difference was not significant the size of a V-to-V
effect was taken at the first temporal frame showing the expected coarticulatory difference. V-to-V
size effects in this paper correspond to averages across speakers.
Figure 1 gives a schematic representation of the paired comparisons carried out for the analysis
of some of the consonantal and vocalic effects. A comparison between the straight line for steadystate /i/ and the F2 trajectory for /ili/ allows measuring the size and temporal extent of the C-to-V
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a

b

Fig. 2. Consonant-dependent (C-to-V) effects in size (a) and in temporal extent (b) in the
sequence /ili/ for Catalan dark /l/ and for German clear /l/. Effects have been computed for Qp (in percentage of activated electrodes at the palatal zone) and F2 (in Hz), and for the anticipatory direction
(dotted bars) and the carryover direction (black bars). Data for the individual speakers have been
ordered according to the degree of /l/ darkness (from the least dark realization to the darkest one, i.e.,
CAT1, CAT2, CAT3, CAT4, CAT5) and to the degree of /l/ clarity (from the least clear realization to
the most clear one, i.e., GER1, GER2, GER3).

anticipatory effects (fig.1a) and C-to-V carryover effects (fig.1b) following the criteria summarized
in this section; thus, while the two directionality effects last for a similar time (i.e., 50 and 60 ms), the
size of C-to-V anticipation exceeds that of C-to-V carryover (i.e., -758 vs. -351 Hz). On the other
hand, the vocalic coarticulatory trends may be studied through a comparison between the F2 trajectories for /ila/ and /ili/ (anticipatory, fig. 1a) and for /ali/ and /ili/ (carryover, fig. 1b); in this particular
case, there is some vocalic anticipation (30 ms, 197 Hz) but no vocalic carryover.
In this paper size effects will be referred to as ‘large’ or ‘small’ and temporal effects will be
characterized as ‘long’ or ‘short’. The absence of electrode activation during the production of /a/
explains why coarticulatory effects in dorsopalatal contact have not been presented in some cases in
the ‘Results’ section, i.e., C-to-V effects for all speakers and V-to-V effects for speakers GER1 and
GER3.
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III. Results

1. Prominence of the Consonantal and Vocalic Effects
1.1 /i/ Context Condition
The consonantal effects exerted by the two /l/ varieties are presented in figure 2.
Coarticulatory data in the two graphs of figure 2a reveal the presence of equally long
Qp bars (top) and F2 bars (bottom) and thus, similar C-to-V size effects in Qp and F2,
which is consistent with dorsopalatal contact degree and F2 frequency being positively
correlated (see ‘Introduction’ section). Effects are negative in both languages (except
for small positive anticipatory effects in Qp for GER3), meaning that the consonant
causes the tongue dorsum for /i/ to lower and retract. As predicted, C-to-V effects in
both graphs are larger in Catalan than in German which is in agreement with the production of dark /l/ involving more tongue dorsum lowering and retraction than the production of clear /l/. A comparison across bars in each graph indicates that speakerdependent differences in C-to-V coarticulation accord quite well with differences in
degree of darkness or clarity in the consonant: among Catalan speakers, those exhibiting the darkest realizations (i.e., CAT1, CAT2) exhibit larger C-to-V effects than those
with the least dark realizations (i.e., CAT4, CAT5); among German speakers, the size
of C-to-V coarticulation decreases as the realization of /l/ becomes clearer (e.g., for
GER1 vs. GER3). C-to-V effects in temporal extent in Qp and F2 (fig. 2b) are similar
to the C-to-V size effects described above. The presence of longer Qp anticipatory
effects (dotted bars) and of longer F2 anticipatory and carryover effects (dotted and
black bars, respectively) for the Catalan vs. German speakers is consistent with dark /l/
being produced with a more salient lingual gesture than clear /l/ in the /i/ context condition. C-to-V temporal effects in Qp at the carryover level (black bars) do not conform to a clear language-dependent trend.
The objection can be raised that temporal differences in C-to-V coarticulation for the two varieties of /l/ reported in this paper do not reflect real differences in timing but follow necessarily from
differences in spatial extent of consonant-related articulatory movement. In other words, a comparison between formant or contact trajectories and vowel steady-state values may have yielded significant C-to-V effects at an earlier point in time in VCV sequences with Catalan /l/ than with German /l/,
since dark /l/ requires a more extensive tongue dorsum movement than clear /l/. There are reasons,
however, to assume that significant temporal differences reported in this paper reflect true differences
in articulatory timing. The fact that our computations have been carried out with several repetitions of
each VCV sequence ensures that any significant difference between two trajectories at any point in
time should be largely independent of the size of the difference. Moreover it makes sense to assume
that more extensive movements take more time to be implemented high correlations between size and
temporal extent of C-to-V coarticulation were found to occur across seven consonants in Recasens et
al., 1997.

