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Abstract

This paper reports on the application of synalepha, the phonological process of merging or
linking contiguous vowels across word boundaries, as in mi amigo [mja. mi.yo], meaning ‘my
friend’. We examine two English-speaking L1 groups learning Spanish as an L2 compared to a
Spanish monolingual-speaking group and include a narrative-retell and a reading task. In the
reading task, the intermediate learner group produced linked or connected vowel sequences in
only 30% of the potential contiguous sequences, compared to a frequency of linked vowels at
74% by advanced graduate student learners. The intermediate learners increased the frequency
of linking contiguous vowels to 49% in the narrative-retell task, whereas the advanced L2
speakers slightly reduced their linking rate to 68%. The Mexican monolingual speaker compar-
ison group produced linked speech in a narrative-retell task at a rate of 93%. These findings
show that the application of phonological processes is impacted by task type and has implica-
tions for classroom teaching activities that incorporate narrative-retell tasks to encourage mon-
olingual patterns of vowel linking.

1 Introduction

In Spanish, vowels across word boundaries (V#V) are characterized as being resolved by mon-
olingual speakers in a smooth manner with full linking without a separation between the two
vowels (Whitley 2002). In English, however, glottal stops tend to intervene, which textbooks
warn not to transfer and instead to produce “smooth linking”, the putative monolingual norm
(cf., Bowen/Stockwell 1960; Stockwell/Bowen/Martin 1965; Whitley 2002; Morris 2010). Ad-
ditional types of linking have been observed and described (cf. Alba 2006; Face/Alvord 2004;
Gonzélez/Weissglass 2015; Hualde/Prieto 2002; Smith/Flores/Gradoville 2008) and include
diphthong formation, merged/hybrid vowels, replaced/eliminated vowels, and degrees of short-
ening when V1=V2. Despite the descriptions, they have received little empirical attention or
documentation (cf. Alba 2006 2008; Face/Alvord 2004; Hualde/Prieto 2002; Smith/Flores/
Gradoville 2008). For Spanish as a Second Language (L2 Spanish), while some of these types
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are treated in pedagogical texts, strategies such as merged and replaced vowels are rarely men-
tioned.

The current study investigates V#V production of Spanish monolingual speakers and second
language learners of Spanish, examining the distribution of continuous or linked speech and
exploring various resolution types (see Figures 2 and 3 for examples) based on vowel formant
structure, vowel duration(s) and auditory impression. We also explore the extralinguistic factors
of L2 level and task type.!

When vowels come into contact in Spanish across a word boundary (V#V), they may connect
or link smoothly in various ways in monolingual speech, including a diphthong, diphthong from
a mid vowel glide, a merged same vowel,? a replaced vowel, and hiatus:3

1)
Synalepha (pronounced in the same syllable)
diphthong formation la historia ‘the history’ [lais. to.ria]

gliding of mid vowel le habla ‘speaks to him [lea.'Bla], [lia.pla]*
merged same vowels 1o honré ‘he/she honored” [lon. 'ro]

replaced vowel lo importante [lim.por.'tan.te]
Hiatus (pronounced in separate syllables)
hiatus canta ella ‘she sings’ ['kan.ta.'e.ja]

The connected, linked, or continuous speech resolution of contiguous vowels contrasts with
separated or discontinuous sequences in which there is creaky voice, a glottal stop, or a pause
between the vowel sequence.

2 Literature review

2.1  Synalephain Monolingual Spanish

It has been claimed that synalepha occurs categorically in monolingual Spanish speech (cf.
Colina 2009; Harris 1983; Real Academia Espafiola 2011; Stockwell/Bowen/Martin 1965;
Whitley 2002) as it is the preferred way to pronounce two adjacent vowels across word bound-
aries. Additionally, there have been rules proposed by certain authors that contradict each other
regarding how vowel sequences between words are resolved. For example, according to Mar-
tinez-Gil (2000: 517), in Chicano Spanish, a mid vowel (whether stressed or unstressed) is
elided when it precedes a high vowel. In contrast, Jenkins’ (1999: 52f.) claims that stressed
vowels are never modified unless they are adjacent to another stressed vowel in New Mexican
Spanish, and hiatus is maintained when a stressed vowel precedes a vowel other than /e/. There-
fore, considering the examples shown in (1), the resolution of the hiatus will be different de-
pending on the rules proposed by each dialect. For the data treated by Martinez-Gil (2000), the

I'In future work, we address linguistic factors such as vowel quality, stress, and word type.

2 There were a few cases of another merged vowel type, typically produced as a centralized vowel or a vowel glide
between two vowels, which was very short; for example, la elefante ‘the elephant’ — [le.le.'fan.te].

3 This merger often results in the merger of the two syllables into a single syllable (a form of resyllabification).
Importantly, linked speech as hiatus does not impact the syllable structure. Consonantal resyllabication in which
a word final consonant resyllabifies with a vowel in the following word is another manifestion of word linking.

