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1. Introduction

Given the abundance of vowel reduction phenomena spreading across the
different language families, phonetic and phonological reduction is usually
analysed with respect to vocalic segments. It is, however, also the domain of
consonants. Certain languages, such as Spanish, tend to preserve their vow-
els — both in quantitative and qualitative terms — regardless of the speech rate,
and reduce the articulatory features of the consonants. Most Spanish dialects
are very much advanced in weakening phenomena, such as debuccalization
and assimilation of preconsonantal codas, spirantization of intervocalic stops
and word-final or intervocalic deletions, pointing very clearly to the univer-
sal lenition pattern (Harris 1969; Lipski 1996). These processes can be grad-
ual and very often depend on social factors, producing variation in the speech
patterns of different, or even the same speakers, which makes it difficult to
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analyse them on purely phonological grounds or establish the phonemic sta-
tus of such changes. Closely related languages, on the other hand (e.g. Por-
tuguese or Catalan), seem to present different patterns, with significant re-
ductions in vowels (Mateus, Andrade 2002; Mascaré 1978)'. Why is it that
Spanish seems to resist one type of reduction while engaging in another with
such mastery? This paper aims at addressing this issue, suggesting that a lan-
guage’s stress pattern is strictly connected with the freedom of reduction.
A disruption of this pattern may inhibit comprehension and speech percep-
tibility, vowels being the principal stress and melody carriers. Syllable tim-
ing makes Spanish quite different from languages with rhythmic and phrasal
stress patterns, such as French or English in which the role of vowels in car-
rying overall rhythm and melody, and hence crucial prosodic information, is
limited to full/stressed vocalic segments. Restricted or inexistent vowel re-
duction levels in syllable-timed languages, on the other hand, are less costly
in the process of communication due to more regular syllable duration dis-
tribution.

Nevertheless, the supposed inexistence of vowel reduction in Spanish
may be countered by certain dialectal properties, such as Mexican or An-
dean vowel reduction (Lope Blanch 1972, Lipski 1990). Interestingly, these
varieties have a tendency to preserve their consonants rather than weaken
them, which points to an interesting correlation between the two types of re-
duction processes. Furthermore, even languages traditionally perceived as
non-reducing (e.g. Polish, Nowak 2006) have been reported to show schwa-

! Tt is generally assumed that Romance languages are syllable-timed. Nevertheless,
there are exceptions, e.g. French has phrasal stress and vowel reduction, and such lan-
guages as Catalan or Portuguese are difficult to classify. They combine the properties
of Spanish and English in some respects and do present vowel reduction. They can be
therefore considered mixed systems — a conclusion which is still subject to debate (see
Nespor 1990, but also Prieto et al. 2012). What is interesting is that mixed or stress-timed
systems tend to have different stress cues and more robust vowel inventories as opposed
to ‘classical’ syllable-timed languages. According to Prieto et al., both phonological and
phonetic factors come into play here, and despite some similarities between systems,
durational vs. spectral differences between vowels in reduction contexts determine the
rhythm of a given language, which obscures the traditional division: syllable-timed vs.
stress-timed. Under an approach admitting more factors, Catalan is closer to Spanish
(syllable-timed rather than stress-timed like English). In this paper, I use the traditional
classification as Spanish is undoubtedly syllable-timed and duration differences between
its vowels are very small across contexts.
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like sounds in certain positions in rapid speech, which can be attributed to
Lindblom’s (1963) phonetic undershoot discussed in the following sections.
In the following parts of is paper, I present a general phonological and pho-
netic background of the discussed phenomena and examine the nature of re-
duction, its dependence on stress and implications for language acquisition,
perception and typology. This is effected based on the example of Spanish.
Based on evidence from this language, I assume that vocalic stability facili-
tates consonant weakening while vocalic instability blocks it, hence the two
types of reduction are correlated to some extent and result from language-
specific restrictions concerning sound distribution. At the same time, speech
comprehension is facilitated by language-specific perceptual cues resulting
from the sound inventory. In the case of Spanish, duration and intensity are
the most important perceptual cues and their disruption inhibits lexical ac-
cess. Thus, the presence or absence of certain types of phonological process-
es is of consequence for the phonology-semantics interface. In the follow-
ing sections, | discuss types of reduction and studies on the perception and
production of vowel categories, especially vowel quality, duration and stress
that lend support to the hypothesis that extended vowel and consonant reduc-
tions are mutually exclusive, and that syllable-based rhythm and small vowel
inventories lead to the development of different perceptual cues than stress-
based, robust systems.

The paper is structured as follows. Section 2 presents an overview of re-
duction processes in Spanish; section 3 discusses types of vowel reduction,
section 4 analyses the implications of reduction and stress for perception and
production. Section 5 summarises the theoretical discussion and provides
general conclusions.

2. Reduction processes in Spanish

This section presents an overview of cross-dialectal instantiations of re-
duction in Spanish, with a special focus on the Spanish consonants. As is
well-known, and fruit of numerous studies on the various lenition phenome-
na in the language (Brown 2009; Bybee 2002; Fontanella de Weinberg 1973;
Lipski 1996; Terrell 1979), virtually (and fruit of numerous studies on the var-
ious reduction/lenition phenomena in the language, e.g. Brown 2009; Bybee
2002; Fontanella de Weinberg 1973; Terrell 1979; see Lipski 1996 for an over-
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view), virtually all dialects of Spanish present some degree of reduction in
consonantal features. One of the most studied processes of this type is spiran-
tisation. According to this rule, intervocalic stops across the Spanish-speak-
ing world (with a possible exception in certain Central American varieties,
Joan Mascard, p.c.) become something between fricatives and weak approxi-
mants in connected speech, both inside words and across word boundaries.
Thus [b d g] become [B 0 ], e.g. lobo [1o.po] ‘wolf’, dedo [de.0o] ‘finger’, trigo
[tri.yo] ‘wheat’. Given the fact that the process extends to all but prenasal and
absolute-initial positions and can be advanced up to the point of total segment
loss (e.g. hemos hablado [e.mo.sa.bla.do] > [e.mo.sa.pla.o] ‘we have talked’),
it is best analysed as an instance of feature reduction and, generally, conso-
nant weakening.