Vocalic effects in VCV sequences with the two consonantal types are shown in
figure 3. According to the upper graphs of the figure, Qp data generally reveal the

Fig. 3. Vowel-dependent effects in the sequence pairs /ili/-/ila/ (anticipatory) and /ili/-/ali/ (carryover). Data on Qp and F2 effects in V-to-C size (a), V-to-V size (b) and V-to-V temporal extent (c)
are given separately for Catalan dark /l/ and for German clear /l/. See figure 1 for details.
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CAT1
CAT2
CAT3
CAT4
CAT5
GER1
GER2
GER3
CAT1
CAT2
CAT3
CAT4
CAT5
GER1
GER2
GER3

– 26.25
– 27.50
– 30.00
– 27.50
– 26.88
– 13.44
– 16.25
– 4.38
–763
–811
–758
–699
–629
–622
–224
–131

60
60
40
50
50
30
40
0
70
80
50
70
50
30
50
0

– 35.63
– 21.88
– 18.75
– 13.13
– 21.25
– 13.44
– 16.25
– 7.50
–841
–736
–351
–393
–393
–293
–156
–177

60
80
30
20
80
70
50
40
70
80
60
40
90
20
20
30

9.38*
20.00*
7.50*
6.88
23.13*
23.13*
26.88*
31.25*
250*
124*
231*
189*
172*
0
230*
247*

3.75
15.63*
8.75*
15.00*
23.75*
27.50*
20.00*
24.38*
61
78
108*
129*
58
0
203*
52

size

carryover

V-to-V

3.13
8.13
3.75
0.63
16.88
13.44
11.25
9.38
175
35
197
26
160
98
97
210

size

anticipatory

0.00
0.00
0.00
0.00
70.00
40.00
30.00
10.00
10
0
30
0
20
0
10
10

time

0.00
3.75
0.00
5.00
11.88
11.56
12.50
3.75
265
0
0
102
23
187
32
0

size

carryover

0.00
0.00
0.00
0.00
10.00
60.00
10.00
20.00
50
0
0
0
0
40
0
0

time

*Data are given separately for the C-to-V, V-to-C and V-to-V effects in size and temporal extent at the anticipatory and carryover levels. Size effects are given in percentage of electrode activation at the palatal zone (Qp) and in hertz (F2); temporal effects are given in milliseconds. C-to-V effects can be positive or negative, i.e., the consonant contributes to a raising or lowering of the Qp value or F2 frequency for the vowel. An asterisk is appended to the significant V-to-C size differences.

F2

Qp

size

size

time

size

anticipatory
time

V-to-C
anticipatory

carryover

C-to-V

Table 1. Mean Qp and F2 coarticulation values for dark /l/ (five Catalan speakers CAT1, CAT2, CAT3, CAT4, CAT5) and for clear /l/ (three German
speakers GER1, GER2, GER3) in the /i/ context condition

a

b

Fig. 4. Consonant-dependent (C-to-V) effects in size (a) and in temporal extent (b) in the
sequence /ala/ for Catalan dark /l/ and for German clear /l/. See figure 1 for details.

