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1. Introduction

Research on the production of the trill phoneme in second language (L2) Spanish by English-
speaking learners has shown that learners use the canonical voiced alveolar trill pronunciation at
low rates and still produce some English-like rhotics in this context until even advanced levels of
proficiency. These studies also demonstrate that learners are variable in the realization of the trill
phoneme, producing many of the same variants that native speakers do, in addition to the
prescriptive variant and English-like rhotic. Even at advanced levels of L2 Spanish proficiency,
learners exhibit extensive intra- and inter-individual variation that cannot be fully explained by
linguistic variables such as phonetic context, lexical stress, and frequency. At the same time,
research has also demonstrated the importance of several individual learner characteristics for L2
pronunciation accuracy, including phonological short-term memory, executive working memory,
L2 vocabulary size, and years of study. In this study, we investigate whether this variability in

L2 Spanish trill production may, in part, be explained by these individual differences.

2. Native Speaker Trill Production
Spanish has two rhotics, the tap (caro /karo/ ‘expensive’), realized with a rapid contact of the

tongue tip against the alveolar ridge, and the trill (carro /karo/ ‘car’), produced by the tongue tip



striking the alveolar ridge two or more times. As Hualde (2005) further states, prescriptively the
trill occurs word-initially and word-internally after a consonant, and the tap occurs in onset
clusters and word-finally before a following vowel. These rhotics contrast intervocalically within
a word, but either may appear word-internally, word-finally preceding a consonant, and word-
finally preceding a pause, although the tap is more frequent.

While this summary describes the prescriptive norms for the tap and trill, in reality there
is substantial variation exhibited by native speakers. The variable nature of the trill has been
extensively studied by sociolinguists, who have found that in addition to the canonical
production of /1/ as a voiced alveolar trill with multiple occlusions, it is also produced as an
approximant, a fricative, a single occlusion (either alone or followed by r-coloring or frication),
or as a tap or trill preceded by aspiration or breathy voice, among other variants. These
researchers have shown that variation is impacted by linguistic factors, such as phonetic context,
stress position, and frequency, and extra-linguistic variables such as dialect, age, and social class
(e.g., Bradley, 2006; Diaz-Campos, 2008; Henriksen & Willis, 2010; Willis, 2007). In the
current review, we will focus on linguistic factors that have been found to condition trill
variation.

First, studies reveal that the phonetic context surrounding the trill often affects its
realization. Solé (2002) examined the trill in the contexts [i]_[i] and [a] [a] and reported that
trills tended to be shorter and have fewer occlusions when surrounded by [i] than when
surrounded by [a]. Henriksen (2014) also described differences in trill production due to the
preceding vowel, with a preceding /u/ corresponding to a lower number of occlusions compared
to /a/, /e/, and /o/, but he did not find an effect of the following vowel. Beyond vowels alone,

Diaz-Campos (2008), Lamy (2015), and Zahler and Daidone (2014) investigated the role of the



place of articulation of surrounding segments. While Lamy (2015) discovered that both
preceding posterior vowels and consonants favored a multiple-occlusion variant, conversely
Diaz-Campos (2008) and Zahler and Daidone (2014) reported no significant effect of the
preceding or following sound. Daidone and Zahler (2021) found an effect of the preceding
segment when analyzed by manner of articulation, with low vowels, mid vowels, and sonorant
consonants favoring the normative pronunciation, and obstruents disfavoring it. Other studies
looking at individual sounds have noted that a preceding /s/ particularly disfavors a canonical
multiple-occlusion variant when compared to other preceding consonants or vowels (Bradley
2006; Diez Canseco 1997; Lewis 2004).

Another variable that has been extensively examined is stress position, resulting in mixed
findings. Zahler and Daidone (2014), Melero Garcia (2015), and Lamy (2015) observed that trills
appearing in the onset of stressed syllables were more likely to be produced as multiple-
occlusion variants. On the other hand, Henriksen and Willis (2010) and Henriksen (2014) found
that unstressed syllables were more conducive to the production of a trill with multiple
occlusions. In contrast to both groups of studies, Lewis (2004) and Daidone and Zahler (2021)
did not find any effect of stress.

