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1 Introduction

The concept of lenition is very often invoked in the study of extended con-
sonantal changes across the world’s languages, especially those that involve
voicing, spirantisation and consonant loss. These and other phonetic pro-
cesses are usually examined jointly under the umbrella term ‘weakening’,
which is equivalent to lenition, given that they involve similar sounds and
environments in different language families. Both the actuation and the
motivation of lenition, however, are still under debate, with various theo-
ries converging on some points but differing on others (see e.g. Katz 2016,
Cohen Priva 2017). Building on previous work in this respect, we focus in
this paper on the relationship between the underlying phonological specifi-
cations of stops and their phonetic realisations. The principal goal of the
study is twofold. First, in the spirit of grounding phonological generalisa-
tions and analysis in solid empirical data, we want to provide a comprehen-
sive database of well-described naturally produced sounds. Given that no
quantitative data have been provided to date for the Spanish of Gran
Canaria, we hope to contribute to the study of language by adding a thor-
ough description of weakening changes in this dialect. A second aim is to
show how gradient phonetic effects reflect underlying contrasts and point
to the way in which this relationship can be represented phonologically.
We investigate the roles of phonetic, phonological and social factors in gov-
erning lenition in the studied dialect. In the course of the paper, we will
demonstrate that the traditional featural interpretation of the examined
lenition processes does not capture the observed contrast preservation,
and that the acoustic measurements that we examine can be subsumed
under a more general phonological label: consonant aperture. Crucially,
our study supports recent findings concerning the mechanisms of lenition
(Katz 2016, Ennever et al. 2017, Cohen Priva & Gleason 2020). At the
same time, it provides novel data from an understudied dialect of
Spanish, and contributes to the debate on the prosodic conditioning of lan-
guage change.

The dialect in question, Spanish from the Canary Islands, has been
studied extensively in descriptive research (Alvar 1972, Trujillo 1980,
Oftedal 1985, Almeida & Diaz Alayon 1989), but has not been subject to
a comprehensive sociophonetic analysis involving conversational speech
from a variety of speakers of different ages and educational levels. In this
paper, we analyse our corpus of spontaneous productions by 44 speakers
of both genders, aged 16—79, from the region of northern Gran Canaria.
A total of 4481 utterances produced by these subjects was annotated pho-
netically, and information on postvocalic stops undergoing different degrees
of lenition was entered in a database. The resultant material allows for a
comprehensive analysis of the phonetic, phonological and social variables
influencing the observed changes in pronunciation. The results reported in
the following sections show the extent and direction of changes in conso-
nantal constriction, their non-neutralising nature, the usefulness of key
acoustic parameters marking lenition, and the importance of phonological
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Lenition in the Spanish of Gran Canaria 3

structure, stress and positional effects in predicting output forms. In
the interpretation of our results, we draw on recent findings concerning
the role of duration and intensity in weakening (Katz 2016, Ennever
et al. 2017, Cohen Priva & Gleason 2020), as well as on studies provid-
ing synchronic analyses of Spanish and related languages (Romero et al.
2007, Villafania Dalcher 2008, Hualde & Nadeu 2011, Hualde et al.
2011, Parrell 2011, Carrasco et al. 2012). We also propose that the
harmonics-to-noise ratio is a suitable measure of consonantal changes
involving stops, and provide evidence of its usefulness in the study of
lenition.

The paper is structured as follows. §2 provides the theoretical back-
ground. §3 summarises the main features of Spanish from the Canary
Islands. §4 presents the materials and methodology. This is followed by
the presentation of results in §5 and discussion in §6. §7 concludes the

paper.

2 Theoretical background
2.1 Lenition: types and definitions

The various definitions of lenition involve such concepts as strength (Lass
& Anderson 1975), articulatory effort or ease (Kirchner 1998), changes in
sonority or openness (Lavoie 2001), articulatory undershoot (Bauer 2008)
and speech stream disruption mediated by prosodic effects (Kingston
2008, Katz 2016). All these approaches converge on the observation that
similar processes and outputs can be observed in similar environments
across language families, and that all of them involve relative changes in
duration and openness of the affected consonants. There is, however,
lack of agreement as to the ultimate cause of lenition, how to define the
non-phonetic term ‘strength’, the role of positional effects in the process
and why consonants in similar positions tend to undergo weakening in
one language and not in another. Without going into the details of the dia-
chronic aspects of lenition, we focus on issues that are directly related to
the data at hand. More specifically, we limit our discussion to synchronic
consonantal changes involving stops in intervocalic position.

