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4. Discussion and Conclusions

The aim of this chapter is to elaborate on the theoretical issues raised in chapter 1 on the
basis of the results presented in chapter 3. The questions that are addressed are, in the
first place, whether voicing assimilation is a gradient or a categorical process in each of
the two languages studied, and secondly, whether there is a phonological rule for
voicing assimilation in Catalan and English. I will discuss the mechanism that may
underlie these patterns in section 4.2. Finally, I will summarize the conclusions (section

43).
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4.1. Discussion

The results of the present experiment provide evidence for categorical and gradient
assimilation of voicing in Catalan. Categorical voicing assimilation was found in the
sequences /t#g/ (realized as [d#g]), /st#d/ (realized as [z#d]), /z#t/ (realized as [s#t]) for
the two speakers, and /d#k/ for speaker MJ (realized as [t#k]), as reported in chapter 3.
The categorical behavior of assimilation may reflect a phonological rule of regressive
voicing assimilation in Catalan. That is, C1 may take the voicing specification of C2 in
obstruent sequences if no pause is present. The assimilation process seems to apply
independently of speaking rate and articulatory overlap.

The Catalan results also show evidence for gradient assimilation, since for the
sequence /d#k/ one of the speakers (AN) maintained voicing in C1 to an extent that
made it different from the voiceless sequence /t#k/, so that regressive assimilation was
partial. In this case, then, the neutralization of the voicing distinction is incomplete.
Thus, voicing assimilation may also be an articulatorily gradient process in Catalan.

These results agree with previous experiments on voicing assimilation in
Catalan, which found that obstruent sequences with different phonological
specifications for voicing result in complete regressive assimilation of the voicing
specification of C2 in most cases but that incomplete neutralization can also be found
(Carbonell 1992, Cuartero 1998). As reported in chapter 1, Carbonell (1992) found that
some speakers displayed more voicing in C1 in the underlyingly voiced sequences than
in underlyingly voiceless — voiced sequences. Incomplete neutralization has also been
reported for Russian (Burton et al. (1997)).

Additionally, the Catalan data show variability in the maintenance of vocal fold
vibration in long obstruent sequences, e.g., /t#g/ = [dd8#g8], where voicing tends to die

out due to aerodynamic factors. What the data seem to show is that, both for /t#g/ and
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/d#g/, at least the first half of C1 must be voiced and that there has to be voicing at the
release of C2.

In English obstruent sequences, the coordination of glottal and supraglottal
gestures was different from that found in Catalan. Thus, in voiceless — voiced sequences
such as /t#g/ and /s#d/, the general pattern is to partially or completely devoice C2,
although regressive voicing of C1 may also occur at fast speaking rates (as found for
speaker AL), reflecting anticipatory gestural overlap. In voiced — voiceless sequences
such as /d#k/ and /z#t/, there is partial or complete devoicing of C1, but speakers may
implement C1 as voiced, too. Thus, the English data showed large variability in the
coordination of oral and glottal gestures in obstruent sequences, which is compatible
with the fact that vocal fold vibration during the oral constriction is not a reliable cue for
voicing in obstruents (Lisker and Abramson, 1964). The large variability found in the
coordination of glottal and oral gestures in English obstruent sequences is compatible
with data by other investigators (Westbury (1979), Docherty (1992) and Cuartero
(1999)).

In sum, the greater stability of the timing of voicing in Catalan as opposed to the
variability obtained in English suggests that the coordination of oral and glottal gestures
is slightly more constrained in Catalan than in English obstruent sequences.

