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Abstract

A theoretical analysis of synchronic /e/ prosthesis in non-native word-
initial /sC/ sequences in Spanish is provided. In light of new evidence,
it is argued that the appearance of the word-initial /e/ to the left margin
of the non-native /sC/ onset is a perception-based phenomenon, and not
triggered directly as a productive operation of the grammar. This assertion is
robustly supported by the results of a series of perception tests involving 50
Spanish-speaking children in which the subjects routinely reported hearing
an illusory vowel to the left of the non-native complex onset. These data
are in line with past accounts of perceptual epenthesis and suggest that
the auditory signal in some instances may be distorted by a high-level bias
for native sound patterns. At the time of production, then this means that
the dominant grammatical constraint governing the appearance of /e/ is
based on principles of input/output correspondence, and not productive
constraints referencing structural phonotactics.
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36 Mark Gibson

1 A grammatical argument for /e/ alignment
in word-initial /sC/ sequences

It has gone widely undisputed that the emergence of a prosthetic [e] to the left
margin of non-native word-initial [sC] sequences is correlated to stipulations
governing the structure of Spanish syllables:

(1) Illicit word-initial /sC/ clusters in foreign loan words
[e]stop ‘stop’ /s/ + coronal obstruent
[e]strés ‘stress’ /s/ + coronal obstruent/liquid cluster
[e]spray ‘spray’ /s/ + labial obstruent/liquid cluster
[e]sprin(t) ‘sprint’ /s/ + labial obstruent/liquid cluster
[e]smart ‘Smart’ /s/ + labial obstruent
[e]scáner ‘scanner’ /s/ + dorsal obstruent
[e]spich ‘speech’ /s/ + labial obstruent
[e]slogan ‘slogan’ /s/ + lateral sonorant
[e]smoquin ‘smoking’ /s/ + nasal sonorant

In these cases, [e] emerges systematically in all word-initial [sC] sequences.
The fact that no native Spanish word begins with the [sC] sequence supports the
general argument that [e] alignment is governed by principles which regulate
the shape of Spanish onsets.

Top-down models invariably explain vowel prosthesis as a grammatically
induced repair process triggered by a phonological stipulation which refer-
ences some aspect of complex onset formation. The pertinent phonological
information motivating such an operation has historically been based on an
autosegmental approach to the phonology, and the means by which this infor-
mation interacts with the grammar has been expressed theoretically by way of
(i) linearly emerging structure building rules, (ii) the fulfillment of language-
specific syllabic templates, and/or (iii) highly ranked universal markedness laws
governing structural well-formedness. The vast majority, if not all grammatical
justifications of vowel insertion hinge on the supposition that the [sC] structures
are banned in Spanish complex onsets, yet detrimentally, none offers a coher-
ent description of the phonological conditions on which such an assertion is
determined.

Segment-based approaches to the phonology express the structural well-
formedness of complex onset sequences by way of the linear arrangement of
timing-independent spatial units. Most often, the correct configuration of seg-
ments involves some indirect reference to vocal tract constriction via constraints
governing abstract sonority distances between the individual units and their
subsequent ranking in a hierarchical-based production algorithm.1 In this con-
ception, there is no linear path which correlates categorical sonority values with

1 Patterns of vocal tract constriction in complex onsets are projected onto the grammar as
restrictions that stipulate a minimal sonority distance between the segments. First, segments are
collocated on a sonority hierarchy on the basis of their respective manner specifications: Stops
< Fricatives < Nasal < Liquid < Glide < Vowel. Later, each hierarchical position is allocated an
abstract numerical value: (1) Stops < (2) Fricatives < (3) Nasal < (4) Liquid < (5) Glide < (6) Vowel.
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low-level patterns of vocal tract constriction, nor any programmed explanation
as to how low-level spatio-temporal relationships may affect optimal outputs.

As I have pointed out in past articles, a number of conjectural problems arise
which dispute the veracity of the purely grammatical explanation of /e/ prosthe-
sis based on abstract sonority values. Principally, these models provide no way
to justify the emergence of all optimal output sequences while simultaneously
explaining the elimination of sub-optimal sequences.2 Consider a restriction
that establishes a minimal sonority distance of three between complex onset
segments (Parker 2002). In this case, it is supposed that a listener of Span-
ish, upon processing various inputs, is first able to analyze and categorize the
sonority properties of each individual segment and later, deduce an abstract rule
which is capable of expressing the notion that only certain units may combine to
form complex onset sequences based on this criterion. While computationally
feasible, the explanatory power of a rule of this nature is put in check by the
fact that a minimal sonority distance of three eliminates all [fricative/liquid]
sequences, meaning [fl] and [fR], which are wholly admissible complex onset
sequences in Spanish, must be explained away as exceptions to the general
rule.3 This last pitfall presents serious functional and theoretical difficulties for
acquisition and learnability algorithms. Harris (1983) avoids this shortcoming
by proposing a minimal sonority distance of two for Spanish complex onsets.
The hitch with this explanation, however, is that all [fricative/liquid] sequences
would surface optimally, of which only [fR] and [fl] constitute well-formed com-
plex onsets. Neither minimal sonority distance addresses the elimination of [dl]
onsets.4