Among other processes of reduction in the sense of weakening and (grad-
ual) loss of consonantal features, Spanish exhibits word-final consonant
weakening that includes devoicing, spirantization and elision as particular
strategies: Madrid rendered [ma.orit] / [ma.drif] / [ma.dri]. Meanwhile, the re-
nowned coda s aspiration (i.e. debuccalisation to [h]) involves the loss of place
features in various environments ranging from preconsonantal, through pre-
pausal to prevocalic. Yet again, the process of aspiration is further expanded
to gemination, preaspiration and consonant elision. Thus, depending on the
dialect meses ‘months’ can surface as [me.seh] or [me.se], while puesto ‘post’
as [pweh.to], [pwe".to], [pwet.to] or [pwe.to]. Similarly, the phrase chicas gua-
pas ‘pretty girls’ has either [t]i.kah.ywa.pah] or [tfi.kaywa.pa] as its surface
representation, while the phrase chicas altas ‘tall girls’ exhibiting prevocalic
and prepausal s has at least 3 possible renderings: [tfi.ka.sal.tah], [tfika.hal.
tah] or [tfi.ka.hal.ta] (Kenstowicz 1996; Bro$ 2012, 2015). Last but not least,
the Caribbean jota weakening can be added as another consonantal reduction
process in Spanish. By this rule, the velar fricative debuccalises to glottal [h],
as in elige ‘choose’ (imperative) [e.li.he], estar juntos ‘to be together’ [eh.tar.
hun.toh] (Lipski 1996; Quesada Pacheco 2010). The Spanish-speaking world
is currently divided into varieties that present only the glottal variant, dialects
that have both the velar fricative and the glottal one (the latter as a result of
s aspiration) and dialects with the velar fricative only (not to forget Peninsular
Spanish which has a uvular voiceless fricative inexistent elsewhere).

This overview is certainly not exhaustive, but definitely provides a gen-
eral idea of the extent to which Spanish reduces consonants. The question
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is what happens with the Spanish vowel inventory. As stated in the intro-
duction, unlike some related languages Spanish seems to have a particularly
conservative vowel system in which only 5 vowels exist and remain stable in
both synchronic and diachronic terms?. According to Sessarego (2012), the
language does not have a particularly ‘crowded’ vowel space. It is a syllable-
timed language in which all vowels have more or less the same length if we
ignore anatomical and general phonetic principles whereby e.g. open vowels
are inherently longer than close vowels. Besides, these scarce vocalic seg-
ments present very limited variability across contexts. There is no significant
difference in length between stressed and unstressed vowels in Spanish and,
all of the above facts combined, it is reasonable to assume that reducing vow-
els might disrupt the Spanish stress pattern in three crucial areas: comprehen-
sion, speech perceptibility and intonation.

It must also be pointed out that much of morphological and grammati-
cal information is stress-bound in this language. There are numerous mini-
mal pairs differing in stress that distinguish between the present and the past
tense, indicative and subjunctive modes, verbs and conjunctions/relative pro-
nouns, etc. Some examples are listed below.

(I) Stress-bound grammatical differences in Spanish

te ‘you’, clitic Vs. té ‘tea’

cantara ‘I/(s)he sing’ past subj.  vs. cantard ‘(s)he will sing’
hablo ‘I speak’ Vs. hablo ‘(s)he spoke’
hable ‘(s)he speak’ subyj. Vs. hablé T spoke’

Against this background, it is particularly interesting to learn that some
Spanish dialects do present some degree of vowel reduction (VR henceforth)
according to linguists. These include some parts of Mexico, Peru and other
Andean regions. Curiously, the same varieties tend to have no accompany-
ing consonant weakening. Although these cases need further investigation,
substantial descriptive literature can be found as support of the above claim.

The first dialect exhibiting some vowel reduction is the Spanish of Cen-
tral Mexico studied by Lope Blanch (1972) based on the speech of 100 in-

2 Tignore historical processes involving diphthong formation etc. in the evolution of
Spanish from Latin.



228 Karolina Bros

formants from Mexico City. According to this study, vowel reduction encom-
passes a series of changes ranging from partial devoicing to complete elision,
passing through a number of intermediate stages (1972: 57-58). According
to Lope Blanch and Boyd-Bowman (1952), the most important factor affect-
ing vowel reduction is the surrounding consonantal environment, especial-
ly voiceless [s]. Thus, VR involves predominantly e in s contexts and is not
accompanied by consonantal reduction. According to several sources, this
Spanish variety has a strong sibilant /s/ with no reduction, a strong /j/, often
realised as a fricative ([j], whereas it tends to be reduced to a glide in other di-
alects, also within Mexico) and a strong velar fricative sound. By contrast, the
Spanish of Yucatan has a weak /j/ that is often elided, /s/ that is sometimes as-
pirated or deleted, as well as instances of /x/ weakening to /h/. What is more,
stressed vowels are lengthened in this dialect and no VR can be observed (Al-
var 1969; Lope Blanch 1972; Boyd-Bowman 1952; Lipski 1996).