Researchers have also begun to investigate the effect of a word’s frequency and
phonological neighbors. Lamy (2015) and Zahler and Daidone (2014) showed that the higher the
frequency of a word, the less likely it was to be produced as a multiple-occlusion variant. However,
Melero Garcia (2018) described an opposite effect for frequency, in which higher frequency
favored the normative pronunciation, and Daidone and Zahler (2021) reported no significant effect
of frequency. A few of these studies have also examined the role of phonological neighbors, or

those words that differ from the target word (e.g., perro) by one phoneme through addition (e.g.,



puerro), substitution (e.g., pero) or deletion (e.g., erro). Zahler and Daidone (2014) observed that
a greater number of phonological neighbors led to more canonical pronunciation. Similarly,
Melero Garcia (2018) examined the effect of the number of phonological neighbors with a higher
frequency than the target word itself. He found that the more higher frequency phonological
neighbors a word had, the longer speakers produced the duration of the trill phoneme in the target
word. Conversely, Daidone and Zahler (2021) discovered no effect of the number of higher
frequency phonological neighbors.

Overall, these studies illustrate that the trill phoneme has been extensively investigated in
native Spanish speech, yielding knowledge about the different variants produced and the factors
affecting their use. The production of the trill by second language (L2) learners has also been
examined widely, although less focus has been devoted to examining its pronunciation from a

variationist perspective.

3. Second Language Learner Trill Production

Unlike Spanish, British and American English contain a single rhotic, a voiced alveolar
approximant /1/ (Ladefoged & Johnson, 2010). Therefore, the Spanish trill /r/ represents a new
phoneme for English-speaking learners of Spanish, who have been shown to often not produce
the trill with its canonical multiple-occlusion pronunciation (e.g., Bongiovanni, Long, Solon, &
Willis, 2015; Face, 2006; Olsen, 2016; Rose, 2010). For example, Bongiovanni et al. (2015)
found that intermediate learners’ rate of canonical multiple occlusion production was around
15% both before and after a four-week study abroad program, with learners most frequently
realizing the trill as a tap. Similarly, Face (2006) reported that Spanish majors and minors

realized the trill as its normative variant only about 27% of the time and more commonly



produced the trill as an English-like rhotic. Across these studies, learners have also been shown
to produce other variants such as a lenited tap, a native-like approximant, a fricative, and a tap
followed by another element like r-coloring. Additionally, learners have been shown to use less
non-native rhotics in the trill context as course level or experience with the language increases.
A few studies have applied a variationist analysis to L2 trill production to examine
factors affecting this variation. Of these, two have analyzed L2 production of Spanish rhotics
with the tap and trill contexts combined. Hurtado and Estrada (2010) concluded that numerous
factors affected learners’ accurate production of Spanish rhotics, which was operationalized as
production of any native speaker variant attested for the tap and trill. Specifically, they found
that position within the word, phonological context, discourse type, focus of the exercise,
learners’ class level, and whether the recording was from before or after instruction were all
significant factors. Weech (2009) considered accurate Spanish rhotic production to be those
variants present in a dialect with which a learner had experience, in addition to the normative
realizations of the tap and trill. Like Hurtado and Estrada, he showed that more Spanish
instruction favored more accurate rhotic production. He also found that phonetic context
impacted accuracy. Finally, one study has analyzed production of solely the trill by advanced L2
learners of Spanish. Daidone and Zahler (2021) reported that learners used all six of the same
variants produced by native speakers, in addition to two variants not present in native speech,
specifically an English-like approximant and a rhotic with a preceding epenthetic vowel inserted.
The researchers then analyzed the effect of the preceding and following sound, speaker sex, log
frequency, number of higher frequency phonological neighbors, and stress on learners’ trill
production. Only speaker sex and log frequency conditioned production of the canonical

multiple-occlusion variant, such that tokens by male learners and higher frequency words were