Let us assume that a minimal sonority distance of three were a genuine
grammatical principle governing the shape of Spanish syllables. Its high rank-
ing in an immature grammar could, hypothetically, trigger vowel prosthesis
in all /sC/ clusters. There is, after all, no possible combination of [sibilant/C]
clusters which could satisfy this criterion. Nevertheless, this explanation cannot
account for the fact that no repair process surfaces in loanwords containing a
word-initial [TR] cluster: ["TRi.leR], and *[eT."Ri.leR] thriller. Notice that according

This topic has been vigorously debated in the Autosegmental literature and is discussed specifically
for Spanish in Harris (1983), Clements (1990), Colina (1995),Martínez-Gil (1996, 1997), Parker (2002)
and Wright (2004) among others.

2 The critique presented here should not be misconstrued to be a wholesale criticism of
hierarchical-based grammatical models. The present analysis is merely a critical assessment of
the ad hoc nature of individual constraints which have gained much currency in the contemporary
phonological debate.

3 Wright (2004) proposes that stops and /f/ be grouped in the same hierarchical position with
regard to sonority, whereby a minimal sonority distance of three would justify, at least theoretically,
the emergence of all optimal outputs. The consequence of such a separation, though, is a blanket
proscription against all fricative/liquid sequences which makes no predictions as to why individual
sequences are discarded. In this conception /s// liquid clusters are treated in the same way as /T//
liquid clusters. The drawback is that loanwords actually do exist in which the sequence [TR] appears
with no surface-level modification, thriller ["TRi.leR] as well as the phonetic adaptation of Heathrow
realized as [hi.TRow], implying that the absence of this sequence in the data record is not a corollary
of the grammar but rather a convention of the lexicon.

4 In most analyses, /dl/ is prevented by a ban preventing contiguous segments to share the
certain [place] specifications (see Obligatory Contour Principle, Leben 1973).
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to a minimal sonority distance of three, [TR] would be just as ill-formed as any
[sC] sequence.

The fact is that top-down analyses of complex onset formation based solely
on the linear arrangement of spatial units cannot coherently justify the output
data in Spanish complex onsets. Undeniably, grammatical constraints referenc-
ing sonority distances do reflect output patterns of vocal tract constriction. The
problem is that there is no evidence that such abstractions can actually com-
mand the low-level articulatory procedures observed in complex onset forma-
tion. Because of these incongruities, the idea that injunctions governing sonority
sequencing may play a role in triggering the emergence of a post-lexical repair
process is theoretically tenuous.

Despite the theoretical shortcomings of the previous grammar-based ap-
proaches, the claim that prosthetic outputs are derived from a non-prosthetic
lexical form has prevailed in the recent literature. In point of fact, Shepherd
(2003, 24) writes «the epenthetic status of the aforementioned vowel is quite un-
controversial, actually, and is most strongly supported by the consistent appear-
ance of the [e] in loanwords with initial s-clusters, as in the following examples,
as well as in the interlanguage of native Spanish speakers learning English». It
is assumed that the lexical form of word-initial [sC] clusters matches the non-
native output form, yet such an assertion ignores strong empirical evidence
that the perception, and subsequent lexical storage, of continuous non-native
speech streams can be heavily influenced by the phonology (see Best 1995; Hallé
et al. 1998; Dupoux et al. 1999; Kabak & Idsardi 2003; Andersen 2004; Hallé &
Best 2007). Dupoux et al. (1999), among many others, show that distortion of
the auditory input prompted by the phonology may indeed render an innova-
tive lexical form even if acoustic cues to support the novel representation are
nonexistent.

In the remainder of this article an alternative account to justify vowel pros-
thesis is proposed. The focal hypotheses underscoring the following article
are that (i) vowel prosthesis is a perception-based repair phenomenon, and (ii)
conditioned by a language-specific bias based on principles of relative timing
between gestures in complex onsets. In the next section, evidence is reviewed
which supports the ongoing hypothesis that vowel prosthesis is a perception-
based process. Following, the basic components of a gesture-based grammar
are explained and the groundwork is laid by which to illustrate how a percep-
tual bias of this nature can be derived from such a grammar. Finally, an analysis
of vowel prosthesis based on input/output correspondence is presented.