High rates of VR have been reported for the highlands of Ecuador (in-
cluding Quito). The changes range from devoicing to elision, predominantly
in mid vowels in contact with /s/. The percentages of vowel deletion accord-
ing to vowel position in the word are as follows: /i/ 50%, /e/ 30%, /u/ 5%, and
negligible rates for /a/ and /o/ in a non-final syllable; /e/ 75%, /o/ 10% and /a/
4%, and negligible rates for /i/ and /u/ in the final syllable (Lipski 1990: 13).
Lipski also indicates that vowel reduction in the final syllable has higher rates
due to the status of /e/ as the default vowel, as well as to the predictability of
/o/ in the plural of verbs (e.g. nosotros bailamos ‘we dance’). Other features
of this dialect include the fact that the coda /s/ remains a sibilant and can un-
dergo voicing before a vowel, as in los amigos [lo.za.miyos] ‘friends’. It is im-
portant to note, however, that the latter process is more frequent without VR
(Lipski 1996, Robinson 1979). What is more, the dialect has a clear distinc-
tion between the palato-alveolar fricative and the palatal approximant (a con-
sonantal feature considered very conservative and called /leismo). Ecuado-
rian Spanish also presents fortition rather than lenition in consonants in the
affrication of the /tr/ sequence.

Cusco Spanish is yet another variety where VR has been detected so far
(Lipski 1990, Hundley 1983, Delforge 2006, 2008). According to Delforge
(2008), Cusco Spanish VR rates are: /e/ 20%, /o/ 13%, /i/ 13%, /a/ 8%, and /u/
5%. Adjacent voiceless segments favour vowel reduction. This is because of
the late-occurring glottal opening gestures, for instance in fricatives, which
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makes these sounds more likely to overlap the gesture of the following seg-
ment. Thus, VR is an instance of devoicing by gestural overlap more than an-
ything else and occurs in [p_s], [s_s] and [m_s] contexts. Among other fea-
tures characterising this variety of Spanish, it should be mentioned that there
is a general tendency to reduce the vocalic system from 5 to 3 vowels due to
contact with Quechua (a 3-vowel system) that generates confusion in the dis-
tinction between high and mid vowels in many bilingual speakers, not only in
Peru, but also in Bolivia and other Andean areas (Lipski 1996). As far as con-
sonantal phenomena are concerned, there is a clear distinction between the
lateral palatal and the central palatal sound (//eismo) and a strong unreduced
/s/ sometimes produced as an interdental. What is more, voiced interdentals
are retained and often strengthened to plosives.

In Bolivia, the Afro-Yunguefio dialect was first studied by Gordon (1980)
and based mostly on impressionistic observations. According to this scholar,
vowel weakening most frequently affects unstressed /e/, followed by /o/, /a/
and /i/, especially in the /tVs/ environment. VR ranges from partial to com-
plete devoicing to elision, but the rates of reduction are quite low and high-
ly dependent on morphological conditioning and frequency effects (Lipski
2007, Sessarego 2012). Sessarego reports, specifically, following others, that
mid vowels are more affected in final than in non-final syllables, while the
opposite applies to high vowels (which are infrequent in word-final position).
Vowel /a/ is almost never reduced. Interestingly, VR also applies in voiced
contexts, usually after /m/ in the final syllable of the plural in verbs. Complex
noun phrases in plural, where both the final /s/ and the vowel are predictable,
is the usual environment of VR: dos chicos peruanos ‘two Peruvian guys’.
All in all, Sessarego indicates a lower rate of reduction in unstressed vow-
els in Bolivia than in Cusco (Delforge’s data), but both results are negligible:
3.5% for Bolivian and 9.9% for Cusco. Other features of Highland Bolivian
Spanish include: strong unreduced /s/, no spirantisation of intervocalic stops
in some speakers, strengthening: affrication of /tr/, strong velar/palatal frica-
tive, and a tendency to reduce the vocalic system from 5 to 3 (Lipski 1996).

Before moving on to the discussion of vowel reduction in general, it is
worth summarising the VR findings for Spanish. It seems that the phenom-
enon is not too extended and presents both inter- and intraspeaker variation
(Lope Blanch 1972, Gordon 1980) plus very low rates of occurrence, suggest-
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ing that it is merely a coarticulatory effect.’* The contexts of its occurrence do
not seem to be particularly uniform: although it is largely vowels that stand
next to voiceless segments that are affected, some reports also include post-
nasal contexts. The neighbourhood of /s/, however, seems to be prevalent®.
This is also in line with the fact that the process appears to be morphologi-
cally and grammatically dependent (plural of nouns and adjectives, plural
verb conjugations), and requires some level of sound/meaning predictability.
The mid vowel /e/, often reported to be the default vowel in Spanish, is the
most frequently affected, especially in post-tonic (and word-final) position.
The position in a word is a simple indicator of the advancement of reduction.
For instance, in Cusco word-initial devoicing is rare, pretonic non-initial is
slightly more frequent, while word-final syllables exhibit most frequent and
most extended (strongest) devoicing. Most ‘apparently elided’ items were re-
ported there (87% of complete devoicing and apparent deletion in word-final
prepausal contexts, Delforge 2008: 115). This points to the pathway of infor-
mation salience: the amount of information that can be inferred based on the
previous part of the speech signal increases in a linear fashion, i.e. the begin-
ning of the word will not be comprehensible if substantially reduced, which
makes it a prominent position, often subject to fortition. The end of a word is
more predictable as it is the host of grammatical category markers rather than
lexical meaning®.