presence of larger V-to-C and V-to-V size effects (fig. 3a and b, respectively) and
longer V-to-V temporal effects (fig. 3c) in German than in Catalan. This languagedependent difference occurs both at the anticiptory level and at the carryover level;
moreover, V-to-C size effects were found to be often significant in both languages but
more so in German than in Catalan (table 1). The figure also shows that vowel-dependent temporal effects are absent for all Catalan speakers but for the speaker exhibiting
the least dark realization of /l/ (CAT5). Moreover there is a trend for the V-to-C size
effects to increase with a decrease in /l/ darkness across the five Catalan speakers (i.e.,
as we move from speaker CAT1 to speaker CAT5), and for V-to-C size effects at the
anticipatory level to increase with an increase in /l/ clarity degree across the three German speakers (i.e., as we move from speaker GER1 to speaker GER3). Languagedependent coarticulatory differences are usually not available for the vowel-dependent
effects in F2 (bottom graphs). V-to-V temporal effects in F2 are short and scattered
among speakers of both languages.
1.2 /a/ Context Condition
As indicated in the ‘Method’ section, there are no Qp data on C-to-V coarticulation in the /a/ context condition. C-to-V effects in F2 size in the /a/ context (fig. 4a) are
equally large in Catalan and German (i.e., less than 300 Hz), and always negative in
the former language and always positive in the latter. Such language-dependent differences suggest that, in comparison to dark /l/, clear /l/ causes /a/ to exhibit a higher
tongue dorsum position and less tongue dorsum retraction. Figure 4a also shows a
trend for the C-to-V size effects on /a/ to increase as /l/ becomes darker across the
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Catalan speakers (i.e., as we move from speaker CAT5 to speaker CAT1). A comparison between figure 4 and figure 2 reveals the presence of smaller C-to-V size effects
on /a/ than on /i/ in Catalan which follows from the tongue dorsum configuration for
dark /l/ being more similar to that for a low vowel than to that for a high vowel (i.e., a
closer articulatory configuration between dark /l/ and /a/ vs. /i/ explains the existence
of less consonant-dependent lingual displacement during the former vs. latter vowel
context); on the other hand, German clear/l/causes a similar amount of F2 displacement on /i/ (negative; fig. 2) and on /a/ (positive; fig. 4), which may mean that this consonantal variety is produced with an intermediate configuration between that for those
two vowels.
C-to-V anticipatory effects in F2 temporal extent in figure 4b may be somewhat
longer for German clear /l/ than for Catalan dark /l/, which differs from the situation in
the /i/ context where C-to-V anticipatory effects were reported to be longer in Catalan
than in German (see section 1.1). These language-dependent differences in temporal
coarticulation in the /a/ context condition may be related to the tongue dorsum position involved in the production of the two /l/ types with respect to that for the low
vowel: assuming that the tongue dorsum position for /l/ is higher than that for /a/ in
German but slightly lower in Catalan, it is expected that tongue dorsum raising in
anticipation to German /l/ during preceding /a/ should take some more time to be completed than tongue dorsum lowering in anticipation to Catalan dark /l/ during the same
preceding vowel. It should be noticed that the German speaker with the clearest realization of /l/ (GER3) is also the one exhibiting the longest C-to-V effects.
Vocalic effects in the fixed /a/ context condition are presented in figure 5 (as
pointed out in the ‘Method’ section, no Qp data on V-to-V size and temporal coarticulation are available for speakers GER1 and GER3). Analogously to the Qp data on
vocalic coarticulation in the /i/ condition, Qp and F2 data on vocalic coarticulation in
the /a/ condition in figure 5 show the existence of larger V-to-C and V-to-V size effects
in German than in Catalan. Moreover, V-to-C effects in Qp for German /l/ are more
often significant than those for Catalan /l/ (table 2). Qp and F2 data on V-to-V temporal coarticulation do not exhibit a clear language-dependent pattern though F2 temporal effects may agree with the vocalic size effects in being longer for German than for
Catalan at the carryover level.
1.3 Interaction between the Consonantal and the Vocalic Effects
The purpose of this section is to summarize the findings reported in sections 1.1
and 1.2 while focusing on the salience of the vocalic coarticulatory effects as a function of the prominence of the consonantal coarticulatory effects (see section 1 in the
‘Introduction’). As predicted, coarticulatory trends in Qp in the fixed /i/ context summarized in section 1.1 (also fig. 2, 3) show an inverse relationship between the prominence of the consonantal effects and that of the vocalic effects. This trend applies most
clearly to the size effects as a function of language and speaker: in comparison to German, Catalan exhibits larger C-to-V effects and smaller V-to-C and V-to-V effects;
within each language group, speakers exhibiting larger consonantal effects tend to

Fig. 5. Vowel-dependent effects in the sequence pairs /ali/-/ala/ (anticipatory) and /ila/-/ala/
(carryover). Effects in V-to-C size (a), V-to-V size (b) and V-to-V temporal extent (c) are represented
for Catalan dark /l/ and for German clear /l/. See figure 1 for details.
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F2

CAT1
CAT2
CAT3
CAT4
CAT5
GER1
GER2
GER3
CAT1
CAT2
CAT3
CAT4
CAT5
GER1
GER2
GER3

–
–
–
–
–
–
–
–
–261
–243
–210
– 32
–189
–266
–105
–260

*See table 1 for details.

