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Abstract

The present paper reports an exploratory study analyzing a potential link between
mid-vowel gliding and nasal decomposition in Argentine Spanish. Argentine Spanish
has been reported to decompose the palatal nasal, /n/, into a sequence of nasal and
glide sequence, [nj] (Bongiovanni, 2015a, 2015b, in preparation; Kochetov & Colantoni,
2011; Malmberg, 1951). As a result, words like hurano /urdnio/ ‘unsociable’ and uranio
Jurdnio/ ‘uranium’ are no longer contrastive in this dialect of Spanish. At the same
time, this dialect exhibits mid-vowel gliding in hiactic vowel sequences. A potential link
between these two processes has been posited in recent research (Colantoni & Kochetov,
2010), as participants who decoupled the articulatory gestures involved in the production
of the palatal nasal also presented categorical diphthongization of hiatic sequences. The
present study compares the production of the vocalic portion in the syllables /na/, /nia/
and /nea/ in present day Buenos Aires Spanish to determine whether the presence of
nasal decomposition was accompanied by the dipthongization of the mid-vowel in /nea/
sequences. For this purpose, two acoustic cues were examined: (1) duration and (2)
formant trajectories of the vocalic portion. The results in the present study indicate no
link between these two phonological processes.
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1 Introduction

The present study investigates a potential link between mid-vowel gliding and nasal decom-
position in Argentine Spanish. Spanish has three nasal phonemes that contrast by place of
articulation: the bilabial nasal (/m/), the alveolar nasal (/n/), and the palatal nasal (/n/),
as in the words cajml]a ‘bed’, ca[n]a ‘white hair’ and ca[p]a ‘sugar cane’. Argentine Spanish
has been reported to decompose the palatal nasal, /n/, into a sequence of nasal and glide
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sequence, [nj]! (Colantoni & Hualde, 2013; Malmberg, 1951). As a result, words like huraio
Jurdnio/ ‘unsociable’ and wranio /urdnio/ ‘uranium’ are no longer contrastive in this dialect
of Spanish.

At the same time, Argentine Spanish, as is the case with other dialects of Spanish,
exhibits variation with regard to the realization of vowel sequences in hiatus. According to
Spanish normative rules of syllabification, two adjacent non-high vowels are in hiatus (Hualde,
2014). For example, the vowel sequence in teatro ‘theatre’ is syllabified as a hiatus, /te.d.tro/.
However, it is not unfrequent for mid-vowels to be realized as glides when unstressed and in
contact with another non-high vowel. The result of mid-vowel gliding is the realization of
hiatuses as dipthongs (Chitoran & Hualde, 2007; Colantoni & Limanni, 2010; Garrido, 2013,
2014; Hualde & Prieto, 2002). Thus, teatro can be variably produced as [tj4.tro].

It has been suggested in recent research that there may be a link between these two
processes (Colantoni & Kochetov, 2010). Colantoni and Kochetov (2010) examined the
realization of /n/ and the nasal-plus-glide sequence in Argentine Spanish and compared it to
that of Cuban Spanish. In particular, the researchers noticed that the Argentine participants
that decoupled the articulatory gestures involved in the production of the palatal nasal also
presented categorical diphthongization of hiatic sequences. However, due to the limited
number of participants (four), the authors were unable to determine whether these processes
were in fact linked.

These claims pose an interesting phonological puzzle related to syllable structure in
Spanish. On one hand, the result of one phonological process is the decomposition of /n/
into two segments, [n] and [j], and thus syllable structure changes from CV to CVV. On the
other hand, mid-vowel gliding modifies syllable structure from CV.V to CVV. These are
inherently different processes, but the reported outcome is the same. For this purpose, the
present study compares the production of the vocalic portion in the syllables /pa/, /nia/ and
/nea/ in present day Buenos Aires Spanish by examining two acoustic cues: (1) duration
and (2) formant trajectories of the vocalic portion. This study contributes to these issues by
providing an analysis of phonetic details.

The present paper is organized as follows. The remainder of this section presents an
overview of research on the /n/-/nj/ merger and on Spanish vowel sequences. Section 2
details research questions, predictions under analysis and methodology. The results are
presented in Section 3. Section 4 discusses the findings in light of the research questions.