Most importantly as to the phonological consequences of VR in Span-
ish, neither devoicing (partial vowel reduction) nor elision triggers weaken-
ing or assimilatory processes in coda consonants (Lipski 1990). The latter
process is especially controversial. Given the fact that many of the studies

3 Lope Blanch and Gordon report variable reduction in about half of their speakers.
Delforge (2008) divides her speakers into ‘frequent’ and ‘infrequent’ vowel-reducers.
In her study on Cusco Spanish, “[o]f a total of 16,581 unstressed vowels in the sample,
1,648 (9.9%) were identified as reduced”.

4 Lope Blanch reports that 90% of the reductions appear next to /s/, while Delforge’s
study mentions 69%. Interestingly, 83% of the devoicing in the latter study occurs be-
tween two voiceless consonants, and a further 14% between a consonant and a pause.

5 This, combined with the morphological conditioning mentioned above, makes
a good argument for positing a lexical diffusionist trajectory of language change for
these varieties of Spanish — from frequent words and based on lexical/grammatical pre-
dictability rather than spontaneous phonetic change. The opposite view is not totally con-
trary to this conclusion. In fact, the two explanations can be combined, as explained by
Labov (1994, see also Bros 2015).
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on VR in Spanish are largely impressionistic, it cannot be straightforwardly
determined whether elision actually takes place or is a merely perceptual ef-
fect, especially that it is found in predictable, word-final environments and
does not affect the neighbouring sounds that would otherwise undergo pho-
nological processes. The authors themselves do not agree on the matter. Lope
Blanch, for instance, is skeptical, claiming that it is difficult to determine
whether elision takes place by ear. Canellada and Zamora Vicente (1960) note
novel consonant clusters as a result of deletion, while Lipski argues that the
elided segments must be somehow retained in the underlying structure for
the purposes of phonology. The nature of reduction is also debatable: most
Spanish sources use the word relajacion ‘relaxation’, which is imprecise, to
say the least. More recent studies provide a clearer phonetic description of the
observed changes based on acoustic data. Thus, Delforge deems vowels to be
partially devoiced when the length of their voice bar is 30ms or less. When
there is no glottal tone, but some energy is observed on the spectrogram in F1
and F2, the vowels are considered fully devoiced. With no formants and no
voice, the vowel is analysed as ‘apparently elided’. Because Delforge’s study
does not provide information on the movement of the articulators, it cannot be
ultimately determined whether such extremely reduced vowels are actually
deleted (i.e. lack corresponding gestures). As the comparison of the formant
values between the stressed and unstressed tokens did not confirm any sig-
nificant differences, it seems reasonable to conclude that VR in Cusco con-
cerns voicing only, and not any vowel quality features (Delforge 2008: 112).
It must be emphasised that, as mentioned above, various factors have been
provided as contributors in the process of Spanish VR. Apart from the vicin-
ity of voiceless segments (Boyd-Bowman 1952; Lope Blanch 1972), morpho-
logical predictability (Lipski 1990), post-tonic position (Canellada, Zamora
Vicente 1960; Matluck 1952) and vowel quality (chiefly mid vowels®, e.g. Lip-
ski), speech rate’, word frequency (Delforge 2008; Lipski 1990, 1996) and po-
sition in the intonational phrase (Delforge 2008) can be added to the list. VR

% Which is in line with prominence and contrast discussed in the next section, but
against the insight that high vowels are most likely to be coarticulatorily devoiced due to
their inherent short duration and limited sonority.

7 Although not all researchers agree. According to Delforge (2008), contrary to ex-
pectations, speech rate does not seem to be that relevant for Cusco Spanish due to the fact
that reduction was observed even in very slow speech.
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is therefore a highly variable process of a phonetic nature. It is also one that
occurs in the absence of consonantal weakening in a given dialect. And, most
interestingly, it does not involve the ‘usual’ weakening processes of vowel-
reducing languages, such as raising or centralisation. It is most of all related
to a different set of features responsible for devoicing best described in terms
of Browman & Goldstein’s (1990) gestural coordination and overlap®. Cru-
cially, the process does not affect the quality of the Spanish vowels, although
it does affect durational distances between the different types of syllables:
pretonic, tonic, post-tonic, prepausal, and can exert influence on the overall
stress pattern of Spanish in the regions under discussion. Given the lack of
studies on this particular issue, such a line of reasoning cannot be pursued
here. I will assume, however, that the presence of VR (although purely pho-
netic and non-contrastive as far as the reported data are concerned) and the
lack of simultaneous consonantal reduction stand in some sort of relationship.
In other words, such ‘alternating’ reductions are not accidental. In the mean-
time, the vast majority of Spanish dialects that do not exhibit vowel reduction
of any kind strongly rely on the rigid vowel system and on the stress and in-
tonation that go with it. Before discussing the implications of these facts, let
us go through the different types and classifications of vowel reduction, as
well as through the consequences of VR for sound perception and production.

3. Types of vowel reduction

There has been a long debate concerning various types of vowel reduction
and their consequences for phonology. Some reductions can be classified as
purely phonetic, without consequence for the phonological processes or the
inventory of the vowel phonemes. These reductions are highly variable and
context-dependent. Categorical vowel reduction, on the other hand, introduc-
es contrast and tends to influence a given language’s phonology in various
other ways.