In English obstruent sequences, as opposed to Catalan ones, degree of overlap of
the supraglottal articulators and speaking rate may affect the coordination of oral and
glottal gestures. Thus, the English sequence /t#g/ may be implemented as voiced
throughout when there is complete articulatory overlap and when the sequence is uttered
at a fast speaking rate (speaker AL), suggesting complete anticipation of the C2 gesture
due to time constraints. Conversely, at slow speaking rates the tendency is progressive

devoicing of C2, suggesting inertial constraints. Thus, the speaker’s articulatory
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strategies to adjust to speaking rate differences result in qualitatively different patterns.
In addition, for the English subject ME, the sequence /t#g/ was implemented with
complete devoicing of C2 ([t#k]) if degree of articulatory overlap was higher than 50%,
whereas there was partial devoicing of C2 if degree of overlap was smaller. In sum,
these facts suggest that the assimilation of glottal gestures in English sequences is of a
gradient nature, and depends on the degree of articulatory overlap and speaking rate (as
predicted for phonetic effects, Solé 1992, 1995a). Unlike Catalan speakers, who plan the
coordination of oral and glottal gestures during the obstruent closure in a constrained
manner with the glottal gesture of C2 advanced to the onset of C1, English shows more
variability for the organization of glottal and supraglottal gestures during the maximal
constriction for the obstruents, although there are constraints on the variability that may
take place. Either there is gradual anticipation of the voicing gesture for C2 (resulting in
total or partial voicing/devoicing of C1), or there are inertial effects of the glottal
gesture for C1 on C2 (resulting in partial voicing/devoicing of C2).

In sequences where voiceless obstruents combine with sonorants, the phonetic
implementation of voicing is in accord with the phonological specification of the
segment in both languages, but there is variability in the transition from C1 to C2. Thus,
in the English and Catalan sequences /k#n/, /s#n/, /k#l/ and /s#l/ the second half of C1
may be voiced or the first half of C2 may be devoiced (consistent with anticipatory
overlap and inertial effects, respectively). It seems, then, that the instructions for the
change in the voicing gesture are coordinated with the onset of the oral constriction for
C2, and that variability in the transition from C1 to C2 may occur. Thus, approximately
half of the sonorant has to maintain its phonological specification for voicing whereas
the portion adjacent to the obstruent allows variability due to speaking rate effects and

articulatory overlap. In other words, there are constraints in the degree to which the
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voicing gesture can penetrate into the adjacent consonant in this type of sequence. That
1s, variability can take place but with temporal restrictions.

Although the organization of oral and glottal gestures was fairly similar in
Catalan and English obstruent — sonorant sequences, there was one difference: the
Catalan data showed cases of complete regressive assimilation of voicing. Speaker AN
showed complete voicing of /k#n/ and /k#l/ in a few cases. This optional process applies
categorically in this Catalan speaker independent of speaking rate and articulatory
overlap. Thus, it seems that the Catalan voicing assimilation rule, by which obstruents
take the voicing specification of the immediately following consonant, may have been
extended to obstruent — sonorant sequences for some speakers.

In the reverse sonorant — obstruent sequences the glottal gesture is also switched
at the transition between the two consonants in the sequences /l#k/ and /l#s/, that is,
when C1 was a lateral consonant, and the variability observed results from
implementational factors. Again, there seem to be constraints on the variability that is
allowed: in these sequences, at least the first half of C1 must show vocal fold vibration,
and at least the second half of C2 must show vocal fold abduction in both languages. In
nasal — obstruent sequences (/N#t/ and /N#s/) voicing penetrated into C2 due to
mechanical factors. Hayes and Stivers (1996) cite two mechanisms which favor the
continuation of vocal fold vibration in nasal — obstruent sequences: firstly, the
coarticulatory lowering of velum position during part of the obstruent consonant is
sufficient to achieve “nasal leak”, which facilitates the continuation of vocal fold
vibration (Ohala 1983). Secondly, when the velum is high enough to cut off nasal leak,
it continues rising towards the pharynx, so the volume of the oral cavity expands and
voicing is facilitated (Bell-Berti 1975). Coproduction of the obstruents with adjacent

nasals may thus explain voicing continuation into the obstruent.
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In nasal — stop sequences, voicing penetrated one to two thirds into C2, and in
nasal — fricative sequences voicing penetrated significantly less than for stops. The
smaller degree of voicing into C2 in nasal — fricative, vis-a-vis nasal stop sequences,
most likely results from the difficulty to build up sufficient oral pressure to generate
audible turbulence for fricatives with glottal resistance, that is, vibrating vocal folds
(Ohala and Sol¢é 1998).