1.1 The /n/-/nj/ merger in Buenos Aires Spanish

Several authors (Colantoni & Hualde, 2013; Kochetov & Colantoni, 2011; Malmberg, 1951)
have reported a tendency in Buenos Aires Spanish (henceforth, BAS) to merge the palatal
nasal /n/ and the sequence alveolar nasal plus palatal glide, /nj/, such that uranio /urénio/
[urdnjo| ‘uranium’ and hurano /urdpo/ ‘unsociable’ are neutralized. Mentions of variability

!The nasal and glide sequence has been represented as /nj/ or /n+j/ in the literature investigating the
merger with /n/ (see section 1.1). In the literature on vowel sequences, however, the notation often used is
/niV/, where the high front vowel can represent a full vowel (hiatus) or a glide (diphthong) and V is the
following vowel. In this paper, I will use /nj/ when referencing the merger. Elsewhere, I will use /niV/.



in place of articulation in onset nasal consonants in Argentine can be traced back to
the 1930s. For example, Henriquez Urena (1938) reported cases of depalatalization in
the Northeastern portion of Argentina. Malmberg (1951), on the other hand, reports an
accidental palatalization in fast and relaxed speech, and observes that it is common even
among educated speakers, though it disappears in slow or emphatic speech. Thus, these early
reports present contradicting directions of the merger, the palatal nasal going to alveolar
(i.e. Henriquez Urena, 1938) and the alveolar nasal going to palatal (i.e. Malmberg, 1951).

Recent research (Bongiovanni, 2015a, 2015b, in preparation; Kochetov & Colantoni,
2011) has addressed the merger /n/ and /nj/. For example, Kochetov and Colantoni (2011),
using EPG methodology, found that Argentine speakers presented more variation in the
realization of /n/ than in the realization of /nj/. In particular, some speakers of Argentine
Spanish maintained a clear distinction between /n/ and /nj/, producing an alveolar nasal
and a more typical alveolo-palatal nasal. Other speakers, on the other hand, realized /n/
in two distinct constrictions, alveolar/post-alveolar and palatal, that were not necessarily
simultaneous. The palatal constriction was delayed with respect to the alveolar constriction,
which suggested a sequence of [n] and [j] (i.e. decomposition), or a palatalized alveolar nasal,
.

In order to examine the merger between /n/ and /nj/ in greater detail, Bongiovanni (in
preparation) performed an acoustic analysis of the speech of 33 speakers of Buenos Aires
Spanish. In this study, the author examined duration of the nasal consonant, duration
of the vocalic sequence and formant trajectories into the vocalic sequence. The findings
revealed widespread overlap between the two categories. However, when the data was
analyzed according to speaker group and task, differences between the two categories
surfaced, especially in terms of the formant trajectories. The results indicated greater
acoustic differences between the youngest (15-19 years old) and the oldest age (45+) groups,
especially among male speakers who appeared to maintain the contrast. Additionally, when
attention was drawn to the phonological target, differences between categories were enhanced.
For this reason, the author concluded that, while there was extensive overlap between the
categories, there were traces of the contrast left.

What may have contributed to the merger of /n/ and to /nj/? There may be several
factors contributing to the merger. First, the merger does not have huge impact on the
Spanish lexicon as there are few minimal pairs. As a result, the contrast between /n/
and /nj/ may be considered weak. In addition, this is a hard-to-distinguish contrast due
to the acoustics of nasal segments. In particular, the nasal cavity clouds the phonetic
output, which causes the misapprehension of the acoustic signal. Finally, the lower type
frequency of /n/ when compared to /nj/ frequencies may have also led speakers to greater
decoupling of the articulatory gesture. This sound change may be driven by higher type
frequency of the phonotactic pattern nasal-plus-glide. All of this contributes to speakers not
having the linguistic experience to normalize or correct the variation in the acoustic signal,
misapprehending it, and consequently, moving towards language change.

In sum, the literature reviewed in this section indicates that the sound change that led
to the merger between /n/ and /nj/ is not complete as there are speakers that appear to
maintain the contrast, in particular when attention is drawn to the phonological target.



Additionally, taken together Bongiovanni (in preparation) and Kochetov and Colantoni
(2011) suggest that the merger is in the direction of /nj/, contrary to observations by
Malmberg (1951).