2 A perceptual argument for /e/ prosthesis

The previous grammar-based proposals assume that the non-native input is
stored lexically as it emerges in the source language, ignoring strong evidence
suggesting that the perception of continuous speech streams is often susceptible
to the effects of perceptual biases (Best 1995; Hallé et al. 1998; Dupoux et al. 1999;
Kabak & Idsardi 2003; Andersen 2004; Hallé & Best 2007).
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The idea that speakers form biases for certain aspects of their native language
is robustly supported in the literature. Research in experimental psychology and
first language acquisition reveals that biases for native sound patterns emerge
during a human infant’s first year of life. Werker & Tees’ (1984) study of infants
under a year old from English speaking homes, for example, found that by 10–
12 months old, infants were unable to distinguish non-English contrasts. The
authors illustrated that the decline in discrimination of non-English contrasts
was due to the lack of experience with these sequences, suggesting a manifest
bias for native structures.

With regard to syllable structure, Bertoncini & Mehler (1981) discovered
that two month old infants were more apt to distinguish pairs of stimuli that
form syllabic patterns. Further studies by Hillenbrand (1983) show that by six
months, infants already have some intuitive knowledge of the internal orga-
nization of syllables in their native language. In another study, Jusczyk et al.
(1993) discovered that infants are more apt to listen to lists of native syllables
which share common first consonants, or common first consonants and vow-
els. Nevertheless, when the syllables only share a common vowel, or common
vowel and final consonants, listening declines significantly, suggesting an as-
tonishing attentiveness to onsets. By 18 months, Goodman et al. (2000) found
that rimes and codas were, in general, given almost no consideration.

The claim that the perception of a continuous acoustic stream can be dis-
torted by the phonology of a listener/perceiver was first introduced in Dupoux
et al. (1999) and elaborated on in Kabak & Idsardi (2003). Specifically, the data
show that an illusory vowel can be perceived regardless of whether the acoustic
characteristics of the speech stream involve a vocalic unit. Dupoux et al. (1999)
and Dehaene-Lambertz et al. (2000) neurolinguistic study corroborate the gen-
eral findings outlined in Dupoux et al. (1999) concerning perceptual epenthesis
in Japanese informants, while Kabak & Idsardi’s (2003) study of the perception
of vocalic intrusion by Korean informants suggests that the illusory vowel is
connected in a programmed way to conventions of L1 syllable structure.

Perceptual epenthesis is based on the idea that phonetic and phonological
factors interact in a bottom-up system. The acoustic input is perceived by the
listener and later filtered through a system of high-level biases referencing the
systematic patterns of L1 syllable structure before lexical storage occurs. Hallé
et al.’s (1998) study of perceptual epenthesis in Spanish corroborates such a
framework, but does not address the specific phonological conditions on which
such a bias is based. It is not clear whether the emergence of an illusory [e]
is motivated by segmental organization exclusively or if the perception of [e]
is conditioned by more microscopic patterns of coordination relations between
the units.

Following Hallé et al. (1998), Gibson (2012) performed a series of identifica-
tion and discrimination tests with fifty native Spanish-speaking subjects aged
10–11. In the first test, the subjects were played nonce stimuli containing both
licit and illicit word-initial onset clusters. The subjects were asked to respond
with the number of syllables they heard. The results indicate that the percep-
tion of an illusory syllable (i) is prevalent in all target sequences, and (ii) is
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unsupported in non-target stimuli. A set of follow-up tasks revealed that the
perception of an extra syllable resulted from an erroneous interpretation of the
word-initial /sC/ sequence.

Importantly, the data from the tests reveal that the fundamental conditions
of the bias motivating the prosthetic vowel go beyond the mere linear organi-
zation of spatial characteristics. There was no significant difference between
the perception of prosthetic [e] in [s+stop], [s+nasal] or [sl] sequences, meaning
that spatial characteristics of individual units alone cannot be supposed to be
responsible for the perception of prosthetic [e] in all the cases. A bias which
includes the temporal relationships between those spatial characteristics offers a
refined account which coincides with the output patterns of intergestural timing
in Spanish complex onsets.

Apropos the specific vocalic segment that inserts in all of the examples in (1),
it is not clear what motivates the specific insertion of /e/, and not another vowel
from the Spanish vocalic repertoire. Harris (1983) asserts that the appearance of
/e/ is somehow related to its relative markedness value, although Hume (2002)
provides empirical data suggesting problems with claims of segment insertion
based on markedness cross-linguistically. Lombardi (2002), to the contrary,
presents an alternative universal schema grounded in the relative markedness
of major [place] classes. Nonetheless, Lombardi concludes that /a/, and not
/e/, is the universally unmarked segment.