Catalan sonorant — obstruent sequences, unlike obstruent — sonorant sequences,
showed no cases of complete regressive assimilation of the voicing state of C2. This
asymmetry may have a perceptual basis, since complete assimilation would yield a fully
devoiced sonorant, which would endanger the correct perception of the consonant by
the listener.

All in all, the data suggest that the phonology imposes constraints on the
implementation of voicing in obstruent sequences in English, and that these constraints
differ from the ones we find in Catalan. In English the constraints on the
implementation of voicing during the consonant obstruction may not be as tight as in
Catalan since vocal fold vibration during the constriction does not seem to be the
primary cue for voicing in obstruents; rather, other cues such as the length of the vowel
preceding C1 and the state of the glottis at the release of C2 seem to be the articulatory
targets in English as suggested by Lisker and Abramson (1964) and Peterson and
Lehiste (1960). Thus, variability is allowed in the implementation of voicing during the
articulatory constriction in this language. In Catalan, on the other hand, there seem to be
more severe temporal constraints in the coordination of oral and glottal gestures in
obstruent sequences than in English, since the voicing patterns were more consistent

and less variable than in English. In Catalan, the voicing gesture of C2 is, in most cases,
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advanced to C1. However, it was also seen that this is not always the case, and the

voicing specification for C1 may be maintained.
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4.2 Phonological modeling

An adequate model of phonetic implementation should explain the variability
observed, as well as the constraints that are at work in both languages. In addition, we
have to establish how changes in glottal movements are coordinated in time in relation
to supraglottal movements. Different models will be reviewed and it will be argued that
Articulatory Phonology (Browman and Goldstein 1986, 1990) and Windows Theory
(Keating 1988) may adequately explain the data observed.

In feature-based models like autosegmental phonology (Clements 1985), voicing
assimilation in Catalan obstruents may be represented as linking the laryngeal node of
C2 to that of C1. The problem with this formal representation is that it does not explain
the direction of voicing assimilation and does not account for intermediate articulations.
The same problem arises for English, where it is difficult to account both for the
variability observed and for gradual, rather than categorical, assimilatory patterns.

In Articulatory Phonology, the process of voicing assimilation in Catalan may be
described as perturbation of the glottal state for C1 due to total overlap of the competing
configuration for the laryngeal gesture of C2. Partial overlap of competing
configurations might account for the organization of gestures in English obstruent
sequences. However, Articulatory Phonology would predict that regressive voicing
assimilation would be a gradient process, co-varying with speaking rate and articulatory
overlap both in Catalan and in English. Yet, the data in the present experiment showed
no relationship between speaking rate/articulatory overlap and the coordination of oral
and glottal gestures in Catalan, where the process was found to be categorical in most
cases.

The results for English could be accounted for by this model in the following

terms. The glottal behavior in English voiceless — voiced obstruent sequences could be
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explained in terms of the implementation of voicing in single obstruents. Figure 4.0
below displays the timing of vocal fold vibration during the constriction for initial
voiced stops (top) and for voiced stops following a voiceless obstruent (bottom) for the
English subjects AL and ME. As the Figure shows, the English speaker AL displays
voicing lead in initial voiced obstruents (top left panel). In consonant sequences, the
vocal fold adduction gesture for /g/ might be advanced to the onset of the oral closure
for C1, due to articulatory ovelap, and result in fully voiced sequences for this speaker
(bottom left panel). Speaker ME, on the other hand, shows little or no voicing lead in
initial obstruents (top right panel). For this speaker, anticipation of the glottal gesture

for /g/ in consonant sequences would result in a partially or fully voiceless C1 (bottom