Qp

–
–
–
–
–
–
–
–
60
70
50
0
80
80
70
110

–
–
–
–
–
–
–
–
–276
–254
–196
–137
–117
–174
–130
–181

–
–
–
–
–
–
–
–
40
40
30
40
50
40
40
90

6.88*
5.00
5.63*
0.00
10.00*
2.50
18.13*
22.50*
218*
144*
190*
166*
269*
185*
346*
247*

size

size

time

size

anticipatory
time

V-to-C
anticipatory

carryover

C-to-V

1.25
0.63
6.88*
4.38
10.63*
6.88*
11.25*
15.63*
29
98*
66
106*
155*
118*
320*
52

size

carryover

0.63
0.00
4.69
0.63
0.47
–
11.25
–
78
79
131
77
132
145
216
138

size

anticipatory

V-to-V

0
0
110
0
0
–
100
–
0
40
100
40
80
70
40
70

time

0.00
1.88
6.25
0.63
6.09
–
4.38
–
0
54
28
0
64
151
195
23

size

carryover

0
0
40
0
10
–
0
–
0
0
0
0
30
90
120
0

time

Table 2. Mean Qp and F2 coarticulation values for dark /l/ (five Catalan speakers CAT1, CAT2, CAT3, CAT4, CAT5) and for clear /l/ (three German
speakers GER1, GER2, GER3) in the /a/ context condition

a

b

Fig. 6. Differences between the C-to-V carryover and anticipatory effects in size (a) and temporal extent (b) for Catalan dark /l/ and for German clear /l/ in the /i/ context condition. Differences
are given for Qp (in percentage of activated electrodes at the palatal zone) and for F2 (in Hz). Data for
the individual speakers have been ordered according to degree of /l/ darkness (from the least dark
realization to the darkest one, i.e., CAT1, CAT2, CAT3, CAT4, CAT5) and to degree of /l/ clarity
(from the least clear realization to the clearest, i.e., GER1, GER2, GER3). Negative values indicate
prevalence of anticipation over carryover and positive values the opposite trend.

allow lesser vocalic coarticulation while those exhibiting smaller consonantal effects
do show larger vocalic effects. An inverse relationship between consonantal and
vocalic coarticulation was also found to occur for the temporal anticipatory effects in
Qp: C-to-V anticipatory effects in Qp are longer in Catalan vs. German while V-to-V
anticipatory effects in Qp are shorter in the former language vs. the latter. Regarding
F2, no inverse relationship holds between the consonantal effects (which conform to a
similar language-dependent pattern to the consonantal effects in Qp) and the vocalic
effects (which may be quite small and short, and asystematic).
Language-dependent data in the fixed /a/ context presented in section 1.2 (also
fig. 4, 5) are in agreement with the initial hypothesis that dark /l/ should be more resis-
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tant to vowel-dependent coarticulatory effects than clear /l/ This is so in spite of the
two consonantal varieties exerting comparable amounts of C-to-V coarticulation in
size and temporal extent on /a/. It can thus be suggested for this particular vowel environment that tongue dorsum raising associated with German /l/ does not block vocalic
coarticulation to the same extent as a comparable amount of tongue dorsum lowering
for Catalan /l/ does.