Although still in the exploratory phase of investigation, another line of
research could offer fruitful insights into an articulatory-based justification for
the specific insertion of /e/. As far back as 1964 (in modern speech science),
Honikman (1964) introduced the idea that individual languages have an organic
basis which aids in the acquisition of language. Honikman posteriorly refers
to this organic basis as language-specific ‘articulatory settings’. According to
Honikman (1964, 73) articulator settings serve as the ‘gross oral posture and
mechanics’ which underlie the production of a language’s phonetic inventory
and make the speech of a native speaker distinguishable from the speech of
non-native speakers.

Although various proposals have been suggested with regard to how speech
scientists may gain access to these elusive settings for observation, one of the
most fertile hypotheses has been to measure the default speech positions for
individual languages during rest. It has been found that when preparing to
speak, the various articulators of the vocal tract assume a sort of ‘pre-speech’
posture from which to execute the sounds of the language (Öhman 1967; Perkell
1969). Barry (1992) went a step further to show that pre-speech posture is in fact
discernible from the absolute rest posture of the vocal tract, which Gick (2002)
upholds with X-ray data from English.

Now with regard to the perception of /e/ in word-initial /sC/ clusters in
Spanish, it is feasible to suspect a relationship between the specific perception
of /e/ and the articulatory posture of the vocal tract in pre-speech rest position
for Spanish. Consider the non-linguistic pre-speech sound that native Spanish-
speakers articulate when preparing to speak: eh, no lo sé ‘uhm, I don’t know’:
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Figure 1.

Acoustically, the initial vowel /e/, considered a pre-speech utterance, and the second
/e/ from the word sé, are nearly identical. Although there are differences in ampli-
tudes between the two sounds, a close reading of the formants reveals that the sounds
are quite similar. Interestingly, the vocalic unit which appears as a pre-speech utter-
ance in this context also appears in a myriad of other contexts in Spanish: no me parece
bien, eh ‘I don’t think that’s right’ (just so you know); ¿eh? (to express befuddlement).

It is viable that the posture assumed by the vocal tract in this instance, which
is articulatorily similar to that of /e/, is referenced as the default setting for
Spanish when perceiving the illicit syllable-initial onset. Of course this claim
would imply a certain phonological condition for language-specific articulatory
settings, or at least imply a close relationship with the phonology. Gick et al.
(2004) data come close to corroborating such an assertion, stating clearly that
(i) articulator settings do show tendencies of functioning as speech targets, and
(ii) asserting influence on other speech targets in the phonetic environment.
Currently, ultrasound data is being examined which seems to corroborate this
claim and will be presented in a separate article in the future.

3 Expressing vowel prosthesis
in a gestural-based grammar

3.1 Articulatory Phonology

Articulatory Phonology (Browman & Goldstein 1986) (AP, henceforth) provides
an empirically-based explanation of speech which falls within a more general
model of action and coordination dynamics. In this framework, speech gestures
are considered to be «point attractors, depicted as critically damped mass-spring
systems which interact in a task space- whose dimensions are delineated as
constrictions that can be produced and released by the various constricting
effectors of the vocal tract» (Saltzman & Munhall 1989 in Goldstein et al. 2006).

A gesture coordinates the movements of a limited set of articulators for a
linguistically significant goal (Goldstein et al. 2006). The set of articulators are
described as tongue body, tongue tip, glottis, velum and lips, each one forming
a separate articulator tier (Browman & Goldstein 1986). When gestures form to
compose words, the activation times of individual gestures in the vocal tract are
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coordinated in relation to the activation of other gestures by way of an ensemble
of limit-cycle oscillators which are connected to each gesture. When the atomic
gestures couple temporally to other units to form syllables, they constitute what
Browman and Goldstein call a gestural molecule. The following is an example of
a temporal plan of gesture activation (temporal score) for a word pen (Browman
& Goldstein 1995):

Velum wide

Tongue tip Clo

Alv

Tongue Body Wide

Pal

Lips Clo

Lab

Glottis Wide

Figure 2.

The length of the shaded boxes corresponds to the temporal duration of a given
gesture. Notice that gestures overlap with one another in time.

It has been proposed that syllable structure falls out from a self-organizing
system of non-linear limit-cycle oscillators which govern intergestural timing
(Nam & Saltzman 2003). In this system, timing relationships between ges-
tures are not prescribed by a central command control, common to information
processing conceptions of cognition, but rather emerge dynamically from the in-
teraction of oscillator ensembles. Thus the stability, entrainment and alteration
of relative phasing modes which result from speech timing can be understood
in relation to the interaction of the corresponding oscillator networks governing
speech production.

The Coupled Oscillatory Theory conjectures that onset and coda constitute
the two possible intrinsic modes of coordinating a consonant and vowel gesture.
It is generally accepted that coda gestures are arranged linearly (anti-phase,
Φ = ±π180◦) in relation to the preceding vocalic target while onset gestures
are phased globally (in-phase, Φ = 0◦) in relation to the following nucleus
(Browman & Goldstein 1986, 1988, and much subsequent work).