right panel).
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Figure 4.0. Vocal fold vibration observed in the consonant /g/ in postpausal position for the English
subjects AL and ME (top) and in the consonant sequence /t#g/ in ‘fat gap’ for the same speakers (bottom).
The yellow lines represent vocal fold vibration and the black lines represent absence of vocal fold
vibration. OC stands for onset of the oral constriction and RC stands for release of the oral constriction.
OCI1 stands for onset of C1, OC2 stands for onset of C2 and RC2 stands for release of C2. Each line
represents one observation.
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According to Articulatory Phonology, in English voiced — voiceless obstruent
sequences the abductory glottal gesture for C2 would partially or completely overlap the
adductory gesture for C1 in running speech, and this would result in partial or complete
devoicing of C1. However, the data obtained showed that vocal fold vibration may be
maintained during C1 in English sequences: partial or complete devoicing of C1 was
observed in some cases, whereas in others C1 was fully voiced.

The Catalan data obtained cannot be explained as resulting solely from the
inherent properties of the articulatory gestures; rather, the anticipation of the voicing
gesture of C2 onto C1 seems to arise from higher level restructuring of conflicting
consecutive motor commands in a single laryngeal gesture. In other words, complete
voicing assimilation in Catalan seems to result from a phonological process, involving
different motor instructions.

The range of assimilatory phenomena observed in Catalan and English may stem
from the same source — gestural overlap and overlap of motor commands due to faster
speaking rates or other time constraints — but may reflect two synchronically different
processes. At one end, mechanical gestural overlap and increased speaking rate may
result in varying degrees of voicing assimilation (including complete assimilation). At
the other end, these phonetic tendencies may have been encoded in a higher-level
reorganization of motor commands or a categorical process (as Nolan and Holst (1993)
and Sol¢é (1999) have argued for other assimilatory processes).

Now we will turn to an alternative account of the data obtained which may also
satisfactorily explain the implementation of voicing in English and Catalan consonant
sequences. Windows Theory (Keating 1988) is a model that takes discrete phonological

features as input and produces a tracing of articulatory movement as output. Thus, it
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aims at providing an interface between phonetics and phonology. In this model, the
phonetic properties of segments along the different dimensions must be coordinated in
time so that the listener perceives the correct segment. One of the main assumptions of
Windows Theory is that phonetic dimensions are coordinated with respect to a small
number of articulatory events, known as ‘articulatory landmarks’, which are both
articulatorily and perceptually salient. The model also assumes that segments need not
be specified for every feature. Feature specification results in consistency in the way a
segment is phonetically implemented whereas variability suggests that a segment is not
specified for that feature.

Keating (1988) suggests that articulatory targets are windows or ranges of
allowable values along a phonetic dimension, so that contextual variation can be easily
accounted for. Windows are assigned on the basis of feature specifications, and there
may be cross-linguistic variation in the window width assigned to a particular type of
segment. Besides, targets —or windows —have duration in time. The fact that windows
have temporal width can explain fine coarticulatory effects in time that are a problem
for analyses that are based on single target values.

The following assumptions, based on Huffman (1990), have to be made in order
to account for the coordination of oral and glottal gestures:

- Segments are assigned laryngeal targets on the basis of feature specifications

- Targets are temporal windows of allowable values

- Interpolation connects targets by constructing a path through the available
windows

- Target interpolation is variable but is constrained by a notion of economy, such

as the goal of minimizing rate of change.
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The data suggest that we need to specify certain states of the glottis and points in
time when these states have to be achieved. The data also seem to indicate that there are
targets for voicing gestures that are constrained in time. Voicing gestures are carefully
controlled by speakers in relation to specific articulatory targets and variability is
allowed as long as these targets are achieved. Glottal gestures may be coordinated with
respect to three articulatory landmarks: onset of the consonant, middle of the consonant
and release of the consonant for each consonant in the cluster. Temporal windows for
voicing are mapped from the phonological specification with respect to these three
articulatory landmarks.