1.2 Variation in mid-vowel gliding

Vowel sequences in Spanish can be heterosyllabic and tautosyllabic. For example, the
sequence /uo/ can be produced as a dipthong, in continuo /kon.ti.nuo/ ‘continous’, or as a
hiatus, in continido /kon.ti.nd.o/ ‘(I) continue’. Syllabification as diphthong or hiatus depends
on the quality of the vowel (whether high or non-high) or position of stress. Normative
Spanish syllabification rules are presented in (1), as summarized in Colantoni and Hualde
(accepted).

(1) Spanish syllabification rules
a. Two adjacent vowels are a hiatus if:

i. neither vowel is high.
asea [a.sé.a/ ‘s/he cleans’

ii. one vowel is high and stressed.
hacia /a.si.a/ ‘s/he used to do’

b. Two adjacent vowels are in dipthong otherwise.
hacia /a.sia/ ‘towards’

Many dialects of Spanish exhibit a tendency to realize the mid-vowel in hiatic vowel
sequences as diphtongs (Colantoni & Limanni, 2010; Garrido, 2013, 2014, inter alia). Thus,
a word such as teatro may be variably realized as [tja.tro] in such dialects. However, there is
speaker (MacLeod, 2007) and dialectal (Colantoni & Limanni, 2010; Garrido, 2008, 2014;
MacLeod, 2007) variation as to the degree of diphtongization of non-high vowel sequences.
Research has examined different variables that trigger diphthongization of hiatus sequences,
which include social variables (such as educational level; Garrido, 2008), as well as linguistic
internal variables (Chitoran & Hualde, 2007; Garrido, 2013, 2014; Hualde & Prieto, 2002,
among others). A recurring finding is that stress placement has an effect on the realization
of vowel sequences. Specifically, diphthongization is favored in unstressed contexts (Chitoran
& Hualde, 2007), especially in posttonic position (Garrido, 2014). Additionally, place of
articulation of the previous consonant has been reported as conditioning dipthongization,
with /d/ and /n/ triggering higher degrees of diphtongization than other consonants (Souza,
2010).

The cumulative message of work examining production of vowel sequences is that hiatus
resolution is best described as a gradient process with [e.a] in one end of the continuum,
and [ja] at the other, and [ea] as intermediary step (Garrido, 2014, p.144). To this end,
instrumental analyses have identified acoustic traits that allow characterizing these differences
quantitatively. These findings indicate that hiatic and diphthongal sequences differ with
regard to their temporal and spectral characteristics. This work has found that hiatuses are
longer than diphthongs (Chitoran & Hualde, 2007; Hualde & Prieto, 2002). Additionally, in



terms of spectral differences, the general finding is that formant changes from one vowel
target to the other are smaller for dipthongs than for hiatuses. That is, formant trajectories
present steeper slopes in hiactic sequences than in diphthongal sequences (Chitoran, 2002).

1.3 Motivation for the present study

The motivation for the present study stems from Colantoni and Kochetov (2010), who
studied the realization of /na/, /nia/ and /nea/ sequences in the speech of four speakers
of Argentine Spanish (from Buenos Aires) and three speakers of Cuban Spanish (from La
Habana). One of their hypotheses was that the variable realization of /n/ and /nj/ in
Argentine Spanish was linked to the gliding of the mid-vowel in hiatus sequences. The
higher rate of diphthongization of sequences involving mid-vowels in Argentine Spanish
would lead to an increase in the pool of /nj/ variants (i.e. an increase in type and token
frequency of the sequence), which contributed to the misapprehension of the acoustic signal
and the confusion with /n/. Their findings indicate that Cuban speakers exhibit lower rates
of diphthongization than the Argentine speakers. Of the three Cuban speakers, one did
not register diphthongization, while two of them presented rates of 30%. The Argentine
speakers, on the other hand, presented rates of diphthongization that ranged from 68% to
100%. With regard to the realization of /n/, results indicated that two Argentine speakers
decomposed the palatal nasal into a sequence of an alveolar/post-alveolar or palatal nasal
and a [j|-element and it was these two speakers who exhibited categorical diphthongization
of the mid-vowels. However, given the small sample of participants, it was not possible
for the authors to confirm the hypothesis that mid-vowel gliding and decomposition of the
palatal nasal were linked. The present study seeks to examine the hypothesis in Colantoni
and Kochetov (2010) by analyzing the production of a bigger sample of native speakers of
Argentine Spanish. Research questions and methodology are detailed in the next section.