To provide a general background, we briefly summarise the lenition pro-
cesses analysed in our data. These involve changes in manner and voice
specifications of postvocalic stops commonly referred to as spirantisation
and voicing respectively. Most, if not all, Spanish varieties undergo a
change from underlying /b d g/ to [[3 0 y] in intervocalic position (Harris
1969). The outputs of this change vary in the degree of opening and are
realised as non-spirants; hence we adopt the term ‘approximantisation’
to refer to this process. The context of these changes can be extended to
postconsonantal (except postnasal), depending on the dialect. The right-
hand environment can also be a sonorant or a different consonant.
Another, less generalised, weakening process is postvocalic voicing of the
voiceless series of stops, whereby /p t k/ are realised as either partially or
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fully voiced [b d g]. This process is reported for, among others, Majorcan
(Nadeu & Hualde 2015), Peninsular Spanish (Machuca Ayuso 1997,
Torreira & Ernestus 2011) and the Spanish of the Canary Islands (Alvar
1972, Trujillo 1980, Oftedal 1985). The last dialect is of special interest
here, as it combines the two leniting changes, and shows differential
results, depending on a series of phonetic and grammar-external factors.
It is also quite versatile with respect to the outputs of both weakening pro-
cesses. As will be shown in this study, treating them as changes in voicing
and manner is an oversimplification, and does not allow for a proper anal-
ysis of the way in which phonological contrasts are preserved on the
surface, especially the fact that there is no contrast neutralisation. We
will therefore argue for a different approach — one that is compatible
with Katz’s (2016) observations, which we now summarise.

Drawing on earlier works on the typology of lenition (Kirchner 1998,
Lavoie 2001, Gurevich 2004), Katz (2016) notes that there are certain
inconsistencies as to the way in which weakening processes affect segments
in different contexts. Most importantly, there is a discrepancy between the
behaviour of word- or syllable-final segments and that of sounds that
undergo weakening in intervocalic position. If it is cross-linguistically
true that lenition is strictly related to segmental and/or positional strength,
then there is no explanation for the weakening of intervocalic segments,
which, in phonological terms, occupy a rather strong, syllable-initial po-
sition. Another problem is the phonological outcome of the different
positional effects: final lenition usually leads to the loss of contrast, while
intervocalic processes are persistently allophonic. The latter observation
clarifies to some extent the conclusion drawn in Gurevich’s (2004) typo-
logical study that lenition is in most cases non-neutralising. As noted by
Katz, cross-linguistic typology guides us toward the distinction between
‘loss’ and ‘continuity’ lenition. The second type is governed by different
phonological and/or phonetic constraints than the first type. Rather than
a loss of features, it involves a change in the specification of the sound
which does not necessarily lead to complete elision.

The phonetic explanation of this change is another matter of debate.
Katz follows Kingston (2008) in linking lenition to fortition, and treating
both processes as instantiations of prosodically governed boundary
marking. According to this hypothesis, speakers mark the beginnings
and ends of prosodic constituents by greater disruption of the speech
stream, and may moderate such boundary marking inside prosodic consti-
tuents. Thus, leniting changes in intervocalic position usually involve an
increase in the intensity of a segment with respect to the flanking
vowels. Intensity contrasts are flattened in prosodically irrelevant posi-
tions, and consonants become auditorily more similar to the preceding
and following segments, making the signal more continuous (Katz
2016). Greater disruption of this auditory continuity serves as a boundary
or content marker. A similar view, involving consonants becoming more
sonorous or vowel-like, is proposed by Harris (2003). Additionally, in
view of the fact that intervocalic weakening leads to greater vowel-likeness,
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we hypothesise that similar continuity effects apply to the relative harmo-
nicity of the weakened sound, which can be measured using the
harmonics-to-noise ratio (see §3 for an operationalisation of this idea).

A slightly different approach to lenition as a phenomenon involving
intensity changes is taken by Cohen Priva & Gleason (2020), who focus
on the causal relations between the different factors. More specifically,
they provide evidence that changes in duration should be interpreted
as the primary cause of lenition, with intensity as an important parameter
that is nonetheless only indirectly linked to extrinsic causal factors of the
process, such as speech rate, informativity and positional effects. These
promote shorter duration of the produced segments and hence, indirectly,
lenition, which is manifested by increased intensity with respect to the
flanking sounds (Cohen Priva 2017).