4 Mid vowels will often rise to a high vowel creating a synalepha (cf. Quilis 1993: 190f. for a full discussion).
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/e/ would be elided, while for that of Jenkins (1999), the /e/ would be maintained. However,
Figure 1 is an example of a two-word sequence that illustrates a diphthong not predicted by

rule-based claims.
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Figure 1: Sample spectrogram of the words caminé intensamente ‘I walked intensely’
by a native Spanish speaker from southern Spain

There are distinct goals in examining the apparent contrast between strict rule-based explana-
tions of hiatus resolution, which seek to uncover underlying representations (cf. Hualde/Prieto
2002; Chitoran/Hualde 2007), and the descriptive goals that emphasize social variables or the
role of frequency in sound change (cf. Alba 2006). While our goal is likewise descriptive, our
focus also diverges slightly from Alba (2006), who investigates synalepha as a reduction pro-
cess within a frequency-based model of lenition. Instead, we emphasize the linking or connect-
edness of contiguous vowel sequences as a phonological process of Spanish with multiple types
of connected speech manifestations that English-speaking L2 learners of Spanish produce var-
iably. We consider both hiatus and synalepha as forms of connected speech that function within
monolingual patterns.

While some studies have explored this process of hiatus resolution empirically and investigated
factors such as frequency effects, many rely on authors’ and participants’ intuitions or impres-
sionistic analyses (cf. Hualde/Prieto 2002; Chitoran/Hualde 2007; Alba 2006, 2008). These ap-
proaches often lack the support of acoustic or spectral analysis, which is critical for determining
the accurate patterns of synalepha among monolingual Spanish speakers. In the following sec-
tion, studies investigating hiatus resolution among monolingual Spanish speakers, including
heritage speakers from various dialects, will be discussed.
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The most thorough examination of contiguous vowel production across word boundaries is
Alba (2005, 2006), who examined hiatus resolution or maintenance in New Mexican and Col-
orado Spanish. The data consisted of 29 hours of sociolinguistic interviews and a lexical iden-
tification task with 38 native speakers, both men and women. However, the data from the lexical
identification task were not used because the author wanted to report results for data representa-
tive of natural discourse. Alba defined his variable context of synalepha as between the vowel
/a/ and any vowel at the word boundary, excluding several contexts, including if “there was any
kind of pause or stuttering between the two words in question” (Alba 2006 276). Impressionistic
coding was used to determine whether a case represented hiatus maintenance or resolution due
to the author’s assertion that spectral analysis leads to difficulties in measuring vowel quality
and boundaries as formant frequencies (F1 and F2) present much variation. Additionally, alt-
hough a variety of resolution strategies are employed among natives (previously enumerated in
(1)), Alba only coded for hiatus resolution or maintenance since impressionistic analysis does
not lend itself to a clear identification of these resolution strategies. The following factors were
considered in his analysis: the stress of each vowel, the type of syllable (open or closed) in
which the second vowel in the sequence occurred, the word class (content or function), prior
mention of the two words, and the relative frequency of the words in question.

Out of 1,912 occurrences considered in the corpus, the results revealed a higher percentage of
hiatus resolution than maintenance (74% vs. 26%), with more resolution (83%) when both vow-
els are unstressed and 13% in stressed syllables. Alba (2006) did not investigate the potential
effect the task might have on hiatus resolution since he did not include the lexical identification
task data in his analysis. However, differences according to task may advance understanding of
hiatus resolution strategies and are investigated in this study.

Monolingual Spanish was explored by Smith/Flores/Gradoville (2008), who analyzed vowels
in hiatus context at word boundaries in Veracruz, Mexico Spanish, to investigate the specific
conditions under which hiatus maintenance and different resolution types (diphthong, vowel
reduction or elision, or creation of a new vowel) occur. Specifically, they investigated whether
transitions between the two vowels follow a consistent pattern or if there are variable articula-
tions. They also examined the duration of vowel sequences. The data is from a corpus by Willis
(2008) of semi-spontaneous narrated speech. The informants provided a narrative telling of the
wordless picture book Frog, Where Are You? by Mercer Mayer (1969). The speakers were aged
18-28 and were all university or professional students. Acoustic and spectral analysis using
Praat (cf. Boersma/Weenink 2021) was employed to plot the vowels, measure the duration of
the vowel sequence, and describe the resolution. The longer vowel trajectories and greater du-
ration indicated less resolution. The results revealed 94% hiatus resolution with various resolu-
tion types, such as vowel fusion, replacement of one vowel with another, and even centraliza-
tion among some speakers. Regarding duration, less resolution was associated with longer se-
guence duration. Regarding other factors contributing to hiatus resolution or maintenance, it
was found that syllabic stress did not impact hiatus resolution in contrast to the findings of Alba
(2006).

Speech rate and word frequency also was found to play a role in the rates of hiatus resolution
in Puebla Mexico Spanish (cf. Souza 2010), and he argues for a usage-based model of phonol-
ogy similar to Alba (2006). Barberia Aurrekoetxea (2012) reports that informants from the
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northern part of Spain tended to maintain hiatus forms within words and tended to diphthongize
across word boundaries in read speech.

When synthesizing the previously discussed studies, some common findings and patterns are
noted. First, the use of acoustic and spectral analysis is found in relatively few investigations
of hiatus resolution, resyllabification, and synalepha, where impressionistic analysis is normally
employed. Second, although it has been consistently found that there is more hiatus resolution,
resyllabification, and synalepha among monolinguals than preferences for other strategies,
some variation has still been found among monolinguals. Still, this variation in resolutions is
not usually explained descriptively in terms of specific strategies nor empirically using more
advanced statistical models to identify factors that favor and disfavor these processes among
monolinguals.