more likely to be produced normatively. The researchers also examined the factors affecting the
use of native variants versus those not produced by native speakers. They observed that when
analyzed in this way, learners’ production was conditioned by frequency and the following
vowel. Higher frequency predicted more use of native variants, as did a following [a]. The
authors were not able to include the manner of the preceding segment and stress in this
regression analysis due to interactions, but when considered in separate analyses, these factors
did demonstrate an effect on variation. Low and mid vowels favored native-like variants
compared to other preceding sounds, as did unstressed syllables as opposed to stressed syllables.
The results of Daidone and Zahler (2021) show that only a few of the linguistic factors
that have been shown to impact native speaker trill variation actually condition learner trill
variation, particularly when analyzed as the use of the multiple-occlusion variant versus all
others. This begs the question of what other factors may be influencing their production. We
hypothesized that individual differences related to executive working memory (EWM),

phonological short-term memory (PSTM), and L2 vocabulary size would affect this variation.

4. Individual Differences and L2 Phonological Skills

4.1 Working Memory

Most definitions of working memory (WM) agree that it is a mental system in which information
is held temporarily and made available for ongoing mental tasks. The most prominent model,
proposed by Baddeley and Hitch (1974), views WM as containing multiple components in which
a central executive system oversees the selection and maintenance of task-relevant information
that is held in one of two short-term memory stores. The first store is the phonological loop,

which holds auditory material, while the second is the visuospatial sketchpad, which stores



visual and spatial information. In both storage sub-systems, information is subject to decay
across time but can be refreshed using rehearsal systems. Although newer iterations of this
model have been proposed (e.g., Baddeley, 2000), these three components have remained central
to the model. Regarding its relationship to language, WM is frequently implicated as an
individual difference that affects or mediates L2 acquisition; however, distinct types of WM
related to different subcomponents of the WM system have been shown to affect L2
development in different ways. In this review, we focus on phonological short-term memory

(PSTM) and executive working memory (EWM).

4.2 Phonological Short-Term Memory

PSTM — an individual’s ability to store verbal information over short periods of time — is related
to the phonological loop. Regarding the current study, PSTM has been implicated in the learning
of L2 sounds and words. It is thought that a learner’s ability to notice differences between L1 and
L2 sounds is enhanced by an improved ability to store more L2 phonological material for longer
and a higher ability to sub-vocally rehearse L2 sounds during processing (Mora & Darcy, 2011).
Thus, higher PSTM abilities and more accurate L2 phonological representations are, in turn,
thought to lead to more accurate L2 production. These hypotheses are supported by research
documenting relationships between PSTM abilities and several L2 phonological skills, such as
sound perception (e.g., Cervifio-Povedano & Mora, 2011, 2015) and L2 pronunciation (e.g.,
Inceoglu, 2019; Nagle, 2013; Zahler & Lord, 2022). A relationship between PSTM and L2
pronunciation is most often documented at earlier levels of proficiency, while for advanced
learners research is more mixed. When examining global proficiency, a link with PSTM is

generally not found, but it has been when examining specific sounds, such as L2 vowel



production (see Zahler and Lord, 2022, for an overview). Thus, it may be that higher PSTM
remains facilitative at advanced levels for specific classes of sounds, possibly those that are

challenging for the L2 learner.

4.3 Executive Working Memory

EWM corresponds to the central executive component of WM and is defined as the ability to
store or maintain task-relevant information in the face of distraction or additional information
processing (Cowan, 2017). Few studies have considered its role in L2 phonological skills overall
and, to our knowledge, only four studies have investigated its relationship to L2 pronunciation,
with mixed results. Two studies found a relationship between EWM and pronunciation. Simard,
Molokopeeva, and Zhang (2020) reported that higher EWM skills led to higher global
pronunciation ratings for Chinese-speaking learners of French. Similarly, Trude and Tokowicz
(2011) observed that the L2 Spanish pronunciation of several segments by English speakers was
more accurate for learners with higher EWM. Conversely, Inceoglu (2019) found no relationship
between EWM and learners’ pronunciation of L2 French vowels, and Posedel, Emery, Souza,
and Fountain (2012) observed no relationship of EWM to global pronunciation ratings of
English-speaking learners of Spanish. Although a role of EWM in L2 pronunciation has not
consistently been observed, when there is one, higher EWM facilitates more accurate production.
Trude and Tokowicz (2011) argue that it may be important for L2 pronunciation, since higher
EWM allows for greater capacity to coordinate language processing and information storage
during production tasks. We suggest, then, that it may be that higher EWM learners are less
cognitively burdened by the numerous concurrent tasks required of them during language

production, and thus can allocate more resources to pronunciation.