2 Methods

2.1 Research questions and hypotheses

The aim of the present study is to provide an exploratory examination of a link between
mid-vowel gliding and nasal decomposition in Argentine Spanish by analyzing the production
of /na/, /nia/ and /nea/, in comparison to /na/, referred to as target syllables. Given
that sound differences in Argentine Spanish have been shown to previously vary by speaker
sex (Fontanella de Weinberg, 1978; Wolf & Jiménez, 1979) and age (Chang, 2008; Rohena-
Madrazo, 2011), it was decided to examine if these extra-linguistic variables contribute to
the patterns of variation present in the data.

The research questions that guide the present investigation are:

1. Do native speakers of Buenos Aires Spanish speakers produce acoustic differences, as
measured by the acoustic parameters under consideration, between /nea/, /na/, /nia/
and /na/? If so, how systematic are these differences?



2. Does production of the target syllables vary as a function of sex and age of the speaker?

3. Does production of the target syllables vary as a function of attention to the phono-
logical target?

There are two hypotheses under examination. The first hypothesis is that /pa/, /nia/
and /nea/ do not exhibit acoustical differences in the production of native BAS speakers.
If there is a connection between mid-vowel gliding and decomposition of the palatal nasal,
we would expect increased phonetic overlap. Thus, a lack of acoustical differences would
indicate increased phonetic overlap and suggest that there may be a link between the two
processes. However, because the experimental protocol was not designed to examine this
specific question, at this juncture it would not be possible to claim such a connection or to
conclude directionality or causation. It would, however, provide grounds to further examine
this issue.

The second hypothesis is that BAS speakers produce acoustical differences between /pa/,
/nia/ and /nea/, both in terms of their temporal and frequential properties. In terms of
duration, /nea/ would have to be longer than /pa/ and /nia/. With regard to spectral
characteristics, the first member of the vowel sequence is /e/ in /nea/, while /i/ in /nia/,
and therefore if /nea/ were to be acoustically different from /nia/, at onset /nea/ would have
to present a higher F1 and a lower F2. For this second hypothesis to be confirmed, /nea/
would have to be different in terms of both duration and spectral characteristics, or in either
duration or spectral characteristics. In either scenario, there would be acoustical differences,
and therefore, we could posit no link between mid-vowel gliding and the decomposition of
the palatal nasal.

2.2 Participants

Participants in the study are native speakers of BAS, recorded within the dialectal region.
Care was taken to ensure that participants were from a similar socio-economic status,
specifically middle-class, as judged by the researcher, a native of Buenos Aires. Participants
were classified in four age groups (i.e. 14-19, 20-29, 30-45, and 45+ ), which represent different
life stages. Participants in the first group are high school students. The second and third
age groups correspond to people in college and/or entering professional arenas.? In the
fourth group, participants are established in their professions/careers. Table 1 summarizes
demographic information of the participants.

2College degrees in Argentina are often longer than 4 years, depending on the degree and the institution.
Additionally, it is not uncommon for college students to be full-time workers as well as full-time students. As
a result, when compared to college student populations in other parts of the world, such as United States,
college students in Argentina may be older than their counterparts elsewhere around the globe.



Table 1: Demographic information of participants

Number of

Age group Sex Mean Age Educational background
participants
15.19 Female n=4 16.25 Participants were high
Malo b5 16.75 school students.
Female n=>6 25.66 Participants had completed,
20-29 or were in the process of
completing, college. One
Male n=4 27.5 participant was in graduate
school.
Female n=>5 35.6 Participants had completed,
30-45 or were in the process of
completing, college. One
Male n=4 34 participant was in graduate
school.
Female n=2 62 Participants were
45+ established in their
profession. M11 was retired.
Male n=3 64

All had completed graduate
school.

2.3 Stimuli and tasks

This exploratory examination adds /nea/ sequences to the analysis of /pa/ and /nia/
presented in Bongiovanni (in preparation). A brief summary of the procedure will be
presented here.

All target words included /na/, /nia/ and /nea/, preceded by /a/, in unstressed position
and word-final. For comparison purposes, /na/ was included in the same phonological
environment. Participants completed four tasks, two production and two perception tasks.
The present study only presents data from the production component. The tasks in the
production component sought to diverge in the amount of attention to the phonological
target in order to enhance the distinctiveness in the speech output.