2.2 Synalepha and similar processes: previous literature on L2 Spanish learners

Among studies describing hiatus maintenance and resolution patterns through the use of syna-
lepha and the factors conditioning these phenomena among monolingual Spanish speakers,
there has been little research on the patterns of these phenomena in the speech of Spanish sec-
ond language learners (L2). American English is reported to have continuous transitions be-
tween vowels across word boundaries regularly (cf. Olive/Greenwood/Coleman 1993). How-
ever, they also state that “It is not uncommon for speakers to insert a glottal stop between the
articulation of the two vowels to signal a word boundary” (ibid: 120). Later, they state that
“Discontinuous transitions are caused by the presence of a glottal stop” (ibid: 131). The pro-
nunciation literature for English-speaking learners of Spanish is more assertive regarding the
carryover of separated vowel sequences across word boundaries. In textbooks for Spanish L2
learners who are native English speakers, the use of synalepha is prescriptively encouraged to
Spanish L2 learners instead of transferring English strategies like glottal stops (cf. Da-
vidson/Erker 2014; Whitley 2002) and consonantal insertion (cf. Bowen/Stockwell 1960); these
strategies occur in English with adjacent vowels at the word boundary, “one vowel never fol-
lows another [...] without a consonant, a semivowel, or, under special conditions, a glottal stop
between the two vowels” (Bowen/Stockwell 1960: 108). According to Whitley (2002: 32):
“even when two vowels meet in the context of a hiatus, they should be smoothly linked in
Spanish [...] most varieties of Spanish require complete linking between all consonants and
vowels in a phrase”.

In a related phenomenon, Holt/Gelormini-Lezama (2008) analyzed resyllabification and syna-
lepha among native English speakers learning Spanish as L2. Resyllabification is defined as the
phenomenon where there is a link between a word that ends in a consonant and another that
begins with a vowel, changing the syllabic structure of these segments to yield the preferred
syllabic structure in Spanish (CV) as in los ojos azules [lo. so.xo0.sa. su.les] (cf. Beristain 2024;
Jiménez-Bravo/Lahoz-Bengoechea 2023; Marchini/Ramsammy 2023; Holt/Gelormini-Lezama
2008). Since resyllabification and synalepha are optional in English, their acquisition is as-
sumed to be difficult for learners of Spanish. Three treatments were carried out: study abroad,
study with explicit instruction, and study in another advanced Spanish course in business or
literary analysis in which there was no explicit instruction or practice of pronunciation. There
were four groups in the study. Group A had 19 participants who took an introductory course on
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phonetics and pronunciation. Group B consisted of 15 participants who participated in a four-
week study program in Costa Rica. Group C had 22 participants who took another advanced
class without explicit instruction on the two phenomena. Group D was a group of 6 native
speakers from Costa Rica, Mexico, Equatorial Guinea, Venezuela, and Puerto Rico. Data were
elicited using a list of 100 sentences containing vowel combinations to examine. All learners
read one version of the list at the beginning (time 1) and the end (time 2) of the treatment, and
the order was counterbalanced. The monolinguals only did the task once.

One of the main objectives of their study was to examine how different modes and types of
exposure to Spanish and the effect of explicit instruction on pronunciation accuracy and to doc-
ument the prevalence of connected speech among native speakers. It was predicted that due to
the focused practice on pronunciation and greater exposure to monolingual speech with a
greater need for oral expression, Group A and Group B would show the greatest improvement,
respectively. Impressionistic coding was used to determine cases of synalepha and resyllabifi-
cation. The monolingual speakers produced synalepha in 74.52% of the cases.

It is evident that the percentage of synalepha among learners is less than among monolinguals,
that explicit pronunciation instruction led to the greatest improvement in synalepha among
learners, and that native monolingual speakers did not produce synalepha categorically, as it
only occurred 74.52% of the time, one of the lowest rates seen in the examination of previous
studies. However, no statistical tests were implemented to determine if the results were signif-
icant or random, no details were provided regarding the other strategies participants used in-
stead of resyllabification or synalepha, and other factors that could impact synalepha and what
favors or disfavors it were not examined. Finally, no acoustic and spectral evidence was used
to identify the cases of synalepha. The authors acknowledge these limitations and offer several
future directions for this topic that lie beyond the scope of the current paper. The current study
is similarly exploratory, with the inclusion of exploratory but includes acoustic details to de-
velop a deeper understanding of the processes involved.