Another classification worth considering when studying cross-linguistic
patterns and contrasts is the division between prominence-reducing VR in

8 Although, according to Delforge, most devoicing occurs between voiceless con-
sonants, devoicing rates are highest for /i/ and /u/, and some ‘departures’ from cross-
linguistic trends can be observed, such as the frequent devoicing of /e/ word-medially
(2008: 122).
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which a “change in vowel quality leads to a decrease in articulation time”
(Crosswhite 2001) and rate-induced vowel undershoot that consists in the
“displacement of a given vowel in the direction of the surrounding conso-
nantal environment” (Lindblom 1963) and is a result of the “pressure to avoid
effortful articulations” (Crosswhite 2001). The first type is centralising, in-
volves the distinction between corner and non-corner vowels, and stands op-
posite to contrast enhancement expressed e.g. by means of tensing (or rais-
ing). The second type of VR is more in line with devoicing cases observed
across languages, and especially in Spanish — the topic of this paper.

The different classifications of VR result from the fact that the underly-
ing cause of reduction is still under debate. This is strictly related to the very
definition of vowel reduction. According to Lindblom (1963), VR is a gradual
process that results in a shrunken vowel space. This being rather uncontro-
versial, the question is whether vowel reduction in unstressed positions is due
to shorter duration, more marked coarticulation or reducing articulatory ef-
fort, or maybe a combination of the three factors (Mooshammer, Geng 2008).
The processes that can be classified as belonging to the VR category have
been studied under several types of conditions so far, not only unstressed
position, but also different speech tempos, variability in connected speech,
differences across the different prosodic constituents and boundaries, across
different lexical / grammatical categories, etc. (e.g. Lindblom 1963). Across
all these conditions VR is usually observed together with the change in vow-
el duration, suggesting a clear correlation in this dimension. Thus, it may be
concluded that whenever vowel duration decreases, reduction occurs, at least
to some degree. This situation was dubbed target undershoot by Lindblom
(1963) and further expanded by e.g. Flemming (1995, 2004). In line with the
gestural timing observations within the framework of articulatory phonetics
and phonology (Browman, Goldstein 1989, 1990), the less time the articula-
tors have to move from one configuration to another, the more coarticulatory
effects will be observed and the less precise they will be in reaching their tar-
get at any given time. This, in turn, will be reflected in vowel formant chang-
es and the apparent shrinking of the vowel space — all vowels will be less “‘pre-
cise’ and less perfect formant-wise.

The notion of prominence is central to the study of VR (Crosswhite 2001,
Harrington et al. 2000). Stressed vowels need to be more prominent: more au-
dible, precise and peripheral to ensure contrast. This can be viewed in terms
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of enhancement, or lack of it in the case of the less prominent unstressed vow-
els. In non-prominent positions vowels tend to be shorter, less precise in ar-
ticulation and less peripheral, hence centralised. They are also more prone to
coarticulation with the neighbouring sounds, especially when found between
consonants. Nevertheless, in most languages in which VR in unstressed syl-
lables leads to the neutralisation of vowel contrasts (purportedly via target
undershoot and gradual phonetic changes, as argued e.g. by Flemming 1995,
2004) height is the most affected dimension. The changes start with shrink-
ing the vertical space by raising low vowels, while front-back changes are
much more restricted (Crosswhite 2001, 2004).

Crosswhite (2004) analyses VR as driven by two separate mechanisms:
prominence and contrast. Thus, prominent segments should be avoided in
non-prominent positions (low, sonorous vowels such as /a/ should be raised/
reduced). At the same time, however, contrast should be enhanced and non-
corner vowels should be avoided in unstressed positions due to the difficulty
in maintaining contrasts in reduced, shorter segments. This favours /a/ and
disfavours mid and centralised vowels. Crosswhite further divides reductions
themselves into contrast-enhancing and prominence-reducing types. The
former ensures that “certain undesirable or perceptually-challenging vowel
qualities are limited to stressed position” (2004: 3), thus non-corner vowels
are given up. The end result is a limited vowel inventory for non-prominent
positions, one that offers maximal dispersion / distinctiveness (Lindblom
1986). The second type of VR is very well-attested and presents raising and
reduction to schwa. It is driven by the desire to avoid saliency in non-promi-
nent positions, and both high vowels and centralised vowels are in line with
this criterion, high vowels being fairly constricted and the shortest due to
minimal jaw opening and schwa being the most neutral spacewise’.

Note that the area of interest in Crosswhite’s analyses is VR seen as con-
trast neutralisation and therefore a phenomenon of consequence to the pho-
nology. No such effect has been reported in Spanish or similar languages,
apart from the fact that the type of reduction seems to be completely differ-
ent. Even though the effect of the neighbouring sounds was mentioned in all
of the studies, supporting the correlation between duration and undershoot —
and, consequently, coarticulatory effects — the outcome was invariably vow-

° Crosswhite (2004: 30) mentions Bulgarian and Sri Lankan Portuguese as examples.
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el devoicing and not changes in quality or aperture that might be interpreted
anywhere near the reductions of Lindblom (1963, 1986), Flemming (2004) or
Crosswhite (2004). It is true, however, that extreme cases of devoicing lead to
elision — a possible end result in typical vowel reduction languages (e.g. Eng-
lish or French). Indeed, Crosswhite (2004) argues that the restriction on non-
corner vowels in non-prominent positions seems to hold only in languages in
which stress is correlated with increased duration. No such effects are valid in
intensity-based stress languages (e.g. Czech) or those that use pitch accent.!
This would include the syllable-timed Spanish.

4. Stress, vowel reduction and perception/production

The principal assumptions of this paper follow from the discussion of
vowel reduction and the consonant/vowel reduction discrepancy discussed
so far. As already mentioned, my hypothesis is that since the stress pattern
is somehow connected with the freedom of reduction, stress and reduction
are correlated, and therefore the change or even minor disruption of a lan-
guage’s stress pattern may inhibit comprehension and speech perceptibility.
Stress and VR-related comprehension problems may point to some cues to
stress and reduction perception, and to the nature of the supposed sensitiv-
ity to stress shift, and vowel duration and quality changes in the speakers of
a syllable-timed language. Thus, auditory perception requires closer attention
in the context of both stress shift and VR.