2. Coarticulatory Directionality
In order to investigate the relative salience of the two directionality components,
i.e., whether anticipatory coarticulation is more or less salient than carryover coarticulation, the carryover effects were subtracted from the anticipatory effects separately
for the C-to-V, V-to-C and V-to-V effects in size and temporal extent and for each
speaker. Results have been displayed in figures 6–9 where a negative value indicates
prevalence of anticipation over carryover and a positive value indicates the opposite
relationship. Thus, for example, a negative bar in the case of the C-to-V size effects in
Qp and F2 for speaker CAT3 in figure 6 indicates that such effects are larger at the
anticipatory vs. carryover level (by 11.25% for Qp and by 407 Hz for F2); on the other
hand, a positive bar for the C-to-V size effects in Qp and F2 for speaker CAT 1 in the
same figure means that those effects are larger at the carryover vs. anticipatory level
(by 9.38% for Qp and by 78 Hz for F2).
2.1 /i/ Context Condition
According to figure 6, C-to-V size effects in Qp and F2 are larger at the anticipatory level than at the carryover level for all Catalan speakers except for CAT1; bars for
speakers CAT2 through CAT5 in the left graphs of the figure show indeed negative
value, which indicates that the anticipatory direction prevails upon the carryover direction. It can also be seen that the salience of the anticipatory component for the Qp and
F2 size effects increases with the degree of /l/ darkness; thus, speakers CAT3, CAT4 and
CAT5 favour C-to-V anticipation to a larger extent than speakers CAT1 and CAT2. On
the other hand, German speakers do not clearly favour the anticipatory or the carryover
direction for the Qp size effects while two of them give priority to the anticipatory over
the carryover component for the F2 size effects (speakers GER1 and less so GER2).
Overall, anticipatory trends in C-to-V size coarticulation appear to be more prominent
in Catalan than in German. C-to-V temporal effects in Qp and F2 (displayed in the
graphs of fig. 6b) show no clear language-dependent coarticulatory direction when taken
into account simultaneously (though it could be argued that German favours the carryover over the anticiptory direction in the case of the Qp temporal effects).
According to the Qp and F2 coarticulation data in figure 7, V-to-C and V-to-V
size effects (fig. 7a, b) favour the anticipatory component rather than the carryover
component in Catalan. This trend is specially clear for the V-to-C size effects in F2
(according to table 1, anticipatory effects in this case are often significant) and for the

Fig. 7. Differences between the carryover and anticipatory effects in V-to-C size (a), V-to-V
size (b) and V-to-V temporal extent (c) for Catalan dark /l/ and German clear /l/ in the fixed /i/ context condition. See figure 5 for details.
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a

b

Fig. 8. Differences between the C-to-V carryover and anticipatory effects in size (a) and temporal extent (b) for Catalan dark /l/ and for German clear /l/ in the /a/ context condition. See figure 5
for details.

V-to-V size effects in Qp. Regarding German, vocalic size effects in Qp and F2 also
give some more weight to the anticipatory vs. carryover direction for two speakers
(mostly GER2 and GER3). V-to-V temporal effects (fig. 7c) show no obvious pattern
in coarticulation directionality for any of the languages under analysis.
2.2 /a/ Context Condition
According to F2 data on Catalan in figure 8a, C-to-V size effects in the /a/ context
condition favour no particular coarticulatory direction (CAT1, CAT2 and CAT3 give
priority to no direction, CAT4 favours the carryover direction and CAT5 favours the
anticipatory direction); this finding is clearly in contrast with C-to-V size effects on /i/
(fig. 6) which were found to be more prominent at the anticipatory vs. carryover level
in the same language. Analogously to the situation in the /i/ context condition, F2 size
effects on /a/ favour the anticipatory vs. carryover component in German (speakers
GER1 and GER3). On the other hand, C-to-V temporal effects on /a/ in figure 8b yield
more prominent anticipatory vs. carryover effects in both languages, which is in contrast with the scenario in the /i/ context condition (according to fig. 6, F2 temporal
effects on /i/ do not assign a special weight to any coarticulatory direction). In summary, coarticulatory directionality trends in the /a/ context condition (F2 only) show