The first production task is a reading task. The second production task is a carrier
phrase with three conditions: neutral focus, lexical focus and phonological focus.® It is
important to note that there are very few minimal pairs to contrast /n/ and /nj/ in Spanish.
For this reason, tasks include real and nonce words, which are included in the Appendix.
Target words in the reading passages and in the lexical focus condition are real words. The

3These conditions differ in terms of what speakers focus on, whether on (a) an item that is not semantically
or phonologically related to the target word (neutral focus condition), (b) an item with semantically related,
but no phonological similarity, to the target word (lexical focus condition), and (¢) an item with phonological
similarity to the target word (phonological focus condition).



phonological focus condition, on the other hand, only presents nonce words. Finally, the
neutral focus condition includes both real and nonce words.

2.4 Instrumental analysis

The theoretical ceiling of tokens is 4158, or 126 per speaker. Each task contributes the
following number of tokens:

1. Carrier phrase task: 114 tokens

(a) Neutral focus: 48 tokens
(b) Lexical focus: 24 tokens
(¢) Phonological focus: 42 tokens

2. Reading task: 12 tokens

In some cases, speakers accidentally read additional tokens, while in others, they acciden-
tally skipped over a repetition. Additionally, 247 tokens were eliminated from the analysis
of duration and 272 tokens from the analysis of formants. These were cases of non-target
productions, de-occluvized nasals, heavy nasalization that impeded segmentation, creaky
voice or background noise. Thus, after removing these tokens, a total of 4107 and 4082
tokens were included in the analysis of duration and of formants, respectively.

The acoustic characterization for /nea/, /nia/, /na/ and /na/ was obtained by measuring
(1) duration of the vocalic portion, and (2) formant trajectories in the vocalic portion. Each
production of vocalic portions following the nasal segment in the syllables /na/, /na/, /nia/
and /nea/ were extracted and analyzed using Praat (Boersma & Weenink, 2010). See Figure
1 for an example.
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Figure 1: Waveform and spectrogram of the word Alemania ‘Germany’, produced by speaker F10
in the passage reading.

Measures of the duration of the vocalic portion following the nasal consonant were
extracted automatically using a Praat script (Lennes, 2001-2015). As for measurements of
formant trajectories, given that adjacent to nasal consonants the Praat formant tracker often
presents errors, a semi-automatic process was used (McCloy, 2011-2012). Measurements
were taken at twenty-one temporal points within the vocalic portion, from 0%, to 100%,
every 5%. Measurements for 82 tokens were manually corrected, as it was evident that there
were tracking errors.? Formant values were transformed to Bark units, which represent
perceived formant frequencies.

2.5 Statistical analysis

For the analysis of duration of the vocalic portion, a repeated-measures ANOVA was
performed with SPSS (IBMCorp, 2013). The dependent variable was duration of the
vocalic portion. Target syllable (/nea/, /nia/, /na/ and /na/) and task condition (reading,
neutral focus condition, lexical focus condition and phonological focus condition) ® were
entered into the model as within-subject variables, and sex of the speaker and age group as
between-subject variables. Statistical significance was set at p<.05.

For the analysis of formant trajectories, a smoothing-spline analysis of variance (Davidson,

4In many cases, the formant tracker presented errors only in one portion of the vocalic portion. Most
times, changing formant settings would improve tracking for that portion of the segment. In these cases, the
formant settings were changed and that portion retracked. If changing the settings did not improve formant
tracking, the token was excluded from analysis.

5As pointed out by one of the reviewers, this varibale also sheds light on the effect of type of word.
However, it was decided not to include word type as an independent variable because it would be co-linear
with task.



2006) was performed for F1 and F2 trajectories. Smoothing Spline ANOVA (SSANOVA,
henceforth) compares whether two curves are statistically different along their lengths. Unlike
an ANOVA, SSANOVA does not include p-values that determine statistical significance.
Formant trajectories are statistically significant at the point at which the 95% confidence
intervals do not overlap. This means that two formant trajectories may be statistically
different throughout the duration of their contours or only a portion. For details on the
procedure, see Wassink and Koops (2013).

3 Results

3.1 Duration of vocalic portion

Table 2 presents mean values of duration of the vocalic portion per target syllables. Overall,
as expected given the previous literature, the data indicates that the vocalic sequence
in hiatic /nea/ is longer than that of dipthongal /nia/, which in turn is longer than the
monophthongal portions /na/ and /na/. However, with the exception of /na/, categories
overlap extensively.

Table 2: Mean duration (and standard deviation) of vocalic portion per target syllable.