4.4 Vocabulary Size

L2 vocabulary size has been investigated in relation to learners’ perception, production, and
representations of words. Bundgaard-Nielsen, Best, and Tyler (2011) found that those Japanese-
speaking learners with a large English vocabulary size had more accurate discrimination of
English vowels compared to those learners with a small vocabulary size. Bundgaard-Nielsen,
Best, Kroos, and Tyler (2012) reported a parallel result for production, in that learners in the high
vocabulary knowledge group had more intelligible English vowels compared to those of the low
vocabulary knowledge group. Furthermore, when analyzed as a continuous measure, vocabulary
size predicted average intelligibility. Similarly, Georgiou, Perfilieva, and Tenizi (2020) found
that Russian-speaking learners in the high vocabulary group had more accurate discrimination of
English vowels and were better able to perceive differences within vowel categories compared to
the low vocabulary group. In contrast, Darcy, Park, and Yang (2015) found no correlations
between learners’ L2 vocabulary size and their abilities to process English segmentals,
suprasegmentals, and phonotactics. Two studies have looked at the role of vocabulary size in
predicting the accuracy of phonological representations of words. Llompart (2021) reported that
German-speaking learners with a larger English vocabulary were more likely to have accurate
representations of English words, but only if they had an advanced proficiency level. Even more
relevant to the current study, Daidone and Darcy (2021) tested English-speaking learners of
Spanish on the accuracy of their representations of words containing the tap, trill, and /d/, and
they found that L2 vocabulary size was a significant predictor of learners’ ability to accept
accurate word forms and reject those with the incorrect sound. Overall, researchers have

hypothesized that the addition of more L2 words to a learner’s vocabulary leads to more



phonological awareness and increasingly more accurate phonetic categories (e.g., Bundgaard-

Nielsen et al., 2012, 2011).

5. The Current Study
Given the research previously outlined, the following research questions guide our study:

1. What are the phonetic variants produced in the trill context by graduate-level second

language learners of Spanish?

2. Do learners vary in their individual rates of trill production?

3. What linguistic variables and individual differences characterize this variation?
Given prior studies, we expect that learners will produce several phonetic variants similar to
those found in native-speaker varieties, while still occasionally producing non-native sounds. In
line with Daidone and Zahler (2021), who also studied advanced L2 Spanish learners’ trill
variation, we expect that frequency and surrounding phonetic context will affect the sounds that
learners produce. We also expect that learners will vary noticeably between each other in their
rate of production of different variants of the trill, particularly the canonical multiple-occlusion
variant. Regarding individual differences, given prior research we believe that learners with a
larger vocabulary size, more years of study, and higher EWM and PSTM will produce more

canonical multiple-occlusion variants as well as more native-like variants in general.

6. Methods
6.1 Participants
There were two groups of participants in this study. The first comprised 29 graduate students of

Spanish enrolled in a MA or PhD program in Hispanic literature or linguistics at four US



universities. These learners were all native speakers of only English and L2 learners of Spanish.
Participant characteristics are provided in Table 1.

Table 1. Learner Participant Characteristics

Gender Age Years of study Study abroad

F=17 28.48 11.78 No=3

M=12 SD=4.18 SD=4.10 Yes =26
Range = 22-42 Range = 4.25-19

The second group of participants comprised 26 L1 Spanish-L2 English speakers who resided in
the U.S. and who were, at the time of participation, graduate students in Spanish MA and PhD
programs or university instructors of Spanish. Their participant characteristics are displayed in
Table 2.