Fig. 9. Differences between the carryover and anticipatory effects in V-to-C size (a), V-to-V
size (b) and V-to-V temporal extent (c) for Catalan dark /l/ and German clear /l/ in the fixed /a/ context condition. See figure 5 for details.
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that, while clear /l/ tends to favor anticipation in size and temporal extent, dark /l/
favours the anticipatory component in temporal extent but not so in size.
Vocalic size and temporal coarticulation in Catalan (fig. 9) give more weight to
the anticipatory over the carryover direction when F2 effects are taken into consideration either for all speakers (V-to-C and V-to-V size effects) or else for four speakers
(V-to-V temporal effects); on the other hand, Qp data in this language do not exhibit a
clear directionality pattern for the V-to-C size effects (2 speakers favour anticipation
and 1 speaker clearly favours carryover) and for the V-to-V temporal effects, and perhaps give more weight to the carryover over the anticipatory component in the case of
the V-to-V size effects (3 speakers). A trend for German to favour the anticipatory over
the carryover direction may be said to apply to the V-to-C size effects both in F2 and
Qp but not so to the V-to-V size and temporal effects in F2 (as indicated in the
‘Method’ section, Qp data on V-to-V coarticulation in this language are only available
for speaker GER2).
2.3 Interaction between the Consonantal and the Vocalic Effects
A summary of the directionality patterns reported in sections 2.1 and 2.2 follows.
Regarding the /i/ condition (section 2.1; fig. 6, 7), the vocalic size effects have been
found to coincide with the consonantal size effects in assigning more prominence to
the anticipatory vs. carryover component, more so in Catalan than in German. Both
the C-to-V and the V-to-V temporal effects show no obvious language-specific pattern
of coarticulatory directionality.
Data for the /a/ condition (section 2.2; fig. 8, 9) give preference to the anticipatory over the carryover component for the consonantal and vocalic coarticulatory
effects. Moreover, this directionality pattern appears to be somewhat more robust in
Catalan than in German when the vocalic coarticulation data are taken into consideration.

IV. Discussion
1. Consonantal and Vocalic Coarticulation
An initial goal of this paper was to investigate the relative prominence of the consonantal and vocalic effects in VCV sequences with the dark and clear varieties of /l/.
Regarding the salience of the consonantal component, C-to-V effects on /i/ have been
found to be larger and longer for Catalan dark /l/ than for German clear /l/, more so at
the anticipatory level than at the carryover level. This finding is in support of the
tongue dorsum activity for dark /l/ being specially salient in this antagonistic vowel
environment: the requirements on an early formation of the complex lingual gesture
for this /l/ variety prevent the tongue dorsum for /i/ from achieving a very high and
front position. It also accords with dark /l/ being more constrained than clear /l/. C-toV effects exerted by German clear /l/ on /i/ match those for clear /l/ in other languages
in showing no preference for the anticipatory over the carryover direction. A strengthening of the consonant-dependent carryover component for German clear /l/ in comparison to Catalan dark /l/ in the /i/ context condition is presumably a universal trend
which results from vowel-dependent tongue dorsum raising during the consonant
intensifying the mechanico-inertial effects associated with lingual activity.
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C-to-V effects on /a/ are not too prominent for Catalan dark /l/ since the consonant and the vowel are produced with similar and compatible lingual gestures in this
case; these coarticulatory effects exhibit a negative sign, meaning that the tongue dorsum position for this consonant is more lowered and retracted than that for a low
vowel. The fact that /a/ and dark /l/ involve a similar tongue dorsum configuration
results in a much less obvious need to anticipate the consonantal gesture; indeed, C-toV anticipation may be even less for Catalan dark /l/ than for German clear /l/ though
the anticipatory component still tends to override the carryover component in the case
of the former consonantal variety. Prevalence of C-to-V anticipation over carryover
suggests that tongue dorsum movement for a highly constrained consonant (i.e., dark
/l/) may be actively controlled even during the production of a compatible vowel gesture (i.e., that for /a/). Preference for the anticipatory direction in the case of the C-toV effects exerted by German clear /l/ on /a/ is in contrast with other clear varieties of
/l/ favouring the C-to-V carryover component, and may result from the tongue dorsum
being required to achieve a high target position; thus, it appears to be the case that
tongue dorsum raising movement associated with the German consonant takes some
more time to be implemented than slight tongue dorsum lowering associated with dark
/l/ or with uncontrolled tongue dorsum movement for other varieties of clear /l/.
Data on dorsopalatal contact and on F2 reported in the present paper reveal more
coarticulatory sensitivity for less constrained German clear /l/ than for more constrained Catalan dark /l/ in several circumstances. This was found to be the case for Qp
but not so for F2 in the /i/ context (F2 shows small vocalic effects in both languages,
and more prominent consonantal effects in Catalan vs. German), and for Qp and F2 in
the /a/ context. Less vocalic coarticulation for dark /l/ vs. clear /l/ in the /Æ/ condition
accords with the former consonantal variety being more resistant to vowel-dependent
effects than the latter in spite of the two consonantal varieties exerting similar degrees
of C-to-V coarticulation. It suggests that raising the tongue dorsum for German /l/ (as
inferred from the existence of positive C-to-V effects) does not block vocalic coarticulation as much as slightly lowering this lingual region for Catalan /l/ (as inferred from
the existence of small negative C-to-V effects).