Although both consonant gestures in [CCV] structures are phased globally
(in-phase = 0◦) in relation to the following vocalic target, each gesture is also
coupled in an anti-phase (180◦) relationship with the other consonant gesture
(Browman & Goldstein 2000), resulting in a competitive coupling graph (Nam
& Saltzman 2003), the outcome of which ensures that each gesture of the com-
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plex sequence is recoverable (Browman & Goldstein 1988). The final coupling
phase which emerges at the end of planning is thus a concession between the
competing target phases (Nam & Saltzman 2003).

Syllable coordination results when the articulatory system settles into spe-
cific attractor states in the perceptual motor landscape. The landscape of at-
tractors must gradually be altered in order to allow the speaker to learn new
patterns. The learner must rely on learned patterns in order to make predic-
tions regarding the production of novel patterns. Learning occurs when the
new pattern becomes an attractor, a «stable state of the (now modified) pattern
dynamics» (Kelso 1995, 163).

Evidence for phasing can be found in the systematic patterns of gestural tim-
ing. Hermes et al. (2008) analysis of Italian complex onsets illustrate that (i) the
c-center in complex onsets remains stable in relation to the vowel, corroborating
predictions made by Browman & Goldstein (1988) and Honorof & Browman
(1995), and that (ii) the duration between the rightmost consonant and vowel
decreases, being forced rightward to accommodate the addition of the extra con-
sonant, verifying predictions made by Goldstein et al. (2007) and elaborated on
in Shaw et al. (2009). Shaw et al.’s (2009) study of temporal patterns in Moroccan
Arabic show similar results, substantiating the global hypotheses espoused by
Browman & Goldstein (1988), Krakow (1989, 1999), Sproat & Fujimura (1993),
Byrd (1995, 1996), Honorof & Browman (1995) and Goldstein et al. (2007), con-
cerning the temporal arrangement and duration effects of consonant gestures
in complex onsets.

3.2 A gestural-based grammar: Gestural Optimality Theory

Gafos (2002) integrates the spatio-temporal coordination of gestures into a gram-
mar based on constraint conflict (Optimality Theory, OT) in what has subse-
quently become known as Gestural Optimality Theory. The basic premise on
which this grammar is based is that gestural coordination is determined by
alignment constraints which reference a set of «temporal landmarks» during
the activation period of a gesture: onset, target, center, release, offset. Essen-
tially, there are three basic ways in which consonant sequences may be arranged
in relation to the following vocalic target:

It has been proposed that Spanish permits two ways to coordinate [CC]
sequences with the following vocalic target. Close transitions occur when the
release if C1 can align directly to the target of C2, as the configuration in (i)
illustrates above. This is accomplished when the phonetic properties of the
gestures permit the onset of C2 to occur in tandem with the realization of the
target gesture of C1, for example when the consonants come from different tiers.
Open transitions, on the other hand, arise when the phonetic characteristics of
the individual gestures do not permit synchronization between the release of
the target gesture of C1 and the start of the target gesture for C2. As Bradley
& Schmeiser (2003) suggest, this type of temporal pattern most often occurs in
complex onsets in which the C2 is [R]. Both patterns require the center of the
sequence to align globally to a following vocalic target.
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(a) (i) (ii)

(b)

Figure 3.

The temporal relations in (a) represent the two permissible patterns of intergestural
timing in complex onsets. The timing relation in (b) represents a first gesture which
is arranged linearly in relationship to the preceding vowel and a second gesture
which is arranged globally in relation to the following vocalic target. In (b), the first
consonant constitutes a coda gesture and the second consonant constitutes an onset
gesture.

Gafos (2002) proposes that coordination between the consonant gestures
is carried out by a function of the grammar which aligns the landmarks of
distinct gestures in order to form coordination relations. For complex onsets,
a constraint Align(C1, c-center, C2 onset) stipulates that the temporal center of
C1 must align to the onset of C2 (for close transitions):5

(2) Align(C1, c-center, C2 onset)
Align the temporal center of C1 with the onset of C2.

In intervocalic position, there are two options by which to arrange the ges-
tures with respect to the vowels. In the case that the phonetic postures of the
gestures permit coordination as a complex onset, then Align will require them
to do so. However, in the case that no coordination is possible due to the ar-
ticulatory requirements of the gestures, there is a natural conflict which must
be resolved. In the following section I will illustrate how this conflict can be
resolved in a gesture-based grammar and show how the resolution of this con-
flict can serve as an articulatory basis for the perceptual bias which leads to the
misinterpretation of the illusory vowel in word-initial /sC/ sequences.