Target syllable Milliseconds (sd)

/na/ 191 (47)

/nia/ 201.1 (54.3)
/nea/ 214.7 (60.6)
Tua) 126.9 (37.8)

Figure 2 presents boxplots with durational values. The statistical analysis revealed
that target syllable was a significant main effect, using the Greenhouse-Geisser correction
(F(2.436, 65.771):478‘17’ pZOOO, 77127:947)

10
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Figure 2: Duration of vocalic portions. Diamonds indicate mean values.

An analysis of sex of the speaker and age reveals some differences between speaker groups,
illustrated in Figure 3. For example, females produce longer segments than males. However,
there were no observed differences in terms of the contrast between hiatic and diphthongal
sequences (i.e. /nea/ and /nia/, respectively). Sex of the speaker was not a significant main

effect.
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Figure 3: Duration of vocalic portions per sex group. Diamonds indicate mean values. F =
females; M= males

An examination of age groups indicates that the oldest age group (i.e. 45+) produces the
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longest segments, whereas the youngest age group (i.e. 15-19) produces the shortest. The
statistical analysis reveals that age group is a significant main effect, using the Greenhouse-
Geisser correction (F'(3 137997.464)=9-83, p=.003, 7]12,:.393).

Finally, the effect of task was examined. The findings indicate that speakers produced
the longest segments in the nasal condition task, where participants were contrasting
minimal pairs that contained the target syllables. The shortest segments, on the other hand,
were produced in the reading task, the task that drew less attention to the phonological
target. The statistical analysis reveals that task was a significant main effect ¢, using the
Greenhouse-Geisser correction (F'(1.971, 53.216)=106.5, p=.000, 77]%:.798).

In addition to significant main effects for target syllable, age, and task, there were
significant interactions. These will be examined next, given that main effects should be
interpreted in light of the significant interactions (Larson-Hall, 2010). There were two-way
interactions between target syllable and age group (F (7308, 27)=4.9, p=.000, 772:.353) and
target syllable and task (F'(5 592, 150.97)=13.18, p=.000, 77;:.328) and a three-way interaction
between target syllable, task, and age group (F(16.775, 27)=1.95, p=.018, 773:.178).7

Given that the three-way interaction has a lower effect size, I prefer to err on the side
of caution and not interpret it at present time. While not ideal, the two-way significant
interactions will be examined instead, in an effort to piece apart how task and age group
may be interacting in the production of the target syllables. The interaction between target
syllable and age group reveals that the trend of /nea/ >/nia/ >/pa/ >/na/ holds for all
speakers groups. Differences between target syllables are greater for the older age group.
Table 3 presents mean values of duration of the vocalic portion per target syllable for each
age group. Figure 4, additionally, presents boxplots for the data.

Bonferroni pairwise comparisons reveal that the oldest age group produces statistical
differences between /pa/ and /nia/. With regard to /nea/, it is statistically different from
/na/ and from /nia/ for all age groups, except for speakers in the 20-29 age group who do
not produce statistical differences between /nea/ and /nia/.

Table 3: Mean duration of vocalic portion per target syllable and age group.

Mean duration in ms

Target syllable 7 795020 30-45 457

/na/ 161.38 179 1849 199.35
/nia/ 1584 186.15 193.7 2189
/nea/ 1831 1982 200.6 233.95
/na/ 111.15 114 12225 129.1

5This result indirectly implies a word-type effect (real vs. nonce), whereby nonce words may present
longer durations, while real words, shorter.

"The analysis also revealed significant interactions between task and sex of the speaker (F((1.971, 21y=3.75,
p:.031,n§:.122). However, given that this interaction does not contribute to the research questions, it will
not be discussed further.

12
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Figure 4: Duration of vocalic portions per age group. Diamonds indicate mean values. 1=
15-19 age group; 2= 20-29 age group; 3= 30-45 age group and 4= 45+ age group.

An examination of the interaction between task and target syllable confirms that, for all
target categories, the shortest vocalic portions are produced in the reading task (all real
words) while the longest, in the nasal focus condition (all nonce words). Table 4 presents
mean values of duration of the vocalic portion per target syllable for each age group. Figure
5 presents boxplots for the data.

Bonferroni pairwise comparisons reveal that, overall, all target syllables are significantly
different from each other in all tasks, though with some exceptions. In the reading task
and in the lexical focus condition, /na/ and /nia/ are not statistically different. Crucially,
in the lexical condition, /nea/ is not statistically significant from either /pa/ and /nia/.
These results can be interpreted as indicating that in tasks involving real words, durational
differences between some categories do not reach statistical significance.