2. Relative Prominence of the Anticipatory and Carryover Components
Predominance of the anticipatory direction over the carryover direction was
found to occur for the consonantal and for the vocalic effects in the following cases:
Qp and/or F2 size effects in the /i/ and /a/ context conditions in both languages but
more so in Catalan; F2 temporal effects in the /a/ context condition, mostly so in Catalan. The other scenarios show no obvious directionality pattern of C-to-V, V-to-C and
V-to-V coarticulation.
This outcome is partly consistent with the hypothesis raised in the ‘Introduction’
that salient anticipatory requirements for the production of both varieties of /l/ (and
thus prominent C-to-V anticipatory effects) convey much blocking of the V1-dependent carryover effects. Also, the fact that C-to-V anticipatory effects for dark /l/ often
exceed those for clear /l/ (in line with differences in degree of lingual constraint
between the two consonantal varieties) explains why the former /l/ variety allows more
prominent vocalic anticipation relative to vocalic carryover than the latter. In both languages C-to-V temporal effects on /i/ do not favour either the anticipatory or the car-

Temporal Coarticulation for /1/

Phonetica 1998;55:53–79

75

ryover direction while size effects favour the anticipatory component; regarding dark
/l/ this finding means that, while it takes a similar amount of time for the tongue dorsum to move from a high front position for /i/ to a low back position for the consonant,
the spatial extent of movement is clearly larger when proceeding from V1 to C than
when proceeding from C to V2; vocalic coarticulation in this fixed vowel context condition matches this C-to-V scenario in favoring anticipation for the size effects and no
coarticulatory direction for the temporal effects.
The directionality pattern of vocalic coarticulation for German /l/ pointed out
above differs from that for clear /l/ in other languages. In contrast with German /l/,
Spanish /l/ has been reported to allow larger V-to-C effects and longer V-to-V effects
at the carryover vs. anticipatory level in the fixed /i/ and /a/ context conditions (see
‘Introduction’); this finding is in accordance with C-to-V anticipation being more
salient for German /l/ than for Spanish /l/, which can be taken as evidence in support
of the former /l/ variety being more constrained than the latter. It thus appears that
Spanish /l/ does not require much tongue dorsum anticipation while allowing much
vocalic carryover, which could be associated with the mechanico-inertial requirements
involved during the tongue dorsum gesture for preceding /i/.