A final point of interest in studies on lenition is thoroughly discussed by
Bauer (2008). First, he notes the very problem that Katz took up a few
years later: inconsistencies both in the explanations of the weakening
mechanisms and in the interpretation of changes between the underlying
and surface forms. He points out that prominent definitions of lenition
as either a decrease in the resistance to airflow in the vocal tract (Lass &
Anderson 1975) or a decrease in articulatory effort (Kirchner 1998) are
insufficient to explain different change trajectories across languages, as
well as the paradox created by the fact that positionally governed voicing
and devoicing processes may both be treated as lenition. Note that
Katz’s division of weakening into two types helps explain these discrepan-
cies. Bauer’s suggestion, however, involves articulatory patterns. He
emphasises that lenition as a process should not be confused with the posi-
tions in which it tends to occur or with any inherent proclivity of sounds to
undergo it. Rather, he draws on Browman & Goldstein’s (1992) theory
of Articulatory Phonology, viewing lenition as underachievement, i.e.
articulatory undershoot or failure to reach a phonetically specified target.
At the same time, he argues against the ‘strength hierarchy’ (Escure 1977)
and the idea that the presence of changes in stronger positions implies the
same changes in weaker positions. Given the existence of counterevidence,
he suggests that positional effects be excluded in analysing lenition. This is
the main point of difference between Bauer’s and Katz’s stance on lenition
phenomena. As Bauer suggests, different positions may at most increase
the likelihood of occurrence of a given process, but do not promote any
gradient or hierarchical effects.

To summarise the three discussions of lenition presented by Bauer,
Cohen Priva and Katz, we can conclude that the phenomenon encom-
passes a range of segmental and featural changes across different languages
that cannot be simply explained in terms of coarticulation or assimilation.
There appear to be certain positional effects, which nevertheless do not
seem to unequivocally predict lenition trajectories or degrees (see, for
example, the inconsistent results in Ennever et al. 2017). In a speech
stream, however, different positions may differentially affect the likelihood
of a given change, as they are closely linked to duration and accuracy.
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Among other factors influencing the time allocated to the production of
sounds, we can identify speech rate and the degree of informativity.
Finally, timing differences lead to greater coarticulation, gestural overlap
and undershoot. Consequently, target sounds are produced differently
than planned. In intervocalic positions, this means less of a disruption in
the speech stream and greater continuity of the intensity contour, and
hence greater aperture.

2.2 Gradience and categoricity in phonology

The debate on gradience ws. categoricity in phonetics and phonology is
perhaps one of the most important as yet unresolved issues in theoretical
linguistics. Traditionally, it is assumed that phonological features and pro-
cesses are categorical, whereas gradient changes belong to the realm of pho-
netics. Nevertheless, there is an increasing body of work pointing to the
need to represent some degree of gradience and phonetic detail in phono-
logy (e.g. Kirchner 1998, Flemming 2001, Stevenson & Zamuner 2017,
Turton 2017).

As noted by Scobbie (2007), many researchers have turned to empirical
evidence and quantitative methods in their investigations of uncontrover-
sially phonological processes, which has led to the identification of gradient
effects and the emergence of evidence for the coexistence of continuous and
categorical changes, and has made the boundary between phonetics and
phonology all the more blurred. These attempts have contributed to the
work on the phonetics—phonology interface, as does the present study.

Following Cohn (2006), we can identify different uses of the term ‘gra-
dience’ in phonological theory: phonetic (continuous) changes, variability
and gradient well-formedness. The latter is to some extent related to gra-
dient constraint violation, which is especially relevant for constraint-based
frameworks (see e.g. Kaplan 2018, Hsu 2019). Outside of this realm, the
hybrid model of phonetics and phonology proposed by Browman &
Goldstein (1992) has been one of the most successful interpretations of
gradient effects.

In this paper, we consider several types of broadly defined gradience.
First, we analyse spontaneous dialectal data which show both intra- and
inter-speaker variation. At the same time, we can observe variable
outputs of the analysed processes, with gradient phonetic effects (e.g.
partial to full voicing, approximants of varying apertures). Our aim is to
investigate the systematicity of these changes, their contrastive potential
and their relationship with phonology. Based on our results, we argue
that the phonetic evidence suggests that the feature(s) involved in the
process of lenition need to be rethought and reinterpreted as non-binary.
Thus the data provided in this paper contribute to the debate on sound
representations and on incomplete neutralisation and its phonological
interpretation.