Table 4: Mean duration of vocalic portion per target syllable and task.

Mean duration of vocalic portion in ms

Target syllable . . .
Reading Nfeutral xical Pho%()cll(l)glcal

ocus ocus
/na/ 127.3 185.6 196.4 215.4
/nia/ 126.6 1945  202.75 233.3
/nea/ 151.6 204.7 201.4 258.2
/na/ 78.7 127 128.6 142
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Figure 5: Duration of vocalic portions per task. Diamonds indicate mean values. lex= lexical
focus condition; nas= phonological focus condition; neu= neutral focus condition, and read= reading
task.

3.2 Formant trajectories in vocalic portion

This section presents the results of the SSANOVAs. Figure 6 presents the results for the
overall data. The overarching trend is that formant trajectories in the vocalic portion of
/na/ are statistically different from those of /pa/, /nia/ and /nea/. For this reason, /na/
will not be discussed further. The contours of /nia/ and /na/, however, overlap extensively,
which indicates that formant trajectories of these two categories are not statistically different.
Nevertheless, the contours of /nia/ and /na/ are statistically different from those of /nea/.
Specifically, differences are observed in both the F1 and F2 domains. If F1 is taken as the
acoustic correlate of vowel height, at the onset of the sequence /nea/ is lower than /nia/
and /pa/. On the other hand, if F2 is taken as a correlate of frontness/backness, at the
onset /nea/ is produced as more back than /nia/ and /pa/. This is expected given that /e/
is lower and less fronted than /i/.
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Figure 6: Formant trajectories in vocalic portion for Buenos Aires Spanish speakers.
Dotted lines represent 95% confidence intervals.

An examination of differences according to sex of the speaker and age group reveals some
differences between speaker groups. Figure 7 presents the results of the SSANOVAs for
males and females. Both speaker groups exhibit the same pattern observed for the overall
data: the contours for /nea/ are statistically different from those for /nia/ and /pa/ along
the F1 and the F2 domains. In the same vein as duration of the vocalic portion, formant
trajectories of /nea/, /nia/ and /na/ do not vary as a function of sex of the speaker.
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Figure 7: Formant trajectories in vocalic portion per sex group. Dotted lines represent
95% confidence intervals.

An examination of age groups, in Figure 8, reveals a somewhat different scenario. It
had been found in Bongiovanni (in preparation) that older speakers produced phonetic
differences between /nia/ and /pa/. In particular, the formant contours of /na/ suggest
that the palatal element was part of a transition, and not intended as full segment. The
analysis of /nea/ indicates that all age groups appear to differentiate /nea/ from /nia/ and
/na/. Thus, while production of the different vocalic sequences under examination may vary

as a function of age group, no age group appears to glide the mid-vowel in /nea/ such that
it is produced as [nja].
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Figure 8: Formant trajectories in vocalic portion per age group. Dotted lines represent
95% confidence intervals.

Moving onto the effect of task, drawing attention to the phonological target may enhance
acoustical differences. Figure 9 presents the results of the SSANOVA analysis for each
task. In tasks that involved real words (i.e. reading and carrier phrases with lexical focus
condition), differences between the syllables under analysis become less robust. It is in
the tasks that include nonce-words where the formant contours for /nea/ are statistically
significant from those for /nia/ and /na/, both in the F1 and the F2 domains. These results
suggest that drawing attention to the phonological target, by manipulating focus and/or
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employing nonce words, enhances the phonetic differences between the /nea/, /nia/, /pa/
and /na/.
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Figure 9: Formant trajectories in vocalic portion per task. Dotted lines represent 95%
confidence intervals.

Finally, the effect of type of word (real vs. nonce) was examined in the neutral focus
condition. To remind the reader, this was the only condition that included both real and
nonce words. Figure 10 presents the results of SSANOVA for each type of word in this
condition. For nonce words, /nea/ exhibits F1 and F2 contours that are statistically different
from /nia/ and /pa/, which suggests that the type of word in iteself enhances acoustical
differences.
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4 Discussion and conclusions

The aim of this study was to explore a potential link between mid-vowel gliding and nasal
decomposition in Buenos Aires Spanish. Following research by Colantoni and Kochetov
(2010), this study sought to determine whether the presence of nasal decomposition was
accompanied by the dipthongization of the mid-vowel in /nea/ sequences. The findings of the
present study suggest that vowel gliding is not a prerequisite for palatal nasal decomposition.
In what follows, each research question will be addressed at a time.