Speech perception goes back yet again to ideas concerning dispersion
and enhancement in sound inventories. Naturally, apart from the fact that
each language is governed by similar principles (or rather tendencies, e.g.
for the front vowels to be unrounded and back vowels to be rounded, for the
maximization of contrast/perceptual distance between the existing sounds
etc.), those languages that have developed more robust vowel inventories
will accept smaller increments in perceptual saliency, and therefore smaller

10 Spanish uses pitch accent in prominent syllables in intonational contours. The
pitch accent is independent of lexical stress and can have different values (rising, falling,
flat) depending on the position of a word in the sentence and type of utterance (e.g. state-
ment vs. question). Interestingly, Navarro Tomas (1964) calls stress an ‘intensity accent’
to differentiate it from intonational stress (pitch accent). In this paper, I refer to pitch ac-
cent when talking about intonation. For a phonetic study on stress and accent in Spanish,
see e.g. Ortega-Llebaria (2006).
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differences will be perceived and distinguished from the rest by their speak-
ers. Languages with basic 5-vowel systems (e.g. Spanish), on the other hand,
have more perceptual space between each of the vocoids at their disposal
and will therefore be guided by other cues than speakers of 12-vowel sys-
tems (e.g. English).

Vowel contrasts are typically described as governed by a set of acous-
tic parameters, chiefly the first and second formant (Liljencrants, Lindblom
1972). “Maximally distinct contrasts are preferred because they are less like-
ly to be confused by listeners” (Flemming 2005: 3). Thus, maximising dis-
tinctiveness is a key perceptual principle. This can be ‘facilitated’ by en-
hancement, i.e. the presence of additional features that enhance the effect of
distinctive features pertaining to a given sound and help the listener better
identify the sound and contrast it with other sounds in the inventory (Diehl
1991; Ohala 1985; Stevens, Keyser, Kawasaki 1986). Such contrasts can be
neutralised in non-prominent positions, allowing for less distinct but more
context-dependent vowel qualities (e.g. F2 contrasts are neutralised in verti-
cal vowel inventories and centralising reduction languages such as English, in
which all vowel qualities can be reduced to schwa — a sound that is highly in-
fluenced by the surrounding sounds). From the point of view of the differenc-
es between the vowel inventories of different languages and the consequent
discrepancies in their stress patterns (rhythmic, stress-timed, syllable-timed
etc.), it would be interesting to test the perception and production of non-na-
tive patterns and see how they relate to the general observations on contrast
and perceptual considerations in phonemic inventories.

Studies involving second language acquisition (SLA) may shed some light
on the predictions concerning the above. Gomez Lacabex, Garcia Lecumber-
ri & Cooke (2007), for instance, tested the perception of English vowel reduc-
tion by trained Spanish learners. They follow the insight of previous studies
in SLA in assuming that non-native contrasts are difficult to both perceive
and produce due to the native inventory bias. Unknown and untrained con-
trasts are difficult to perceive for speakers whose inventories are substantially
different, although some studies suggest that they can be acquired with suffi-
cient training (e.g. Flege 1995). While schwa is a very frequent reduced vari-
ant in English, Spanish lacks centralised vowels of any kind and although it
may reduce the duration and movement of the articulators to some degree in
rapid speech, the five canonical vowels never lose their quality (Quilis 1996).
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According to some previous studies on these issues, Spanish speakers tend
to be heavily influenced by spelling (<a> is always [a], whether it is the word
‘and’, ‘an’ or ‘sand’)!' and while some awareness of the schwa can be ob-
served, major problems are encountered in production (Kondo 1995). Most
importantly, however, vowel reduction and stress seem to be independent of
one another for these speakers (Flege, Bohn 1989). Meanwhile, the percep-
tion of schwa by untrained speakers of Spanish is a mere 62%, not too much
above the chance performance levels for perception tasks based on minimal
pairs (Gomez Lacabex, Garcia Lecumberri 2005). Moreover, students are
more likely to (erroneously) perceive reduction in strong words than in weak
words, and in word minimal pairs rather than syllable minimal pairs. This
suggests that Spanish speakers largely fail to recognise VR — they cannot reli-
ably discriminate between weak and strong vowels. Specific training is need-
ed, as it was reported to definitely boost both perception and production.!? In
another study on the perception of vowel reduction by Spanish speakers Di-
ettes (2010) concludes that the subjects (Colombian speakers of Spanish) do
not perceive the English schwa as a separate category. Instead, they both per-
ceive and produce it as any of the native vowels depending on the context, and
many times relying on spelling.

The results reported above are not contrary to the expectations concerning
speakers of a language that presents no sensitivity to stress/lack of stress in
terms of vowel quality. What remains to be established is what constitutes the
principal cue to stress perception in this language. Some studies have aimed
to provide an answer. Cues to lexical stress in Spanish were first discussed
in Contreras (1964) and Navarro (1964). According to Navarro, variations in
pitch can be associated with intonation, while duration and intensity are the
domain of general lexical stress, with an emphasis on the intensity dimension.
This is supported by the fact that, as already mentioned, many lexical items in
Spanish tend to differ solely in stress and no other phonetic property. Navarro
Tomas cites such triplets as limite-limite-limité ‘limit” (noun), ‘limit” (15t / 3%
p- sg. present subjunctive), ‘limited’ (1% p. sg. past tense), célebre-celebre-cel-
ebré ‘famous’, ‘celebrate’ (1 / 3 p. sg. present subjunctive), ‘celebrated’ or

" The example comes from my own experience in teaching English pronunciation to
foreign students. The same conclusions are drawn by Diettes (2010).