For Catalan obstruents it could be hypothesized that voicing state is coordinated
with the middle of the consonant (i.e., vocal fold vibration — or lack thereof — has to be
present (or absent) at the middle of the consonant constriction) whereas in English the
glottal configuration might be tied to the edges of the obstruent (i.e., vocal fold
vibration has to be present or absent at or around consonant onset/release). Thus, it
might be hypothesized that the voicing gesture may be targeted either at the beginning
(for coda consonants) or at the end (for onset consonants) of the obstruent constriction
in English. If the glottal abduction or adduction gesture is targeted at the beginning of
the consonant, then the concomitant cues for voicing would be present in the
immediately preceding segment (e.g., preceding vowel length). When the glottal gesture
is targeted at the end of the consonant, VOT values at consonant release would be the
main cue for voicing. For sonorants, however, it may be hypothesized that vocal fold
vibration 1s phased relative to the middle of the consonant in both languages. For
vowels, vocal fold vibration would also be phased with the middle of the segment in

both languages.
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It has to be taken into account that vocal fold vibration has positioning, mechanical
and aerodynamic constraints which are more severe than those required for
voicelessness. Whereas there are different laryngeal configurations and pressure
conditions that can lead to voicelessness, voicing requires a very precise laryngeal
configuration and sufficient transglottal airflow. This is, however, not reflected in the
diagrams below since they are an abstraction of laryngeal movements.

Figure 4.1 below represents the assignment of articulatory landmarks in Catalan
obstruent — sonorant sequences. Each of the consonants contains, as observed above,
three possible points — onset, middle and release — to which laryngeal targets can be
associated. The small dots represent unassigned targets and the big dots represent
assigned targets.

In the sequence in Figure 4.1, the middle of C1 would be targeted as voiceless and
C2 would have a voiced target at the middle of C2. The representation in 4.1a would
allow variability in the interpolation across laryngeal targets (indicated by a dotted line)
for the first vowel and the laryngeal target for C1, which was not found in the data.
Thus, it might be assumed, as shown in Figure 4.1b, that the laryngeal target for C1 has
a temporal duration that extends to the onset of the consonant, as shown by the black
lines in the Figure. This would ensure that C1 is voiceless from the onset to the middle
of the consonant and variability would be allowed in the interpolation across the
laryngeal targets for C1 and C2 as found in the data.

In English (Figure 4.2), vocal fold abduction for C1 would be targeted at the onset
of C1 and the concomitant cues for voicing (e.g., vowel length) would be present in the
immediately preceding segment; the middle of C2 would be targeted as voiced. Since

no cases were found where there was voicing in C1, the window for voicelessness in C1
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may extend until the release of C1. Interpolation across targets allows variability to take

place between the release and the middle of C2, as shown by the dotted line.

a) CATALAN
A C1 C2 \%

Middle Onset Middle Release Onset Middle Release Middle

Vocal fold adduction

Vocal fold abduction . K ; i

Phonological input /k/ 1/
Phonetic output [k] (1]
b)
\% C1 C2 \%
Middle Onset  Middle Release Onset Middle  Release Middle
Vocal fold adduction e, . . R U ¥ e
Vocal fold abduction
Phonological input /k/ 1/
Phonetic output(s) [k] [1]

Figure 4.1. Windows Theory representation of voiceless obstruent — sonorant sequences in Catalan.
The small dots represent possible articulatory landmarks and the big dots represent the laryngeal targets
that speakers have to achieve at that landmark. Interpolation across targets is shown by the dotted line.

ENGLISH
\% C1 C2 \Y%
Middle Onset Middle Release Onset Middle  Release Middle
Vocal fold adduction _
Vocal fold abduction
Phonological input /k/ 1/
Phonetic output(s) [k] (1]

Figure 4.2. Windows Theory representation of voiceless obstruent — sonorant sequences in English.
The small dots represent possible articulatory landmarks and the big dots represent the laryngeal targets
that speakers have to achieve at that landmark. Interpolation across targets is shown by a dotted line.