5 Further constraints are necessary in order to bond the consonant sequence with the following
vocalic target. This point will be developed further in the following section.
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3.2.1 Gestural coordination in VsCV sequences:
a gestural basis for a perceptual bias

To date, no articulatory study addressing the spatio-temporal coordination in
/sC/ sequences in Spanish has been performed, although such data would cer-
tainly be welcomed. Data from other Romance languages though may provide
interesting insight into the coordination relations which govern Spanish syllable
formation.

In Hermes et al.’s (2008) study of complex onset formation in Italian word-
initial consonant clusters it was found that non-sibilant clusters in word-initial
position adhere to the predictions regarding syllabic constituencies outlined in
Shaw et al. (2009) with regard to the latencies from the rightmost consonant
to the vocalic target. Importantly, a c-center effect was found for all non-
sibilant word-initial clusters, meaning non-sibilant complex clusters indeed
form complex onsets.

Interestingly it was found that when /s/ was added to the clusters, the
target of the rightmost consonant does not shift towards the vocalic target, as
in non-sibilant headed clusters, but remains stable. This, according to Hermes
et al. (2008), suggests that /sC/ and /sCC/ clusters word-initially are in fact
heterosyllabic. The heterosyllabic status of /sC/ clusters has been proposed for
French, yet no conclusive data have been provided to corroborate such a claim.
These assumptions contrast with data from Spanish, not in the fact that Italian
and French may permit sibilant-headed word-initial complex onsets, but rather
that these languages permit non-tautosyllabic sequences to emerge in word-
initial position. In Spanish, it appears, word-initial consonant clusters may not
emerge heterosyllabically.

In intervocalic position, it is not at all clear how speakers of Italian and
French coordinate the sibilant in relation to the preceding vocalic targets. The
results of Bertinetto’s (2004) psycholinguistic study suggest little systematicity
concerning the syllabification of the sibilant in Italian. In a language-game task,
subjects tended to marginally treat word-internal /sC/ sequences as tautosyl-
labic, whereas in a follow-up concept formation experiment, the sequences were
given a treatment more akin to heterosyllabic sequences. A superficial read-
ing of available electropalatographic data for intervocalic [sibilant+consonant]
sequences in French reveals no convincing evidence for the duration effects
most commonly found for complex onset formation;6 that is, there appears to
be no reduction of the target of the rightmost consonant due to a shift toward
the vocalic target. Patterns of overlap between the intervocalic /sC/ sequences
are equally inconsistent across tokens, rendering any categorical declaration
concerning the heterosyllabic status of the sequence merely speculative.

Spanish syllabification, conversely, has traditionally been considered some-
what more systematic than French and Italian in the sense that there are no
examples of /sC/ clusters word-initially. In this way, the distribution data from
modern Spanish support Itô’s (1989) syllabic parsing hypothesis which states

6 The data I refer to here were collected at the Laboratoire de Phonetique et Phonologie of the
Université de Paris Nouvelle Sorbonne 3.
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that parsing at word-boundaries is subject to stipulations regulating syllable-
boundaries. Diachronic data of /e/ prosthesis to the left margin of word-initial
/sC/ clusters support this assertion (Gibson 2010):

(3) Prosthetic /e/ in phonologized Latinate forms
Spanish adaptation Latin root
esperado sperāre ‘hoped’ past part.
espejo specŭlum ‘mirror’
estado status ‘status’
esfera sphaera ‘sphere’

As in the synchronic cases discussed in the present article, all word-initial
/sC/ sequences in the Latinate items also surface with the prosthetic vowel.

Results from a series of psycholinguistic tests with native Spanish-speaking
children may shed light on the articulatory arrangement of output gestures in
Spanish. In an independent test whose results will be published in a future
article, a group of three-, four-, and five-year old Spanish-speaking children
were asked to parse words into syllables in game form. The subjects were given
a polysyllabic token containing the word-medial /sC/ sequence and asked to
clap out and repeat orally the syllables, each syllable receiving one clap. The
results indicate that Spanish-speaking children routinely coordinate the sibilant
and following consonant to different vocalic units, forming a heterosyllabic
sequence word-medially.

Following Gafos (2002) and Davidson (2003), here it is proposed that the in-
tervocalic coordination of /sC/ sequences can be expressed by the hierarchical
organization of three basic families of constraints which govern the spatio-
temporal coordination of output gestures. The constraint *Overlap/Fα,Fβ pro-
hibits overlap between contiguous gestures which are specified for a given
feature. In the case of /sC/, for now this will be expressed as *Over/F[sibilant],
[+consonant]. Due to the lack of articulatory data, however, commentary will be
withheld for now as regard the nature of this failure to overlap. Simply, there are
not enough data to determine whether this point is regulated by biomechanic
principles, or is governed by linguistic factors:7

(4) *Overlap/Fα,Fβ
Do not overlap the release of a gesture specified for afeature Fα with
the plateau of a following associated gesture specified for a feature Fβ.
(Davidson 2003)

Such a constraint presents a natural conflict with any constraint which seeks
to coordinate two gestures as a complex onset (Gafos 2002): Coordinate-cc (C1
c-center, C2 onset) (henceforth, Coord-cc (C1 c-center, C2 onset)).