Gonzalez/Weissglass (2015) investigated the effect of task type and instruction on resyllabifi-
cation with the goal of also noting pedagogical implications based on data from only two utter-
ances. The participants were 25 Spanish learners whose native language is English (21 women
and four men aged between 18-22 years) with an intermediate to advanced proficiency level
and eight native speakers (five women and three men aged between 20-24 years) from various
dialects including Peruvian, Spanish, Cuban, Colombian, Venezuelan, and Bolivian, who had
been in the United States for 0-14 years. The learners were divided into two groups: one that
received 10 minutes of explicit pronunciation instruction at the end of each day of their regular
class and another group that did not receive such instruction. The instruction consisted of the
basics of articulatory phonetics, visual and aural demonstration of differences between sounds,
and guided practice. Two tasks were used in this study: a sentence reading task and a picture
description task. The learners completed both tasks at the beginning and end of the semester,
while the native speakers completed them once. Praat was used to analyze the speech where
discontinuous transitions indicated a lack of resyllabification and continuous transitions indi-
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cated resyllabification. The duration of the transition where resyllabification should occur rel-
ative to the total duration of the two segments was also measured.>

It was predicted that learners would produce less resyllabification than natives since this phe-
nomenon occurs very rarely and is optional in English. Additionally, it was predicted that there
would be more discontinuous transitions (such as glottal stops and creaky voice) in the speech
of learners than among natives since glottalization is a very common articulatory process in
native English (cf. Gonzalez/Weissglass 2015). Finally, regarding duration, it was predicted
that the duration of the transition would be shorter where there is resyllabification and longer
where there is no resyllabification. A total of 1,392 occurrences were analyzed. They found less
resyllabification among learners than natives (33% vs. 72%, respectively). Regarding the strat-
egies used by learners to produce contiguous vowels across word boundaries, there were found
many instances of glottal stops and creaky voice. The average duration of resyllabification
among learners was 122 ms, and that of glottal stops was 411 ms. Regarding differences ac-
cording to task type, more resyllabification was found in the picture description task than in the
reading task (30% vs. 20% respectively), which the authors attribute to a potential orthographic
effect in the sentence reading task, i. e., the physical space between written words led to a higher
rate of discontinuous transitions. They also mention the inclusion of the letter <h> and that all
speaker groups, including natives, produced less resyllabification in this context. These results
also relate to the fact that most pronunciation instruction is based on reading. Regarding the
impact of instruction in this study, there was no improvement in the picture description task;
however, in the reading task, it was found that explicit pronunciation instruction increased re-
syllabification by 12%, while the group that did not receive instruction decreased their resyl-
labification performance by 7%. Overall, the authors conclude that there is very little resyllab-
ification among learners and that there is a need for earlier pronunciation instruction in Spanish
classes and a greater variety of tasks such as word and sentence reading, picture descriptions,
etc.

In sum, few studies have detailed the strategies used to resolve hiatus or produce synalepha
across word boundaries (cf. Smith/Flores/Gradoville (2008) and Barberia Aurrekoetxea (2012)
for exceptional cases). There are limited studies characterizing synalepha patterns among mon-
olingual speakers and Spanish learners, and even fewer that compare not only frequency pat-
terns between the two groups and comparisons of the different factors conditioning synalepha
patterns in spontaneous or continuous speech. Finally, there has been no comparison among
learner levels beyond intermediate, and the role of task effects has not been explored. Addi-
tional processes of sound patterns across word boundaries have shown variability in the acqui-
sition of the processes reported as productive in L1 Spanish.

It is important to examine potential variation in monolingual speech of any structure when ad-
dressing the acquisition and teaching of these structures. The acquisition of variable structures
has been documented in Spanish for morphosyntactic structures (e. g., mood and copula con-
trast and subject expression (cf. Geeslin 2011). However, the acquisition of phonological and
phonetic variation has received less attention, especially those examining suprasegmental

5 We note that this definition of resyllabification may be problematic, and we prefer to limit our characterization
to linked speech versus discontinuous or separated sequences.
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aspects like synalepha (cf. Holt/Gelormini-Lezama 2008), and to our knowledge, no study has
examined the variable nature of synalepha or linked speech among Spanish L2 learners from a
variationist perspective. These studies on the acquisition of variation in L2 Spanish highlight
the importance of thoroughly understanding the monolingual system when establishing norms
for comparison with the acquisition and use of the target language by learners (cf. Geeslin
2003). This idea is revisited in the discussion section of the results.

2.3  Research questions

The previous review of the literature leads us to the following research questions:

1. How do English L1-speaking learners of Spanish resolve contiguous vowels across word
boundaries compared to monolingual speakers?

2. Are there patterns of resolution strategies among the speaker groups (monolinguals,
advanced learners, intermediate learners)
+ Continuous speech/smooth linking (synalepha and hiatus)?
« Discontinuous speech/separation (glottal stops, creak)?

3. Do resolution strategies of contiguous vowels across word boundaries vary by task type?

3 Methodology

3.1 Participants

The current study examines the production of contiguous vowels across word boundaries
among several groups of speakers and two task types. Two learner groups, intermediate (fourth-
semester language students) and advanced (graduate students), are studied and compared to
documented monolingual norms from Veracruz, Mexico.6 Learner data come from a simple
picture narrative (40-50 token sequences) and a short reading passage (59 vowel-to-vowel con-
texts).

The monolingual Spanish speakers were four females from Veracruz, Mexico, pursuing pro-
fessional or university studies, aged 18-28, and were recorded in June 2005 in a quiet room in
Veracruz, Mexico, by the first author.? All learners were native English speakers and included
an equal number of males and females for the advanced learner graduate students. The eight
intermediate students were primarily female and were all Spanish majors or minors aged be-
tween 19 and 23 at a large midwestern university in the United States. The advanced learners
were part of the same department, and their ages ranged from 23 to 32. The third author rec-
orded them in a linguistics studio with a sound-attenuated room in 2014-2015.