Table 2. Native Speaker Participant Characteristics

Gender Age LOR in US (years) Region of origin

F=11 36.12 8.33 Spain = 10

M=15 SD =8.07 SD =6.53 Colombia =15

Range = 26-56 Range = 4mo-26yrs  Argentina =3

Puerto Rico =2
Mexico = 2
Peru=1
Venezuela = 1
Cuba =1
Bolivia=1

Note: LOR = length of residence

This group of native Spanish speakers was chosen as a comparison specifically because they
interacted with the learners in the same university programs, thus constituting the same
community of practice. These participants were included in the study to demonstrate the variety

of trill variants produced by native speakers on the same task as the learners.



6.2 Tasks

The 45 participants, both learners and native speakers, completed a series of tasks as part of a
larger study designed to analyze the relationship between cognitive individual differences and
sociolinguistic variation. Each participant completed a 2-hour research session in the first
author’s office or a research lab. In this chapter, only the tasks relevant to the study are outlined

below.

6.3 Phonological Short-Term Memory

To measure their PSTM, each participant completed a serial nonword recognition task that used
Russian CVC nonwords. These nonwords were used to create 24 pairs of sequences that ranged
in length from five to seven items, eight at each length. For twelve of these pairs, the two
sequences were identical in order (e.g.. A,B,C,D,E; a,b,¢,d,e) and for the remaining twelve pairs,
two items internal to the sequence were switched in order (e.g. A,B,C,D.E; a,c,b.d,e).
Participants were presented these 24 pairs aurally and in randomized order in OpenSesame
(Mathot, Schreij, & Theeuwes, 2012). They were instructed to listen to each pair of nonword
sequences and judge whether the two sequences were the same or different. Participants
completed a practice phase of four five-item sequences before the experimental portion of the
task. Scores were weighted: for each sequence pair correctly judged as same or different
participants were awarded points equal to that sequence’s length. Thus, the maximum score
possible on this task was 144. Learners’ scores averaged 88.6, with a range of 34 to 137, and a

SD of 24.35.



6.4 Working Memory

Participants also completed the Operation Span Task from the Psychology Experiment Building
Language (Meuller & Piper, 2014). This task presents participants with simple math operations
that they must judge as correct or incorrect (e.g. 4 + 1 = 5; true or false?) followed by a letter, in
sequences of three to seven operation-letter combinations. Each length was presented three times
for a total of 15 sequences, in randomized order, and thus the length of any given sequence was
random. At the end of each sequence, participants were asked to input the letters in the order that
they were presented. Participants were scored on the total number of letters correctly identified
in the correct position, rather than whether the entire sequence of letters was correctly entered.
Thus, participants’ scores were calculated out of 75 total possible points. Learners’ scores

averaged 60.45, with a range of 21 to 75, and a SD of 12.07.

6.5 Vocabulary Measure

Each participant also completed the Lextale-ESP vocabulary test (Izura, Cuetos, & Brysbaert,
2014) as a measure of their vocabulary knowledge. This task contains a list of 60 real Spanish
words and 30 nonwords which combined real Spanish stems and affixes in novel ways.
Participants were asked to indicate which words were real Spanish words and to not mark any
words that they did not recognize. Each real word correctly identified was assigned 1 point,
while each nonword incorrectly marked as real was assigned —2 points. Thus, the possible score
for this task ranged from —60 and 60, with a score around 0 indicating chance. Learners’ average

score was 36.62, and ranged from 18 to 51 with a SD of 9.05.



6.6 Oral Response Prompt Task

In order to elicit spontaneous production, participants were asked to respond to a series of 10
prompts presented via PowerPoint. They were instructed to respond to each prompt for one to
two minutes as if they were speaking to a friend, and when they completed the response, to press
the spacebar to move on to the next prompt. The prompts covered a range of topics designed to
promote different discourse types, such as hypothetical, narrative, and descriptive discourse (e.g.
cuéntame tus planes para este fin de semana ‘tell me your plans for this weekend’). Participants
were asked about past events in their life — such as their favorite vacation or first memory —, their

families and friends, and their plans at various points in the future.