7 Modifications to this basic constraint may be needed to account for sibilant+glide sequences,
which are licensed in Spanish. However, based on the historical evolution of the sibilant+glide
sequences in Spanish, a nucleus analysis of glides is warranted. That is, in sequences such as [sw],
sueco ‘Swedish’, and [sj] siete ‘seven’, the glides form part of the syllable nucleus.
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(5) Coord(inate)-CC (C1, c-center, C2 onset)
Align the temporal center of C1 with the onset of C2.

Finally, as Gafos and Davidson have pointed out, coordination constraints
must interact with a series of constraints which define association relations be-
tween consonant and vocalic gestures in order to bond the sequence with a
following vocalic target. Gestural Association Theory (Davidson 2003) posits
that (i) gestural coordination is a grammatical operation, and as such is (ii) sub-
ject to the exponential proliferation of possible output coordination patterns by
GEN. In this theory, associations are the «natural correlate of syllable structure»
(Davidson 2003, 105). Essentially, association constraints formalize relations for
a series of gestures which are regulated by Coord constraints, specifically CV,
CC, and VC gestures (Davidson 2003):

(6) Assoc(iate)-CV
A consonant gesture must have a coordination relationship with the
nearest following vowel gesture.

(7) Assoc(iate)-CC
A consonant gesture must have a coordination relationship with adjacent
consonant gestures.

(8) Assoc(iate)-C
A (non-nuclear) consonant gesture must not be unassociated.

(9) *Mult(iple)Assoc(iation)
A consonantal gesture must not be associated with multiple vowels.
Consonantal gestures associated with different vowels must not be as-
sociated with one another.

The following hierarchical ranking of these constraints yields correct predic-
tions for intervocalic /sC/ parsing (Davidson 2003):

(10) *MultAssoc, Assoc-C, *OV/[sib],[+cons], CV-Coord, CC-Coord, DEP
� Assoc-CV, Assoc-CC, *OV/[sib],[+cons]

Notice how the conflict plays out in the following tableau for an intervocalic
/sC/ sequence. Solid lines between gestures represent coordination relations:
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(11) Nonce input: /aspa/
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Here candidate (11b) turns out sub-optimal due to the fact that it coordinates
two segments which do not permit phasing as a complex onset. Candidate
(11c) is eliminated for coordinating both segments as a complex coda while
leaving the following vocalic unit unassociated, fatally violating CV-Coord.
Candidate (11a) turns out optimal due to its satisfaction of the higher ranked
constraints while committing only a consequential infraction to the inferiorly
ranked Assoc-CC, which regulates the association between two contiguous
consonant gestures.

Over time a child raised in a Spanish-speaking environment will learn that
no native /VsCV/ input structure ever violates the veracity of the previous
hierarchy. From a purely action-based account then, two generalizations can
be deduced by the language learner. First, the learner can presume that /sC/
are always coordinated to different vocalic targets. Secondly, yet interrelatedly,
she will gather that the consonant gestures are flanked on either side by glottal
aperture and corresponding vocal fold activation related to some vowel gesture.
These are important generalizations from the perspective of statistical learning
since the language-learner never has positive output evidence for which to
question the hierarchical organization she has learned. Spanish simply does
not present alternative possibilities by which to arrange consonants and vowels
in /VsCV/ input.

As the learner acquires new inputs from her native language, the production
hierarchy becomes reinforced, forming a bias which distorts the novel auditory
input. Thus when an innovative structure is perceived which does not coincide
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with the rules of intergestural coordination provided by Spanish, the language
learner will process the acoustic input in accordance with the rules governing
spatio-temporal coordination in Spanish syllables. Thus an unlicensed word-
initial /sC/ sequence will be interpreted as intervocalic (between two glottal
apertures with corresponding vocal fold vibrations) since that is the only per-
missible way to coordinate these gestures in Spanish. In absence of acoustic
evidence specifying the vocalic unit which corresponds to the first vowel, the
system inserts the most «neutral» vocal tract setting corresponding to vowel
gestures by default.