All speakers were recorded with a USBpre sound device sampled at 44K and a Shure WH10A
microphone with the condenser microphone between 1/2 and 3/4 inches from their lips. The
sound was then examined using the acoustic software Praat (cf. Boersma/Weenink 2021).

6 Indiana University Institutional Review Board STUDY #1510443387
7 The data collection with the Veracruz Mexican speakers was conducted prior to the conceptualization of the
current project and we only have narrative data for comparison.
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Speaker data is presented in Table 1.

Population Speaker- Number of speakers Tokens Task
group
Monolinguals Veracruz, 4 females 279 Frog picture
México narrative
Frog picture
. narrative/
Advanced - (Graduate Midwest US | 8 (4 males x 4 females) 828
students) GM-para read-
ing
Frog picture
Intermediate . narrative/
Midwest US | 8 (7 females x 1 male) 842
(Undergraduates) GM-para read-
ing

Table 1: Informant groups and tasks (GM=Garcia-Marquez paragraph reading text)

3.2 Tasks

The data collection for the study involved three tasks across different informant groups. It began
with a short sociolinguistic interview, followed by a narrative retelling of Mercer Mayer’s
wordless picture book, Frog, Where Are You? For monolingual speakers, the contiguous vow-
els or synalepha data was based on this narrative retelling task. Learner participants also started
with a short sociolinguistic interview, which included background characteristics, and then
completed the narrative retelling of the Frog story. Finally, they completed a reading task con-
sisting of an excerpt about Gabriel Garcia Marquez from a second-year basic language course.

This reading selection was chosen because all intermediate learners were expected to have been
exposed to the textbook and its materials in previous coursework, ensuring the vocabulary was
within their exposure level. Advanced learner participants, who may have taught the course,
were assumed to find the reading level appropriate given their familiarity and multiple expo-
sures to the material.

3.3 Analysis

All three original investigators were involved in the data analysis and followed a particular
coding schema.8 The first level of analysis was whether or not the vowel sequence was linked
and was characterized in a binary distinction as a linked or separated sequence.

The analysis of the linked status, used as a proxy for synalepha writ large, was based on acoustic
analysis and characterization based on multiple acoustic cues. In all cases, we first identified
the onset of the first vowel to the end of the second. The next level of analysis was the type of
linking or how the vowels were separated, based on several acoustic cues that included the
sequence duration and formant values and patterns described in section 4.

8 We included details in the data collection on the preceding and following vowels, stress, and lexical class that
are beyond the scope of the current paper.
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4.1

Results

General patterns

Linguistik online 134, 2/25

In the examination of vowel sequences across word boundaries, there were clear resolution
patterns for linked vowels versus separated vowels. The distinction between a connected and a
separated vowel sequence was the easiest to determine. No single cue was used invariably.
Figure 2. exemplifies a token of linked vowels across word boundaries in the phrase y buscaba
y gritaba, ‘and he was searching and shouting’, with no breaks or discontinuities between them
and a duration of 93 ms.
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Figure 2: Linked vowels (93 ms) in the word sequence y buscaba y gritaba

‘he was searching and shouting’

The category of resolution described as “linked” or “connected” speech had no visible or ap-
preciable break in the waveform or in the spectrogram. A vowel sequence separation was de-
termined by the presence of a creak or glottal fry, a glottal stop, or a pause between the two

vowels

The most commonly occurring separation strategy for learners was the insertion of a glottal
stop, exemplified in Figure 3.
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Figure 3: Glottal stop (80 ms closure) between two vowels in the word sequence
cae en ‘he falls in*®

4.2  Linked versus separated sequences: binary distribution

The frequencies and distributions of the resolution types are given in Table 2. The results
indicate that monolinguals do not categorically produce continuous sequences but instead
produce a variable proportion of discontinuous tokens (7%) separated by a glottal stop and, in
a few cases, consonantal insertion. These findings for monolingual speakers indicate relatively
high rates of vowel linking, which is in line with previous research by Smith/Flores/Gradoville
(2008).10 Thus, there appears to be an increase in native-like behavior as target language
proficiency rises. All groups are significantly different based on rates of separation, ¥* (2)
=231.24, p <2.2e-16. Multiple comparisons for the separated condition showed significant
differences.

9 We included a phonetic symbol for the [j] to represent the high-front vocoid. Although the phone is not part of
the lexical representation, the speaker inserts the sound so it is included in the transcription in addition to the
gliding of the /e/.

10 We note that Smith/Flores/Gradoville (2008) primarily differentiated between hiatus and diphthong on formant
movements evaluated at three points in the sequence. Sequence duration was included as a additional variable and
they report that the duration was typically longer in sequences with a hiatus.
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Group Linked Separated Total
#1% #1%

Monolinguals 260/93% 19/7% 279
Advanced 588/71% 240/29% 828
(Graduate students)

Intermediate 271/32% 571/68% 842
(Undergraduates)

Total 1119 830 1949

Table 2: Linked versus separated vowel sequence resolutions (raw and percentage) by speaker group

Figure 4 provides a Mosaic plot of the distribution of tokens as a percentage. The x-axis con-
tains the three speaker groups, while the y-axis represents the two resolution strategies in a
binary distinction of linked versus separated. The image captures the two extremes of monolin-
guals with high levels of linking versus the undergraduate intermediate learners with less than
a third of their productions realized as linked vowels. The advanced learners or second language
group comprised of graduate students demonstrate an evident change toward the use of linked
speech normally associated with monolingual speakers.