While some approaches to gradience in phonology allow for the direct
inclusion of phonetic detail in phonological computation, for example
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constraint definitions and hierarchies (e.g. Kirchner 1998, Flemming
2001), we favour solutions that keep phonetics and phonology apart
(see e.g. Zsiga 1997, Hamann 2003). More specifically, we argue that
phonetic detail in actual production (necessarily characterised by
variability) informs phonology, i.e. implies non-continuous differences
between sounds, whether at the phonemic or the subphonemic level. At the
same time, surface gradience can point to featural relationships that are
not necessarily binary. We therefore propose a scalar redefinition of contrast
produced by obstruent lenition that best corresponds to the data examined
here (see §6.2).

3 Spanish spoken in the Canary Islands

The Spanish of the Canary Islands belongs to the so-called non-conserva-
tive group of dialects (Zamora Munné & Guitart 1982) with advanced con-
sonantal changes, such as deletion, glottalisation and debuccalisation
(Alvar 1972). The processes of interest to this study, i.e. non-continuant
voicing and spirantisation, are also well advanced. The voiced stop series
is heavily approximantised in most cases and shows a high incidence of
intervocalic deletion. In addition, the Canary Islands are renowned for
voicing [p t k tf/ postvocalically (Oftedal 1985, Almeida & Diaz Alayon
1989). Although the latter process is generalised in the archipelago, lin-
guists report variation depending on the island and on various social
factors, especially rural vs. urban place of origin and level of education
(Alvar 1972, Trujillo 1980, Morera 2007).

With this background in mind, we present the basic features of /[p t k b
d g/ in one of the subdialects — the Spanish of Gran Canaria. This island is
the most heavily populated, and constitutes both a cultural and a linguistic
norm centre. There are several descriptive works focusing on the phonetic
description and sociolinguistic aspects of the Spanish spoken there (Alvar
1972, 1975, Almeida 1990, Herrera Santana 1997); all of these mention the
process of intervocalic voicing of /p t k/ as a typical feature, especially
among illiterate speakers from rural areas. This, alongside other processes,
is referred to as lenition by Oftedal (1985), who provides a detailed pho-
netic description.

For intervocalic /b d g/, not only approximantisation but also deletion
has been reported (Oftedal 1985, Martinez-Celdran 1991). This, combined
with earlier studies devoted to surface variability in /b d g/ productions in
standard Spanish (e.g. Cole et al. 1999, Ortega-Llebaria 2004, Romero
et al. 2007, Eddington 2011, Hualde et al. 2011), shows that there are
several surface variants of both /p t k/ and /b d g/ in the language, which
at least partially overlap. It is therefore interesting to see how systematic
the observed changes are, and whether the weakening of the two series
of stops leads to the neutralisation or blurring of phoneme boundaries.
Since both [b d g] and [3 0 y] can be allophones of two separate series of
phonemes (/p t k/ or /b d g/), we are dealing with phonemic overlap,
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which can be of consequence for the entire phonological inventory of
Canary Islands Spanish.

The two weakening processes have antecedents in the evolution of
Spanish from Latin. These historical changes involved voicing, spirantisa-
tion and deletion, and led to the reshuffling of the Spanish phonemic
inventory (Recasens 2002, Hualde 2011). Today, we are able to investigate
ongoing lenition, which may or may not follow the same path: data from
speakers of different ages can provide information on the direction of lan-
guage change and its consequences for the dialect in question.