As regard lexicalization then, it is logical to assume that the language learner
will store the distorted input to memory even if acoustically there is no vocalic
element. It is clear that the language learner perceives there is, and therefore
has no empirically-based motivation for which to question this generalization.
Prince & Smolensky (1993), basing their argument in part on Stampe (1972),
formalize this concept into their Lexicon Optimization strategy which states that
if there is no empirical evidence to the contrary, a language learner will always
lexicalize the form which coincides most closely with the output form.

With formal study of languages such as English which permit the word-
initial /sC/ structure, she may indeed reassess this generalization, or at least
learn to suppress the extra vowel gesture during production, but there is no
reason for her to ever deduce, based on perceptual experience alone, the non-
existence of a segment which for her is quite real. Thus at the time of production,
the only grammatically relevant constraint is that which forbids the elimination
of input segments, that is faithfulness.

4 A faithfulness account for vowel prosthesis
in word-initial /sC/ loan words

The basic premise on which the current proposal is based is that Spanish-
speakers form biases for native timing configurations which distort how certain
consonant sequences are perceived. It has been shown in past work, that
native Spanish-speakers perceive an illusory vowel in all non-native word-
initial /sC/ clusters. With no positive output evidence from the native language
to contradict the bias that develops over time, it is claimed that the form the
language-learner lexicalizes will be that which most closely matches the output,
as perceived.

This proposal is quite different from previous proposals treating vowel pros-
thesis in Spanish in the sense that the appearance of the vowel is not treated as
a grammatical operation, but is considered a function of the lexicon. As such
then, the only function the grammar plays in producing a prosthesized output
is to ensure that no input segments are deleted in the output.

Optimality Theory posits a function of this nature as a dependent of faith-
fulness, which ensures maximal correspondence between input and output.

Ianua 12 (2012)
ISSN 1616-413X



50 Mark Gibson

With specific regard to vowel prosthesis, a constraint Max-I/O (Maximality-
Input/Output) will ensure that all input segments are present in the output:

(12) Max(imality)
Every segment in the input has a correspondent in output (no segment
deletion).

Since no phonotactic constraint is violated by the vowel-initial input, there is
no sound reason to posit a specific markedness constraint which targets word-
initial /sC/ onsets.

As for coordinating the phonological units in time, the following constraints
are reintroduced:

(13) *Overlap/Fα,Fβ
Do not overlap the release of a gesture specified for afeature Fαwith the
plateau of a following associated gesture specified for a feature Fβ.

(14) Coord(inate)-CC (C1 center, C2 onset)
Align the temporal center of C1 with the onset of C2.

(15) Assoc(iate)-CV
A consonant gesture must have a coordination relationship with the
nearest following vowel gesture.

(16) Assoc(iate)-CC
A consonant gesture must have a coordination relationship with adjacent
consonant gestures.

(17) Assoc(iate)-C
A (non-nuclear) consonant gesture must not be unassociated.

(18) *Mult(iple)Assoc(iation)
A consonantal gesture must not be associated with multiple vowels.
Consonantal gestures associated with different vowels must not be as-
sociated with one another.

A complete hierarchy headed by faithfulness will appear as the following:

(19) Max-I/O � *MultAssoc, Assoc-C, *OV/[sib],[+cons], CV-Coord, CC-
Coord, DEP� Assoc-CV, Assoc-CC, *OV/[sib],[+cons]

Notice how this hierarchy is capable of coordinating the segments to their
corresponding vocalic unit:
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(20) Input: /estop/
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In this tableau, candidate (20b) is ruled out due to its fatal violation of
*OV/[sib],[+cons] which penalizes coordination between /s/ and a following
consonant gesture. Candidate (20c) presents an output in which the vocalic
gesture is eliminated in the output, a fatal violation to Max, the superior con-
straint. Candidate (20a) is deemed optimal due to the fact that (i) all input
segments are represented in the output and (ii) that /s/ and /t/ are coordinated
to distinct vocalic units.

5 Conclusion

In this article I have claimed that /e/ insertion in non-native word-initial /sC/
sequences does not result from a productive operation of the Spanish gram-
mar. Instead, I addressed results of a series of perception tests which suggest
that Spanish-speakers actually perceive an illusory vowel even if there is no
indication of such a segment in the acoustic environment. Past studies were
reviewed which confirm that the perception of an illusory vowel may be trig-
gered by high-level phonological biases referencing syllable structure. These
data formed the basis of the gestural-based analysis offered here in which it
was shown how a phonological bias can be derived from a hierarchy of coordi-
nation constraints which regulate the spatio-temporal coordination of Spanish
syllables.

Another important claim was made concerning the specific vowel which
inserts in these cases. I suggested an intimate link between the perception of
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an illusory vowel and the articulatory setting for Spanish. Although still in
its infancy, such an explanation could provide interesting new insight into the
systemic interaction of articulatory action and the perception of action in speech.
This topic will be readdressed in future studies.
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