12 Lively et al. (1994), McClasky et al. (1993), Flege (1988), Gémez Lacabex, Garcia
Lecumberri, Cooke (2007).
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deposito-deposito-depositd ‘deposit/warehouse’, ‘deposit’ (1% p. sg. present
indicative), ‘deposited’. Spanish contains innumerable examples of this kind.
According to Navarro, the only phonetic difference between these variants
lies in intensity, thus it may be concluded that ‘the Spanish ear is especially
sensitive to this cue’ (1914: 177).

The greatest difficulty in studying stress cues lies in the fact that Spanish
stressed syllables tend to coincide with pitch accents responsible for intona-
tion. It may be that pitch and duration are therefore cues to accent (intonation)
rather than (lexical) stress. To disentangle the two domains and their corre-
sponding cues, Ortega-Llebaria (2006) analysed pitch, duration and intensity
in accented stressed syllables, unaccented stressed syllables and unstressed
syllables in native Spanish speakers and then compared utterances with an
intervening intonational phrase boundary with those without it. The study re-
vealed that the IP boundary was a determining factor in the patterning of pitch
and duration, but not intensity. Duration is apparently sensitive to all pho-
nological categories, accented stressed syllables being the longest, followed
by unaccented stressed and unstressed syllables. Only accent seems to be
correlated with pitch changes (FO). Unaccented vowels, even when stressed,
did not present pitch changes. Further evidence for the discrepancy between
stress and accent cues is provided by Ortega-Llebaria & Prieto (2007) who
examine the stress contrast between accented and deaccented syllables. Cru-
cially, intensity was found to be a determining factor for stress in terms of
perception. Stressed syllables are possibly perceived as more prominent in
Spanish “due to an increase in the intensity levels in the higher [...] regions of
the spectrum”, a phenomenon referred to as spectral tilt (2007: 19). Duration,
however, was also reported to be of importance as a cue in this study. Another
cue: vowel quality was observed in the case of mid vowels. Slight centering
movements could be distinguished in acoustic terms in unstressed positions.

While vowel reduction is an important cue for stress in some languages
(e.g. English, Huss 1977, Beckman & Edwards 1994),* other languages pre-
sent a strong preference for other cues, such as duration and intensity, despite
having centralised vowels (e.g. Dutch, Sluijter, van Heuven 1996; Sluijter, van

13 According to Huss’ study, English speakers cannot distinguish between stressed
and unstressed syllables solely by duration and intensity cues in the absence of pitch dif-
ferences and/or vowel reduction.
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Heuven, Pacilly 1997)". Meanwhile, according to a perception study con-
ducted on Catalan speakers, duration and intensity cues play a role in the per-
ception of vowel [i] that does not undergo reduction in unstressed syllables,
while vowel quality was the dominant cue for the reducing [a], which is sim-
ilar to the results for English (Ortega-Llebaria, Prieto & Vanrell 2008)."5 In
other words, despite the correlation between vowel quality and stress, reduc-
tion is not equivalent to the absence of stress. Speakers depend on a cluster of
cues in order to perceive stress depending on the stress/accent context, and on
the vowel. Spanish, on the other hand, in the absence of vowel reduction and
when pitch differences are disregarded, shows that the perception of stress is
highly vowel-dependent. While low vowel [a] is perceived largely based on
duration, this cue has hardly any effect on the perception of [i] in the case of
which intensity is the decisive factor. Production experiments show larger
duration differences for more open vowels ([o] against [i] in Llebaria’s stud-
ies), which, combined with the perception data, can be attributed to the in-
herent properties of vocoids, at least to some extent.!® Nonetheless, the result
certainly informs us on the correlation between at least these two cues. Most
importantly, it should be noted that in the absence of vowel quality changes
and pitch fluctuations, Spanish speakers are able to correctly identify stress
in minimal pairs, relying on both duration and overall intensity. Naturally,
due to the lack of VR in Spanish, vowel reduction is not a possible cue for
stress recognition. All in all, duration seems to be a stronger cue than intensi-
ty across all contexts in both production and perception, which is in line with
other studies on the perception of stress (e.g. Turk, Sawusch 1996).
Concluding the discussion on stress perception, it may be said that Spanish
native speakers should be rather apt at identifying stress and stress contrasts
due to the fact that Spanish uses contrastive stress and endows its speakers

4 The difference between Dutch and English may be attributed to the fact that al-
though both languages have vowel reduction, unlike in English where most unstressed
vowels are reduced regardless of morphology, in Dutch reduced vowels are usually found
in affixes (Gussenhoven 2003).

15 Catalan is like Dutch and English in that it presents vowel reduction. In Central
Catalan, the vowel inventory is reduced to [i, u] and schwa in unstressed syllables.