Discussion 151

In Catalan and English sonorant — obstruent sequences, the glottal gesture
switched at the transition between the two consonants, and the variability observed
seems to result from implementational variants resulting from the interpolation of the
voicing transition. Such behavior can be modeled as shown in Figures 4.3 for Catalan
and 4.4 for English. In both languages, the middle of the sonorant would be targeted
with vocal fold adduction. The following obstruent would be targeted as voiceless at the
middle of the consonant constriction in Catalan and at the consonant release in English
as assumed above. The laryngeal target for C2 seems to spread from the middle to the
release in Catalan and from the release to the middle in English, which would ensure
absence of voicing in the second half of C2, as found in the data. Interpolation across
targets (shown by the dotted line) allows variability at the transition between the two

consonants. Slight anticipatory and inertial effects account for the variability observed

in the data.
CATALAN
\% C1 C2 \%
Middle Onset middle release Onset middle release Middle
Vocal fold adduction .
_ —
Vocal fold abduction
Phonological input 1/ /k/
Phonetic output(s) (1] [k]

Figure 4.3. Windows Theory representation of sonorant — voiceless obstruent sequences in Catalan.
The small dots represent possible articulatory landmarks and the big dots represent the laryngeal targets
that speakers have to achieve at that landmark. Interpolation across targets is shown by a dotted line.
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ENGLISH

A% C1 C2 \%

Middle Onset Middle Release Onset Middle Release Middle

Vocal fold adduction

Vocal fold abduction

Phonological input 1/ /k/

Phonetic output(s) [l] [k]

Figure 4.4. Windows Theory representation of sonorant — voiceless obstruent sequences in English.
The small dots represent possible articulatory landmarks and the big dots represent the laryngeal targets
that speakers have to achieve at that landmark. Interpolation across targets is shown by a dotted line.

The modeling of the rule of regressive voicing assimilation found in Catalan
voiceless — voiced obstruent sequences is presented in Figure 4.5. The middle of C2
would be targeted as voiced and the middle of C1 would also be targeted as voiced after
copying the laryngeal target of C2 due to the application of the voicing assimilation
rule. The fact that voicing may die out during the oral constriction, as observed in the
data, is a phonetic effect. The fact that the middle of C2 is targeted as voiced ensures a
negative VOT value, and therefore the correct perception of the consonant as voiced.

The rule of regressive voicing assimilation presented in Figure 4.5 may
optionally apply in Catalan obstruent — sonorant sequences, at least for some speakers

(subject AN).
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CATALAN
\% C1 C2 \%
Middle Onset  middle release Onset middle release Middle
Vocal fold adduction - - _
Vocal fold abduction
Phonological input t/ / g/
Phonetic output [d] [g]

Figure 4.5. Representation of voicing assimilation in Catalan voiceless — voiced obstruent sequences.
The small dots represent possible articulatory landmarks and the big dots represent the laryngeal targets
that speakers have to achieve at that landmark. Interpolation across targets is shown by a dotted line.

In Catalan voiced — voiceless sequences, the middle of C2 would be targeted
with an abductory movement of the glottis and the middle of C1 would also be targeted
as voiceless after copying the laryngeal target of C2 due to the application of the
voicing assimilation rule, as shown in Figure 4.6 below. Thus, both consonants in the
sequence would be implemented as voiceless. Since interpolation of laryngeal targets
between the first vowel and C1 might result in the presence of voicing in the first half of
C1 — which was not found in the data —, we need to assume that the laryngeal target for
C1 spreads to the onset of the consonant, thus ensuring complete voicelessness in C1, as
found in the data. In the same line, the laryngeal target for C2 should extend to the
consonant release in order to ensure absence of voicing in the second half of the

consonant.
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CATALAN
\% C1 C2 \%
Middle Onset  Middle  Release Onset Middle  Release Middle
Vocal fold adduction .
Vocal fold abduction
Phonological input /d/ /k/
Phonetic output [t] [k]

Figure 4.6. Representation of voicing assimilation in Catalan voiced — voiceless obstruent sequences.
The small dots represent possible articulatory landmarks and the big dots represent the laryngeal targets
that speakers have to achieve at that landmark. Interpolation across targets is shown by a dotted line.