With this in mind, we looked at all outputs of /p t k/ and /b d g/ in the
Spanish of Gran Canaria from a broader, sociolinguistic perspective. One
of the basic goals of our study was to look at the evolution of surface forms
and at the differences between them in connection with the underlying
phonemic representations. For this, we had to limit our field of inquiry
to a uniform phonetic environment, and, since both series of non-con-
tinuants appear to undergo parallel weakening changes after vowels, we
focused on the postvocalic position, both inside words and across word
boundaries. As in historical changes, the environment for voicing and
approximantisation may not necessarily be intervocalic; sonorant conso-
nants are usually also involved. We therefore looked at all postvocalic
sounds, and annotated the righthand environment. A summary of the
surface forms observed in our data is presented in Table I, which shows
that practically all options are possible for both /p t k/ and /b d g/.
Underlying voiceless stops can remain voiceless, become voiced, approxi-
mantise or even delete completely in postvocalic position, both inside
words and across word boundaries. Underlying voiced stops can approxi-
mantise or elide both inside words and across word boundaries, and some
remain unchanged in the latter position. The table also presents outputs
produced in derived postvocalic positions, either inside words (e.g.
después) or across word boundaries (e.g. las velas). These contexts arise
as a result of a generalised (though optional) process of syllable-final con-
sonant deletion. Thus, for instance, in después, the [s/ from the first syllable
is elided, and hence the preceding vowel /e/ becomes the immediate left-
hand environment of /p/. Similarly, in las wvelas, the final [s/ of las is
deleted and /b/ becomes postvocalic. In such derived (i.e. post-deletion)
contexts, the possibilities are not very different, but their rate of occur-
rence is. More specifically, it is more probable that the processes of
voicing and approximantisation will be blocked, leaving the underlying
sounds unchanged. Deletion is impossible and, additionally, in some iso-
lated cases a voiced stop can even be devoiced. Of course, Table I presents
only a subset of possible forms from our corpus, and is intended to give the
reader a general idea of the surface forms and their underlying correspon-
dents. As mentioned before, postvocalic voicing and approximantisation
can also take place when the following sound is a sonorant consonant,
e.g. in la playa [la.'pla.ja] ~[la.'bla.ja] ~ [la.'3laja] ‘the beach’ or una
bronca [u.na.'bron.ka] ~ [u.na.'Bron.ka] ‘a scolding’. No deletion is possible
in these cases, however. ’
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UR voiceless stop | voiced stop | approximant (%]
Ip/ | guapo ['gwa.po] ['gwa.bo] ['gwa.[3o] ['gwa.o]
‘pretty’
se parece [se.pa.'re.se] | [se.ba.'re.se] [se.@a.'fe.se] [se.a.'re.se]
‘is similar’
después [de.'pwe] [de.'bwe] [de.'Bwe]
‘afterwards’
/t] | caseta [ka.'se.ta] [ka.'se.da] [ka.'se.Qa] [ka.'se.a]
‘tent’
y tal [i.'tal] [i.'dal] [1.'0al] [i.'al]
‘and so on’
las cosas [la.'ko.sa] [la.'go.sa] [la.'d0.sa]
‘the things’
k| | maquina ['ma.ki.na] ['ma.gi.na] ['ma.gi.na] ['ma.i.na]
‘machine’
la cama [la.'’ka.ma] [la.'ga.ma] [la.'ya.ma]
‘the bed’
los coches [lo.'ko.tfe] [lo.'go.te] [lo.'go.de]
‘the cars’
/b/ | cabeza [ka."(e.sa] [ka.'e.sa]
‘head’
la vela [la.'be.la] [la.'ﬁe.la] [la.'e.la]
‘the candle’
las velas [la.'pe.la] [la.'be.la] [la.'e.la]
‘the candles’
/d/ | helado [e'.1a.00] [e'la.o]
‘ice-cream’
mi donut [mi.'do.nu] | [mi.Qo.nu] [mi.'o.nu]
‘my doughnut’
las damas [la.'ta.ma] [la.'da.mal] [la.'0a.ma]
‘the ladies’
/g| | mago ['ma.yo] ['ma.o]
‘magician’
la guitarra [la.gi.'ta.ra] [la.yi.'ta.ra] [la.i.'ta.ra]
‘the guitar’
los guiris [lo.'ki.r1] [lo.'gi.ri] [lo.'yi.ri]
‘the foreigners’
Table 1
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3.1 Aims and hypotheses

As explained in § 3, the Spanish spoken on Gran Canaria displays a general-
ised process of lenition which encompasses both voiced and voiceless stops
in postvocalic position. Given the overlapping surface forms, it is worth
further investigating their distribution and the factors that influence it, in
order to establish the extent of the changes, how far they have progressed,
the social factors affecting them and, most importantly, their consequences
for the phonology of the dialect. In the remaining sections of this paper, we
investigate these issues based on key phonetic parameters used in studies on
lenition: intensity and consonant duration, as well as harmonics-to-noise
ratio. As will be argued below, the three measurements provide sufficient
acoustic characteristics of the observed weakening processes.
The hypotheses of this study are listed in (1).