16" A generalisation has to be drawn based on incomplete data given the fact that the
production study mentions a discrepancy between the mid rounded vowel and [i] only,
while the perception study focuses on the contrast between [a] and [i], disregarding other
vowels.
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with a couple of ‘detection mechanisms’ cues based on greater relative du-
ration and intensity of the stressed vowels as opposed to unstressed ones re-
gardless of vowel quality.” When it comes to the detection of other vocalic
features pertaining to the stress pattern realm, such as stress-induced vowel
reduction, Spanish speakers are expected to fail given the absence of vowel
quality changes and therefore VR as a cue to stress recognition in their own
language. As demonstrated by perception experiments conducted by Bros
(2016), this is indeed the case. Whereas stress is identified correctly in nonce
words, changes in the original stress of native words disrupt comprehension
and Spanish speakers are unable to retrieve words with a shift of the stressed
syllable. Centralisation of unstressed vowels poses a serious threat to under-
standing the speech signal: the reduced vowel, when shortened and changed
in terms of quality towards the centre of the vowel space, is either unidenti-
fied or recategorised as /e/ or /a/. This result should be interpreted in terms
of the robustness of the perceptual space available for speakers of languages
with smaller inventories referred to in Section 4.

5. Summary and general conclusions

This paper has taken several observations concerning the behaviour of
Spanish dialects as a point of departure to the study of correlations between
stress and reduction. Given the fact that Spanish has a limited set of more or
less evenly distributed vowels that do not change their quality to any substan-
tial degree regardless of stress considerations, as well as the fact that numer-
ous consonantal reductions can be observed instead, it is suggested that one
type of reductions excludes the other. Furthermore, an overview of Spanish
varieties that have been reported to present vowel reduction demonstrates
that in such a case the consonantal inventory seems to be stable, contrary to
the lenition patterns observed in the rest of the Spanish-speaking world. This
lends support to the idea that vocalic stability facilitates consonant weaken-

17 Spanish speakers may be contrasted with e.g. French speakers who have been
deemed ‘deaf’ to stress contrast by Dupoux et al. (1997). An experimental study con-
ducted by Torreira, Simonet and Hualde (2014) points to the fact that the two cues are not
that robust in production and a 37% error rate in perception is significant, thus context is
needed to distinguish between minimal pairs of words with final and penultimate stress.
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ing while vocalic instability blocks it. Regardless of the causative agent, vo-
calic and consonantal stability seem to be inversely correlated.

Because the Spanish stress pattern is based on duration and intensity rath-
er than other factors in determining which syllables are more prominent, it is
further assumed that these cues will be the deciding factors in choosing the
stressed syllable in a word and retrieving this word from the lexicon. Revers-
ing the pattern or shifting these correlates of stress to a different position in-
hibits comprehension or results in confusion when the context cannot help the
speaker determine which lexical item is pronounced. This is confirmed by
SLA studies and perception experiments discussed herein. Thus, I conclude
that Spanish speakers have an internalised mechanism for identifying stress,
but also heavily rely on duration and intensity when determining which vowel
is stressed. At the same time, because other variables, such as vowel quality,
are not used as cues to stress, speakers cannot successfully rely upon them
and are confused when confronted with vowel quality changes instead of oth-
er correlates. Foreign categories, whenever recognised, have to be accommo-
dated within the native inventory and the choice of a particular vowel quality
can be driven by phonetic similarity, spelling or immediate phonetic context.

Thus, in a language where vowels are stable as opposed to consonants,
a disruption of this stability inhibits comprehension. There seems to exist
a limit as to the number of feature/category/formant changes across the con-
sonant-vowel inventory for communication to proceed uninterrupted. This
is best illustrated by the reverse reduction patterns in some of the Spanish
dialects and constitutes an important insight into the correlates of stress and
vowel perception, as well as possible obstacles as to the acquisition of a sec-
ond language, especially one that presents different stress/rhythm categoriza-
tion and cuing. Although further research is needed to confirm the hypoth-
esized correlation between the two types of reduction and its implications for
(second) language acquisition, given the general behaviour of natural lan-
guages, and articulatory and acoustic minima necessary to foster interspeak-
er communication, the hypothesis put forward in this paper seems to be well-
founded and worth testing in future investigations.
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Kilka uwag na temat korelacji mi¢dzy akcentem
a redukcja glosek w jezyku hiszpanskim

(streszczenie)

Jak powszechnie wiadomo, w jezyku hiszpanskim wystepuje wiele procesow re-
dukcji spolgtosek. Jednoczesnie, system samogloskowy tego jezyka jest dos¢ prosty.
Obejmuje on 5 stabilnych, réwnomiernie roztozonych fonemow, ktorych realizacje
s3 niezmienne bez wzgledu na akcent wyrazowy czy intonacje. Na uwage zastugu-
je natomiast fakt, ze w niektorych dialektach jezyka hiszpanskiego zaobserwowac
mozna redukcj¢ samogtosek w postaci ubezdzwigcznienia, ale bez jednoczesnego
wystgpowania zmian spotgtoskowych o charakterze lenicyjnym. Biorac pod uwage
taka a nie inng dystrybucj¢ procesow redukcyjnych, mozna dojs¢ do wniosku, ze re-
dukcja spolgtosek wyklucza redukcje samoglosek i odwrotnie. Pomiedzy omawia-
nymi dwoma typami zjawisk zachodzi zatem ciekawa zalezno$¢, ktora warto zba-
da¢ pod wzgledem produkecyjnym, percepcyjnym, akwizycyjnym i typologicznym.
Szereg badan z zakresu percepcji i produkceji samogtosek przez uzytkownikow ro-
dzimych je¢zyka hiszpanskiego wskazuje na to, ze systemy o mato rozbudowanym
inwentarzu samogtosek i rytmie sylabicznym polegaja na innych sygnatach niz ty-
pologicznie inne jezyki przy rozpoznawaniu akcentu i melodii (jako$ci samoglo-
ski). Nawet niewielkie zmiany jakosciowe i akcentowe wptywaja zas$ negatywnie na
zrozumienie poszczegolnych elementéw leksykalnych i znacznie zaburzaja procesy
przetwarzania mowy.