The first research question asked whether native speakers produced acoustic differences
between /nea/ and /pa/ and /nia/. The results in Bongiovanni (in preparation) suggested
that /na/ and /nia/ overlap extensively, and that some speakers produced acoustical
differences between the two categories. The analysis of /nea/ indicates that speakers produce
acoustical differences between this target syllable and /npa/-/nia/, along the temporal and
the spectral domains. In line with the predictions laid out in section 2.1, the findings indicate
that /nea/ is longer than /pa/ and /nia/. Additionally, overall formant trajetories show
that /nea/ presents a higher F1 and lower F2. These results suggest that the first vowel in
the sequence is lower and more back than that of both /pa/ and /nia/.

The second research questions asked whether production varied as a function of sex of
the speaker and age group. The results suggest no differences in production according to
sex group, neither in the temporal nor the spectral domains. Age groups appear to differ
in terms of rate of speech (with younger speakers producing the shortest segments and the
older age group the longest). However, the overall trend of /nea/ >/nia/ >/pa/ >/na/, for
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the most part, is maintained in all age groups. With regard to formant trajectories, all age
groups present a higher F1 for /nea/, when compared to /na/ and /nia/. Crucially, for the
three age groups that exhibit overlaping /na/ and /nia/ trajectories (i.e. 15-19, 20-29 and
30-45), /nea/ exhibits a non-overlapping trajectory. Taken together, these results suggest
that while the production details of younger and older speakers may differ, both groups
groups realize /nea/ as different from /p/-/nia/. This suggests that decomposition of /n/
can exist (as is the case of the younger age groups), without mid-vowel gliding.

The third research question asked whether production varied as a function of attention to
the phonological target. The results suggest that when attention is drawn to the phonological
target, acoustic differences are enhanced. Specifically, the results indicate that durational
and spectral differences between /nea/ and /nia/ increase in the phonological condition,
when compared to the reading task. Nevertheless, the results revealed enhanced differences
in the neutral condition as well. This was specially visible in Figure 9, where formant
trajectories for /nea/ did not overlap with those of /nia/. The neutral and phonological
conditions were the conditions that included nonce words. In the tasks that included real
words, i.e. the reading task and the lexical focus condition, formant trajectories for /nea/,
/na/ and /nia/ overlap. Thus, drawing attention to the phonological target appears to have
been facilitated by two aspects of the experimental design: manipulation of focus and the
lexical status of the stimuli. However, at present time it is not possible to tease apart the
effects of focus from the effects of type of word. Figure 10 illustrates how nonce words
present greater acoustical differences, but this is a limitation of the present experimental
design, that future reasearch should take under consideration.

Taking Colantoni and Kochetov (2010) as point of departure, the present study provides
acoustic detail to examine how two phonological processes, decomposition and mid-vowel
gliding, arrive at a similar outcome, a CVV syllable. More to the point, the aim of the
present exploratory analysis was to examine a potential link between mid-vowel and /n/
decomposition. The results in the present study indicate that decomposion and mid-vowel
gliding are not connected. That is, /n/ decomposition does not appear to be tied to mid-vowel
gliding. It is important to note that these results do not suggest an absence of mid-vowel
gliding, or that mid-vowel gliding and palatal nasal decomposition do not co-exist. Future
research could examine mid-vowel gliding more thoroughly. To do so, it would be ideal to
modifiy the experimental design in two ways. First, it would be important to elicit tokens of
(monophthongal) /ni/ and /ne/ to, in addition to /na/, use as baselines comparisons for
/nia/ and /nea/. Second, it would be ideal to quantify degree of diphthongization. These
two additions would expand and improve the present analysis.
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Appendix

Table 5: Experimental items

Target syllable Real words Nonce words
/na/ mana ‘skill’ pana
a . ) ,~
n cana ‘fishing rod’ fana

. Alemania ‘Germany’ pénia
/mia/ : .
Tania personal name fania
/nea/ fordnea ‘foreign’ panea
nea . . . [
stmultdnea ‘simultaneous’ fanea
semana ‘week’ pana
/ma/ oo .
rana ‘frog fana
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