(1) a. Hypothesis 1

The observed variation will be reflected in the acoustic parameters
to be tested, and will show gradient effects: the more lenited the
sound, the higher its HNR, the shorter its duration and the higher
its intensity. The observed sounds can be presented hierarchically
in terms of degree of lenition, from voiceless stops through voiced
stops and closed approximants to open approximants. This hypothesis
represents expectations concerning the phonetic dimension of
weakening. It also corresponds to the lenition scales proposed by,
for example, Escure (1977) and to the results of previous studies on
lenition in Spanish and other Romance languages (especially work
by Hualde and colleagues cited in this paper).

b. Hypothesis 2
The observed variation will reflect underlying contrasts, i.e.
approximants derived from voiced stops will show a higher HNR|
shorter duration and higher intensity than those derived from voiceless
stops. The same applies to surface voiced stops. This hypothesis
stems from the assumption that the lenition of /p t k/ is less advanced
than the lenition of /b d g/ and, given the overlap between surface
forms, that the observed changes are non-neutralising.

c. Hypothesis 3
The observed variation will be shown to be sensitive to phonological
effects. Surface sounds will show a higher HNR, shorter duration
and higher intensity in underlyingly postvocalic contexts than in
derived (post-deletion) contexts. This hypothesis stems from the
expectation that phonological derivation impedes complete neutrali-
sation of contrasts, which would constitute evidence for derived
environment effects.
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d. Hypothesis 4
The observed variation will be shown to be sensitive to phonetic
context, prosodic factors and lexical effects. Surface sounds will show
a higher HNR| shorter duration and higher intensity in unstressed
vs. stressed syllables, in word-medial vs. word-initial position, in
function words vs. content words, before vowels and liquids vs. other
consonants and pauses, after low and mid vowels and in dorsals.
This hypothesis explores the prosodic dependence of lenition proposed
by Katz (2016), and tests the sensitivity of changes to immediate
phonetic context previously reported for other dialects of Spanish

(Romero 1996, Carrasco et al. 2012, Simonet et al. 2012).

e. Hypothesis 5
The frequency and degree of lenition will be shown to depend on
phonetic, phonological, prosodic and lexical factors. We predict more
lenition and more advanced weakening in unstressed vs. stressed
position, in word-medial vs. word-initial position, in underlyingly
postvocalic vs. post-deletion context, in function vs. content words,
in underlying voiced stops wvs. voiceless stops, before vowels and
liquids ws. other consonants and pauses, after low and mid vowels
and in dorsals.

f. Hypothesis 6
The observed variation will be shown to be sensitive to demographic
factors. We predict more frequent and more advanced weakening
among young vs. middle-aged and older speakers, males vs. females
and speakers with high school and primary education vs. university
education. This social dynamic has been proposed for the Spanish
of the Canary Islands (see e.g. Alvar 1972, Bros & Lipowska 2019).

4 Materials and methods
4.1 Database

The corpus gathered for the study consists of digital recordings of 44 native
speakers from the north of Gran Canaria (18 females, 26 males), aged 16-79.
The recordings were made in February 2016 in Galdar and El Risco de
Agaete. All speakers were born and raised in Galdar, Guia, Arucas or Firgas.

Conversations in the form of semi-structured interviews were recorded
with the use of a Zoom H4N digital recorder and a Shure SM10a headworn
microphone at 44,100 Hz sampling frequency. Most of the recordings were
made in closed rooms with no background noise; however, some
conversations took place inside municipal buildings, where some
reverberation or noise was present. In the latter case, recordings were
carefully examined and bandpass-filtered using Adobe Audition (FFT
filter, Blackman-Harris windowing function; eleven subjects).!

! Initially, we had data from 55 subjects, but the quality of some of the recordings was
too low, even after filtering. We excluded the data from eleven subjects.
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Each interview lasted between five and 40 minutes. Around five minutes
from each interview were extracted and segmented into smaller parts, to
enable annotation in Praat (Boersma & Weenink 2019). Questions asked
by the experimenter, hesitations and noise produced between sentences
were all removed from the recordings. The data were then divided into
sentences, and transcribed orthographically. Based on this, automatic
alignment was carried out using the EasyAlign plug-in (Goldman 2011).
To enable its correct functioning, the audio files had to be divided into
fragments of maximally 60 sentences, meaning that between one and
four files per subject were created (128 files in total). A total of 4,481 sen-
tences and 111,317 phones were subjected to further analysis. From this,
we extracted the 16,454 occurrences of underlying postvocalic /[p t k b
d g/ analysed in this study, subdivided into the main database, which
contains all non-deleted sounds with the corresponding acoustic measure-
ments (13,668 in total), and a deletions database with contextual informa-
tion on all elided segments (2,786 in total). The deletions were annotated
manually, using TextGrids in Praat. EasyAlign outputs were hand-
corrected by the annotators, as there were multiple errors. Since we were
dealing with spontaneous speech in a specific dialect, many omissions
and deletions were not captured by the plug-in. The final TextGrids
which served as a basis for data extraction included a phone tier with
surface realisations, an underlying representation tier, a word tier and a
sentence tier.