3. German /l/
Some evidence has been given in support of German clear /l/ being produced by
means of a target tongue dorsum configuration (see trends in C-to-V coarticulation on
/a/ in section 1 and coarticulatory directionality patterns in section 2). Additional evidence is provided below.
Some evidence derives from the general characteristics of the C-to-V effects.
F2 displacement data in the present study suggests that German clear /l/ exerts a similar amount of tongue dorsum lowering on /i/ and of tongue dorsum raising on /a/
which may be indicative of the tongue dorsum for this consonantal variety occupying
a target position intermediate between that for the two vowels.
The existence of a target lingual configuration for German /l/ also accords with
the tongue dorsum for this consonant being constrained to occupy a higher position
than for other varieties of clear /l/. This would explain why /l/ exhibits a higher F2 than
adjacent /a/ and a lower F2 than adjacent /i/ for all three German speakers analyzed in
this study. A higher tongue dorsum position (and F2 frequency) for German /l/ but not
so for clear /l/ in other languages may explain indeed why the former /l/ variety causes
F2 of /a/ to raise while other clear /l/ varieties may cause it to lower (see ‘Introduction’
section).
Moreover, as pointed out in the ‘Introduction’, German /l/ has been found to be
more resistant to V-to-C effects from /i/ vs. /a/ than clear /l/ in languages such as Spanish, more so in the fixed /i/ condition (where vowel coarticulation is less than 250 Hz
in the former language and more than 450 Hz in the latter) than in the fixed /a/ condition (where vowel coarticulation amounts to less than 400 Hz in both languages)
[Recasens, 1987].
Data on F2 trajectories for the asymmetrical sequences /ali/ and /ila/ in German
and Castilian spanish commented upon next [Recasens, 1987, 1991b] may also serve
to argue for clear /l/ being subjected to tongue dorsum control in German vs. other languages. If German clear /l/ is constrained to exhibit a relatively high tongue dorsum
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position, it should allow less F2 lowering and backing as a function of /a/ than the
more unconstrained clear /l/ variety of Spanish. Indeed, F2 trajectories for /ali/ were
found to undergo a much later and more abrupt raising movement towards V2 = /i/ in
Spanish than in German: in Spanish, a 500-Hz or larger F2 raising excursion starts
about /l/ closure offset and ends during V2; in German, F2 raising onset takes place
already during V1 and proceeds during the consonantal closure period until V2 onset.
On the other hand, in comparison to the Spanish /l/ variety, the German /l/ variety
should be more compatible with /i/. Indeed, F2 trajectories for /ila/ show an early lowering movement associated with V2 = /a/ in Spanish (during V1 or at V1 onset) which
proceeds abruptly during the closure period for more than 500 Hz until closure offset;
in German, F2 lowering also starts towards V1 offset but proceeds much more gradually during the consonant and ends during V2. In summary, articulatory trajectories for
/ali/ and /ila/ suggest that, in comparison with German /l/, the tongue dorsum position
for Spanish /l/ occupies a lower position and is more compatible with that for /a/ than
with that for /i/; thus, Spanish /l/ may delay the tongue dorsum raising movement associated with V2 = /i/ to a larger extent than German /l/, while tongue dorsum lowering
related to V2 = /a/ is more obvious in VCV sequences with the former vs. the latter
variety of /l/.

4. Gradualness of the /l/ Darkness and /l/ Clarity Scales
Coarticulatory differences reported in this paper conform to speaker-dependent
differences in /l/ darkness/clarity in a good number of instances, i.e., C-to-V effects in
Qp and F2 (size, time) and V-to-C effects in Qp in the /i/ condition. This finding suggests that the transition from the dark to the clear variety of /l/ is not categorical but
gradual. Speakers of the same language may use different amounts of tongue dorsum
height and fronting for the production of /l/ and thus show /l/ realizations differing in
degree of darkness or clarity. The same observation applies to differences in /l/ darkness or clarity as a function of language [Recasens and Farnetani, 1990].

V. Conclusion
This paper provides some evidence in support of the relative salience and the
direction of the consonantal and vocalic effects in VCV sequences being conditioned
by the requirements on the production of the intervocalic consonant. It has also been
found that unspecified articulatory regions may be activated during segmental production (in the case of German /l/) and that articulatory dimensions such as darkness and
clarity in /l/ proceed gradually rather than categorically.
A schematic diagram of the most interesting coarticulatory scenarios described in
this paper is given in figure 10. The upper graph reproduces the presumable coarticulatory patterns for Catalan dark /l/ and for German clear /l/. In this case, C-to-V effects
are more prominent at the anticipatory level (on V1) than at the carryover level (on
V2), which causes V2-to-V1 anticipation to be more salient than V1-to-V2 carryover;
prevalence of the anticipatory vs. the carryover direction for the consonantal and
vocalic effects has been found to be more obvious for dark /l/ in Catalan than for clear
/l/ in German. The scenario for clear /l/ in languages other than German would differ
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Fig. 10. Schematic representation of the coarticulatory
scenarios in VCV sequences
with the alveolar lateral /l/
(top) and with the alveolopalatal /&/ (bottom).

from the one presented here in not favouring any specific direction for C-to-V effects
of little salience while favouring the carryover over the anticipatory direction in the
case of the vocalic effects. The lower graph represents the scenario for the coarticulatory effects in VCV sequences with alveolopalatal /&/. Now C-to-V effects are more
prominent at the carryover level (on V2) than at the anticipatory level (on V1), which
causes the vocalic carryover effects to exceed the vocalic anticipatory effects as well.
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