In English voiceless — voiced sequences like /t#g/ and /s#d/, the onset of Cl
would be targeted as voiceless, as shown in Figure 4.7, and the concomitant cues for
voicing — e.g., vowel length — would show up in the preceding segment. The release of
C2 would be targeted as voiced, as shown in Figure 4.7, which ensures a short negative
or positive VOT value. Variability in the presence of vocal fold vibration is allowed
during the consonant constriction because there is a wide time window of interpolation
of laryngeal gestures, so that there can be complete voicing of C1 if there is complete
articulatory overlap at faster rates (trace a); in this case, the target for C1 is not present
because it is completely overlapped by that of C2. Alternatively, there may be partial or
complete devoicing of C2 (trace b), or no devoicing of C2 (trace c). This representation
would account for the data obtained in the present experiment, where great variability

was found: if there was complete overlap of the supraglottal articulators the whole
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consonant sequence could be voiced, whereas in other cases C2 was completely or

partially devoiced.

In voiced — voiceless sequences in English, a similar representation might be

proposed, but in this case the beginning of C1 would be targeted as voiced and the

release of C2 would be targeted as voiceless, as shown in Figure 4.8 below. The wide

time window for interpolation of laryngeal targets allows for variability to take place in

voicing during the consonant constriction, and accounts for the fact that speakers may

sometimes maintain vocal fold vibration in C1.

ENGLISH
A% C1 C2 A%
Middle Onset middle release Onset middle release Middle
a
Vocal fold adduction _.‘:":"'-‘»,,,,., . . . . . —-'_— _
Vocal fold abduction - " i :
Phonological input /t/ /g/
Phonetic output [t] [g]
[d] [g]
[t] [g6]

Figure 4.7. Windows Theory representation of voiceless — voiced obstruent sequences in English. The
small dots represent possible articulatory landmarks and the big dots represent the laryngeal targets that

speakers have to achieve at that landmark. Interpolation across targets is shown by a dotted line.
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ENGLISH
\% C1 C2 \%
Middle Onset  middle  release Onset middle  release Middle
Vocal fold adduction B _ . . . . prd
Vocal fold abduction . . s S e i i
Phonological input /d/ /k/
Phonetic output [d] [k]
[d6] (k]
[t] (k]

Figure 4.8. Windows Theory representation of voiced — voiceless obstruent sequences in English. The
small dots represent possible articulatory landmarks and the big dots represent the laryngeal targets that
speakers have to achieve at that landmark.
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4.3 Conclusions

To summarize, it was found that in Catalan obstruent sequences that differ in their
phonological specification for voicing, speakers tend to anticipate the voicing gesture of
C2 to C1, both in stop sequences and in fricative — stop sequences. Thus, the process is
regressive and categorical, which is congruent with a rule of voicing assimilation in
Catalan. Evidence was also found that speakers can display partial anticipation of the
voicing gesture of C2, which shows that voicing assimilation may also be a gradient
process in this language. Thus, the voicing assimilation rule seems to be optional. The
Catalan data thus seem to reflect two different processes. On one hand, complete
regressive voicing assimilation in obstruent sequences seems to be the result of a rule
involving higher-level reorganization of motor commands. On the other hand, cases of
partial assimilation may result from phonetic implementation factors.

In English, it was found that there is no phonological rule of voicing assimilation
in obstruent sequences. Rather, the coordination of oral and glottal gestures during the
maximal constriction is a gradient process that may result from anticipatory overlap
— sensitive to time constraints — and inertial effects .

In sequences of consonants where nasals and laterals combine with obstruents,
the voicing gesture seems to be switched at the transition from CI1 to C2 in both
languages. In addition, evidence was found for complete assimilation of voicing in
Catalan obstruent — sonorant sequences, suggesting the extension of the regressive
voicing assimilation rule for obstruents to these sequences, at least for some speakers.

Finally, it has been suggested that Articulatory Phonology and Keating’s
Windows Theory account for the coordination of oral and glottal gestures in Catalan

and English.
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