For the annotation of the target sounds, we had to decide when a given
stop would be categorised as voiced and when it would be considered to be
an approximant. In the case of voicing, we examined the waveform, as well
as the voicing bar and glottal pulses, in the course of visual inspection of
the spectrograms. Because the preceding vowels often had a voicing tail,
we decided that a given stop was voiced if the voicing bar and pulses
were present in more than 50% of the total duration of the sound.
Otherwise, the sound was categorised as not voiced.> We used the Voice
Report generated in Praat to confirm the amount of voicing. The beginning
of the stop was at the end of the preceding vowel, and the end was marked
at the beginning of the periodic cycle of the following vowel, at the begin-
ning of a following consonant or at the end of the release before a pause.

2 Since the aim of the study was to compare underlying and surface categories, we had

to categorise sounds coarsely, without the use of intermediate options such as par-
tially vs. fully voiced stops or closed vs. open approximants. As partially voiced
stops are instances of lenition, we annotated them as [b d g], i.e. as fully voiced
items, taking 51% of phonetic voicing as a threshold. This is justified by evidence
from perception. For instance, Pape & Jesus (2014) demonstrate that a perceptual
voicing threshold can be found as early as at the 20-25% mark of stop duration,
and that listeners can reliably differentiate between voiced and voiceless intervocalic
stops in which voicing is maintained for more than 50% of the duration of the sound.
Similar results were found for other languages (Snoeren et al. 2008, Mercier 2019).
In addition, Martinez-Celdran (2009) found that Spanish speakers are confused by
words with partially voiced stops in minimal pairs. In our database, changing the
voicing threshold to 75% would not have affected the results; we therefore
present the data according to our original annotation decisions.
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Figure 1

T'wo instances of an underlying /t/ in the phrase si tiene ‘yes, he/it has’,
pronounced as [t] (left) and [d] (right) by the same speaker.

Fig. 1 shows examples of spectrograms of voiceless and voiced stops anno-
tated in the database.

For approximantisation, our methodology follows Eddington (2011)
and Hualde et al. (2011), and relies on several criteria: intensity contour,
periodicity in the waveform, presence of formants and auditory distinc-
tiveness. T'o maximise the uniformity of such delimitations, two annotators
provided a preliminary segmentation and a third annotator made final
decisions concerning the symbols used and the boundaries. In this way,
whatever bias in the data was due to manual annotation was the same for
all sounds.

When the waveform did not show the characteristics of a stop consonant
(no complete closure, periodicity in the signal, etc.) and formants were
visible on the spectrogram, we characterised the segment in question as
an approximant. For its delimitation, we marked the beginning of the
approximant at the fall in intensity (intensity trough) toward the end of
the preceding vowel and marked the end where intensity was rising
again before a following vocoid or where there was an inflection point,
i.e. a change in direction in the intensity curve, before a following conso-
nant. Whenever the differences in intensity were too small to reliably
decide whether an approximant was produced between vowels, we
decided that complete deletion had taken place. Examples of the presence
and absence of approximants are shown in Fig. 2.

4.2 Variables

The following acoustic measurements were used in the study: mean har-

monics-to-noise ratio, relative sound duration and intensity difference.
The harmonics-to-noise ratio (HNR) represents the degree of acoustic

periodicity of a given sound measured in decibels, and has been
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/k/ approximantised to [y] in the sequence un poco /un poko/ [m.po.yo]
‘a bit’ (left), and deleted underlying /b/ between [we] and [o] in the
word nuevos [nwebos/ [nwe.o] ‘new (PL.MASC)’, where it was impossible
to discern the approximant in the signal, although a slight dip in intensity
might at first sight indicate the presence of the consonant (right).

successfully used for measuring periodicity in sounds which are only partly
harmonic (see e.g. Barkanyi & Kiss 2010). A HNR of 0 dB indicates that
there is equal energy in harmonics and noise. However, if 99% of energy
of the signal is located in the periodic part and 1% in noise, the HNR is
20dB (10 x1og10 (99/1)); see Boersma & Weenink (2019). The higher
the HNR, the more harmonic (sonorous) the sound. It is worth mention-
ing that, to the best of our knowledge, HNR has not previously been used
in studies on lenition. We therefore test it for the first time here, on the
assumption that the more lenited a segment, the more vowel-like it is;
hence more harmonicity is expected. In the case of gradient changes in
obstruents from more constricted and consonant-like to more vowel-like,
HNR can provide valuable information.