Mosaic plot: group and res

Sep

— 08

— 0.6

Lnk

1 Nat 2 Grad 3 Und

Figure 4: A mosaic plot of speaker groups and vowel sequence of linked versus separated resolutions
across word boundaries (1. Nat=Monolingual, 2. Grad=Advanced, 3. Und=Intermediate)

4.3  Resolution patterns of linked versus separated categories

In the linked resolution category, there were several types or realizations of vowel linking.
Likewise, there were several types within the separated category. Examples are presented in the
following sections.
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4.3.1 Linked vowel sequences

We used the following guidelines for sequence resolution based on segmental duration from
previous literature for singleton vowels, observations from our own perceptual characterization,
and the presence of steady-state formants. Sample patterns are presented in table 3.

Merged le_hace ‘does to him’ ['le:.se]

Replaced | lo_importante ‘the important thing’ | [li:m.por. tan.te]

Diphthong | su_otro ‘his other’ ['suo.tro]

Hiatus la_otra ‘the other’ | [la. o.tra]

Table 3: Linked vowel variants

The linked vowels sequence category had several resolution types, including a merged vowel,
a replaced vowel, a diphthong, or a hiatus, and were based on the vowel sequence duration and
formant patterns. The merged vowel characterization involved a single vocoid that was mid-
way between the two vowels. The replaced vowel designation was when one of the two vowels
was omitted, and the other was typically lengthened. The merged variant typically had a short
duration of a single vowel based on the formants and often was due to both vowels being of the
same phonemic quality. The replaced variant also had a short duration commensurate with a
singleton vowel with formant values associated with one of the vowels in the vowel sequence.
The duration for both the merged and replaced variants was generally <100 ms.
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Figure 5: Linked vowels (89 ms) in the word sequence nifio se esconde ‘boy child hides’
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The diphthong variety implies a glide with a steady-state vowel sequence and could occur in
either order. The diphthong variant typically had a clear, steady-state vowel of at least 50 ms
with a glide portion of variable duration. The durational range for the entire diphthong variant
varied between 80-160 ms. Figure 6 presents an example of a diphthong with a longer duration
(146 ms). The lack of an initial steady-state vowel at the sequence onset is the determining
factor in categorizing this production as a diphthong. We also note that the F1 value was 432,
and the F2 value at the onset was 2154 Hz, which is in contrast to the reported values for front
vowels in Spanish (cf. Quilis/Esgueva 1983).
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|‘ S i 0 'k u ‘ p a |
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Figure 6: Spectrogram of an example of a two-vowel sequence as a longer diphthong (146 ms) in the word
sequence se ocupa ‘he occupies’

The final resolution type was a hiatus (separate vowels belonging to distinct syllables), and we
would observe two relatively steady states of formant values. The hiatus variant was produced
with two distinct steady-state formant configurations with a combined duration above 160 ms.
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Figure 7: Spectrogram of a two-vowel sequence with vowel hiatus (390 ms) in the word sequence
pero no es ‘but it is not’

Figure 7 shows a long duration for the vowel sequence with a clear steady-state formant struc-
ture for each of the vowels and a smooth transition between them. This longer duration hiatus
was more common among the second language speakers without creaky voice or a glottal stop

seen in the separated tokens.

Speaker groups | Total tokens Linked cate- Merged/re- Diphthong Hiatus
gory tokens placed!!
Monolingual 279 264/94% 147/53% 91/33% 26/9%
Advanced 828 588/71% 171/21% 276/33% 141/17%
Intermediate 842 271/32% 55/7% 54/6% 162/19%
1949 1,123 373 421 329

Table 4: Linked/continuous vowel sequence patterns

1 The merged and replaced classification types were collapsed for several reasons. The primary reason is that they
reflected a single vowel production with a short duration due to being the same vowel or being produced as a
single merged vowel, or single glide-vowel sequence without any steady state of the vowel formants (the entire
vowel sequence was a transition, and very short). The second reason was due to the lack of distinct formant struc-
tures that would indicate two distinct vowels.
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Table 4 presents the tokens and frequency of productions in raw counts (total tokens produced)
and percentages based on the entire token corpus to facilitate comparisons across the linked and
separated categories. The intermediate learners linked the vowel sequences most often with
hiatus, slightly more frequently than the advanced learners. However, the advanced learners
produced considerably more merged and replaced tokens than the intermediate learners. The
monolingual speakers produced the highest number of merged/replaced tokens at 53%, fol-
lowed by diphthongs at 33%, and hiatus was the least common linked production. The merged
and replaced category showed the clearest distinction in patterns between levels, with the mon-
olinguals producing over 50% down to 21% by the advanced learners, with the intermediate
learners producing only 7%, indicating a large gap between the intermediate learners and mono-
linguals.

4.3.2 Separated vowel sequences

As mentioned previously, there were three types of strategies for the separated category of re-
solution, and the most frequent resolution was a glottal stop that often had several pulses of
glottal creak on the periphery, as exemplified in Figure 3.