Relative sound duration (target sound duration divided by the total du-
ration of the preceding sound + target sound + following sound) is con-
sidered to be a reliable lenition marker, as it correlates negatively with
the degree of consonant weakening, and has been used in several studies
on Romance languages (see e.g. Villafafia Dalcher 2008). To align this par-
ameter with our data, we calculated an alternative ratio: target sound dura-
tion divided by the total duration of the preceding sound + target sound.
This is because relative sound duration is usually employed with respect to
VCV sequences, whereas in our data the righthand environment was not
always a vowel, meaning that we would have to exclude the sequences in
which the following environment was a consonant or a pause. The alterna-
tive measurement gives a relative value allowing for interspeaker compar-
isons, at the same time making it possible to take all the data into account.

For the other key lenition marker — intensity — we calculated intensity
difference by subtracting minimum consonant intensity from the
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preceding segment’s maximum intensity, which allows for tracking
changes in the intensity curve.’ This measure was successfully used by
Martinez-Celdran & Regueira (2008) and by Figueroa Candia & Evans
(2015). Most importantly, different types of intensity measurements,
such as intensity ratio (Ortega-Llebaria 2004, Colantoni & Marinescu
2010, Carrasco et al. 2012), intensity difference with respect to the preced-
ing or the following segment (Hualde et al. 2010, Parrell 2010) and
maximum rising velocity in the intensity trajectory (Hualde et al. 2011)
have been used as markers of lenition. The assumption of all of these
approaches is that the smaller the difference between the sound in question
and the flanking vowels, the less constricted and hence the more lenited it
is. Several such measures have also been compared directly to articulatory
data, showing that acoustic parameters based on the intensity contour are
strongly correlated with the degree of aperture, and can be therefore suc-
cessfully used as a proxy of lenition by articulatory opening (Parrell 2010,
2011). In our case, intensity difference based on the preceding segment was
the most suitable parameter, given that all our obstruents were postvocalic
but not necessarily followed by a vowel.*

Other phonetic factors taken into account in the study include place of
articulation, righthand environment, preceding vowel height, preceding
vowel backness and speech rate (number of phones per second). They
have all been shown to play a role in the behaviour of underlying /p t k
b d g/ in Spanish (Soler & Romero 1999, Hualde et al. 2011, Carrasco
et al. 2012, Bros & Lipowska 2019). We also took into account various po-
sitional, prosodic and phonological observations: word-medial vs. word-
initial position, the role of stress, the nature of the underlying segment
and the effect of preceding sound deletion. First, earlier studies have
shown that lenition in Spanish is sensitive to stress (see Cole et al. 1999,
Ortega-Llebaria 2004, Hualde et al. 2011). Second, given the partial
overlap of surface forms, it is important to investigate the exact differences
and similarities between the different surface variants with the underlying
segments as reference points, with the help of acoustic parameters. Finally,
as mentioned above, derived intervocalic contexts seem to affect the con-
striction of the target sound. This needs to be tested statistically.

With respect to demographic factors, we first divided the subjects into
three groups based on their self-declared levels of education: primary
(8), secondary (12) and university (19). We had no information concerning
the level of education of the remaining five speakers. For age, we were

3 Note that the hypotheses listed in (1) mention expected values of intensity, rather
than intensity difference, which is potentially confusing. The expectations for the
latter are opposite to those of the former, i.e. the more lenited the sound, the
greater its intensity and the smaller the intensity difference between this sound
and the preceding vowel.

We decided not to use intensity ratio, perhaps the most widely used indirect mea-
surement of constriction degree, due to mathematical concerns. As pointed out by
an anonymous reviewer, since intensity is a measure based on a logarithmic scale
(dB), the division of the intensity of one segment by the intensity of another is incor-
rect, the correct approach being to calculate the difference.
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