The intermediate learners’ second most common separation strategy was to insert a pause. In
Figure 8, the pause between the two vowels is 222 milliseconds. The duration of the pause
ranged between 75 milliseconds and 300 milliseconds. Cases with a separation that exceeded
300 milliseconds were not included as they were no longer a running speech sequence but re-
flected a pronunciation or lexical recovery challenge.12
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Figure 8: Spectrogram of the separated category of pause (222 ms) between two vowels
in the word sequence y el nifio ‘and the boy’

12 This 300 ms choice is arbitrary and reflected our sense that the speaker did not know what to say next as opposed
to a specific desire to separate vowels.
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The resolution type of creaky voice between the two vowel sequences (see Figure 9) was the
least common resolution for all speakers, including the intermediate speakers; however, the
frequency still reached almost a fifth of the total intermediate-level productions. In some cases,
the glottal stop and creaky voice categories demonstrated a degree of overlap.
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Figure 9: Creaky voice or glottal fry between two vowels (417 ms with 87 ms of creak)
in the word sequence estaba arriba ‘he was above’

Figure 9 is another example of an identical vowel sequence that prescriptively should be pro-
duced as a single vowel. The two vowels have the same formant structure, yet there is a clear
separation due to the creak of the vowel sequence. Figure 10 is another example of separated
distinct vowels with a clear transition between the mid vowels /e/ and /o/, and the transition is
marked with creaky voice.
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Figure 10: Word boundary vowels with creaky-voice transition (114 ms)
in the word sequence el nifio es ‘the boy is’

Table 5 presents the cross-tabulated data for the resolution types by speaker groups. The first
number is the raw token count, followed by the percentage. The token count and percentages
included reflect the percentages of overall tokens analyzed, not just the separated resolution
type. We chose to present the percentages in this manner to facilitate comparisons across the
resolution categories and types.

Speaker Total tokens | Separated Glottal Pause Creak

groups category

Monolingual 279 15 6/2% 7/3% 2/1%

Advanced 828 240 95/11% 108/13% 37/4%

Intermediate 842 571 220/26% 192/23% 159/19%
1949 826 321 307 198

Table 5: Separated/discontinuous vowel sequence resolution types

4.4  Task types

This section documents the resolution categories linked and separated across the two learner
groups based on the task. The monolingual speakers only produced the narrative retelling, and
their data is included for comparison. In Figure 11, each resolution category is presented as a
percentage of the tokens produced in that task to facilitate the comparison across tasks.
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Resolution Patterns
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Figure 11: Resolution patterns by task type (Gm-par = reading task; Rana = narrative retell)

The intermediate learners only had 30% linked vowels in the reading task as compared to 49%
in the picture narrative. Viewed across task types, the intermediate learners demonstrate a 40%
difference spread towards separated vowels in the reading task, whereas there is only a 2%
difference in the picture narrative. The advanced learners demonstrated a clear preference for
linked vowels in both tasks, with a slightly higher rate of linking in the reading task, 74% com-
pared to 68%. Across all three speaker groups, as seen previously, the monolingual speakers
have the highest frequency of linked vowel sequences; however, there is some variability in
their resolutions. For the learner groups, a Chi-squared test with Yates’ continuity correction
showed significant differences between the two task types for the two L2 speaker groups for
the production of separated vowel sequences (2 (1) = 8.014, p-value = 0.004642).

5 Discussion

5.1  Research questions

Our first research question was, “How do English L1-speaking learners of Spanish resolve con-
tiguous vowels across word boundaries compared to monolingual speakers?” The two learner
groups produced the vowel sequences, both linked and separated resolutions, with variations in
their rates of usage. Intermediate learners demonstrate separated or discontinuous vowel se-
quences with high rates of separated vowels using several strategies, such as glottal stops,
pauses, and creaky voice, that are common in American English phonological patterns. These
same separation strategies were found among the advanced learners, though at much lower rates
of usage.

The second research question sought to determine if there were particular patterns or resolution
strategies among the groups for both linking/continuous and separated/discontinuous se-
guences. The data results suggest that the patterns found among the intermediate speakers also
occur with the advanced speakers at a lesser rate of application. In the linked vowel category,
the monolingual speakers produced higher rates of reduced vowels with shorter overall dura-
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tions. The intermediate speakers tended to produce vowel sequences with a longer duration,
which will be explored elsewhere. The advanced learners produced linked resolution types with
durations that fell in the middle between the intermediate speakers and the monolinguals. The
duration of vowel sequences seems to function as a cue to monolingual-like pronunciation; the
shorter the sequence duration, the more similar the monolingual speech patterns are. In the
separated vowels sequence, the monolinguals only produced two tokens of creaky voice, re-
flective of 1%. The intermediate learners produced more glottal stops than the advanced learn-
ers, who produced slightly more pauses than glottal stops. Again, rates of separation were much
lower for the advanced learners.

The third research question was concerned with the role of task type in the resolution of vowel
sequences. The intermediate learners produced more linked vowel sequences in the narrative
retelling compared to the textbook reading. The advanced learners produced slightly more
linked vowel sequences in the reading task. The reading task does not require the speaker to
retrieve vocabulary or create novel utterances. The lack of required planning for communication
could encourage a more fluid pronunciation, which is what happened with the advanced learn-
ers. Interestingly, the intermediate learners were more likely to produce linked vowel sequences
in the narrative retelling and far less in the reading task. Despite the differences in rates of
linking and separation between the two learner groups and the two tasks, it is important to
reiterate that the advanced learners produced considerably more linked vowel sequences in both
task types than the intermediate learners did. A question arises as to why the context with
greater cognitive load, which requires lexical retrieval and utterance creation, would facilitate
an increase in monolingual Spanish-linked speech patterns for the learners.

The current study did not examine the lexical density and complexity of the narratives between
the two learner groups. However, this may be a fruitful line of research for future studies.

5.2  Linking continuum

The data suggest a continuum of contiguous vowel resolutions, as illustrated in Figure 12. In
addition to the descriptive qualities of linking or separation, the duration of the sequences also
plays a role, as previously described. The durations of the linked categories of diphthong and
hiatus slightly overlap, and category selection was based on formant behavior. A hiatus could
have a shorter duration when two steady-state vowels were present, based on the formants. In
contrast, the diphthong category had only one steady-state vowel with a glide, which was oc-
casionally produced with a longer duration. A similar overlap occurred between the merged/re-
placed and diphthong types, which were identified based on formant behavior.

We acknowledge that these resolution characterizations and descriptions involve a degree of
subjectivity. However, we suggest that duration measurements and formant criteria offer a more
nuanced and replicable approach to characterizing and classifying contiguous vowel production
across word boundaries than previous studies.
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Contiguous vowel resolution continuum
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Figure 12: Continuum of vowel # vowel resolution strategies

5.3 Tasks and Learners

There seems to be a tension between the formality of the texts and the nature of the speech
produced for each, which relates to formality and speech planning. At the same time, the read-
ing task about a Nobel Prize-winning Colombian Spanish author could be considered more
formal due to the more advanced syntactic structure and lexical density compared to a child’s
simple illustrated picture book. The picture book required the participants to create a coherent
narrative that followed the illustrations, including the vocabulary and syntactic structure. One
possibility is that the advanced learners, graduate students, were very comfortable reading about
Spanish literary authors and could focus their speech on producing a fluid and presentational
manner of speaking. Additionally, the advanced learners would have read and discussed this
type of passage regularly in their graduate coursework, and they likely functioned as the in-
structors of this or a similar passage to other intermediate-level learners. While the intermediate
learners would have read this exact passage or passages very similar to it, the formal reading
passage contained vocabulary and syntactic structures that were not typical to their usage of
Spanish. The intermediate learners may have benefited from their decision to use frequently
occurring lexemes and word combinations that are familiar, which could result in the more fluid
pronunciation and linking of contiguous vowels across word boundaries.

5.4  Acquisition of a process

There has been considerable research on the acquisition of new sounds in language acquisition
and how to model or theorize the acquisition process. The current phenomenon of synalepha is
not concerned with new sounds in the acquired language, which in this case would be a simpli-
fication of the vowel system and avoidance of schwa, but rather with the interaction of sounds.
In other words, the sounds themselves can be the same, but how they interact or overlap, in this
case, becomes the phenomenon that must be acquired.
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This linking of sounds across word boundaries does occur in very informal speech in American
English, often in conjunction with additional consonantal reduction. If this linking of vowels
across word boundaries functions as a reductive or lenitive process, then the acquisition of syn-
alepha could be quasi-compared to other allophonic variants in the acquisition of Spanish, such
as voiced stops as approximate allophones in intervocalic position.

The previous section showed variable linking patterns for different tasks. However, simpler
reading tasks could potentially allow learners to practice linking vowels. Additionally, high-
frequency word pairs could be practiced to entrench or solidify the linking patterns that often
occur with high-frequency lexemes and lexical pairs. The results suggest that narrative retells
yield more nativelike vowel linking among intermediate learners and may be a worthwhile task
to explore further and incorporate into classroom practices.

6 Conclusion

The study explores the production of contiguous vowels across word boundaries by two groups
of L1 English speakers learning Spanish compared to monolingual Spanish speakers. All three
groups employed similar production types but with different rates. Intermediate learners fre-
quently separated vowel sequences with glottal stops, pauses, and creaky voice, common in
American English. Advanced learners used these separation strategies less frequently, showing
a progression toward monolingual Spanish patterns. Monolingual speakers typically produced
continuous speech with shorter, linked vowel sequences and with shorter durations. The ad-
vanced learners produced vowels with durations that fell between those of the intermediate
learners and monolinguals. The study highlighted that the duration of vowel sequences serves
as a cue to more monolingual-like pronunciation.

Task type also played a role in vowel sequence resolution, with intermediate learners producing
more linked vowels in narrative tasks compared to reading tasks. Advanced learners showed
the opposite trend, potentially due to their familiarity with formal texts and the cognitive load
associated with formal texts. The advanced learners’ ability to produce more linked vowel se-
quences in both task types than intermediate learners suggests that context and task complexity
influence pronunciation patterns variably. Future research could explore lexical density and
complexity in narratives to further understand their impact on vowel sequence resolution. On-
going research by the authors explores linguistic variables with acoustic details. Overall, the
study provides an initial and fundamental descriptive documentation of the process of contigu-
ous vowel resolutions by multiple speaker groups, important acoustic details of the contiguous
vowel resolutions, and beneficial insights into the phonological adjustments learners make as
they advance in their Spanish proficiency.
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