6.7 Background Questionnaire
Each participant completed a background questionnaire requesting demographic information and

linguistic history.

6.8 Coding

6.8.1 Dependent Variable

Each token of phonemic /r/ was identified in the oral response prompt task (Grads, N = 496;

Native speakers, N = 589), analyzed acoustically with Praat (Boersma & Weenink, 2019), and

classified as one of the following 12 variants based on previous literature (e.g., Rose, 2010;

Zahler & Daidone, 2021; Willis, 2007):

1.  avoiced alveolar trill with two or more occlusions (canonical multiple-occlusion variant;
Figure 1)

2. analveolar tap (one occlusion; Figure 2)



3.  atap followed by an approximant (Figure 3)

4.  atap followed by frication (Figure 4)

5. an assibilated variant (Figure 5)

6.  apre-aspirated or pre-breathy voiced tap (Figure 6)

7. apre-aspirated or pre-breathy voiced trill (Figure 7)

8. anative-like Spanish approximant with no lowered F3 and formant structure still visible
throughout (Figure 8)

9.  atrill followed by frication (Figure 9)

10. an English-like approximant with a lowered F3 and audible r-coloring (Figure 10)

11. adeletion (Figure 11)

12. an epenthetic vowel before a tap, a tap plus another element, or a trill (Figure 12).
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6.8.2 Independent Variables

The native speaker data was only coded for the dependent variable, since it was used as a
comparison to determine the variants produced by native speakers in the trill context. For the
graduate data, we coded each token for five linguistic variables and four individual differences
variables. The first linguistic variable was preceding segment manner: tokens were classified as
having either a preceding high vowel, mid vowel, low vowel, sonorant, obstruent or pause. The
second variable, following segment, was coding according to the individual vowel that followed
the trill token: /a/, /e/, /i/, /0/, /u/. Lexical stress was also considered: the syllable in which the
trill occurred was either stressed or unstressed. The final two linguistic variables were related to
frequency. We used lexical log frequency and the number of higher frequency phonological
neighbors from the EsPaL corpus (Duchon, Perea, Sebastian-Gallés, Marti, & Carreiras, 2013).
Log frequency was selected as the word frequency measure for methodological similarity to
Daidone and Zahler (2021), and because log frequency lessens the disparity between low

frequency and high frequency words, which are distributed differently in any given language.



We also chose number of higher frequency phonological neighbors to keep in line with Daidone
and Zahler (2021), and because we assumed that learners were more likely to be familiar with
higher frequency phonological neighbors, as opposed to all a word’s phonological neighbors
which may include rare words. These last two variables were continuous. Log frequency ranged
from 0 to 2.65, with an average of 1.41 and SD of 0.72. Number of higher frequency
phonological neighbors ranged from 0 to 25, with an average of 0.96 and SD of 1.83. The
individual differences variables were each learners’ PSTM, EWM, vocabulary score, and years

of study, obtained from the tasks described above.

6.9 Analysis

The first set of analyses consisted of a simple calculation of the proportion of variants used in the
trill context for the graduate L2 speakers and the L1 Spanish speakers. The proportion of each
variant for both the learner and native speaker group as a whole was calculated, as well as the
rate of the canonical multiple-occlusion variant for each individual. The second set of analyses
was comprised of two mixed-model logistic regression analyses on the L2 speaker data,
conducted in Rbrul (Johnson, 2009). The first analysis had a binary dependent variable in which
the use of the multiple-occlusion trill, the standard form, was compared to that of all other
variants. The second regression analysis also had a binary dependent variable in which the use of
all variants considered to be native-like, that is, evidenced by the native speakers, were compared
to the use of those that were considered non-native. The first category contained all uses of the
multiple-occlusion variant, tap, tap plus approximant, tap plus frication, native-like approximant,
assibilated variants, pre-aspirated or pre-breathy voiced tap, and pre-aspirated or pre-breathy

voiced trill. The learners produced no elided tokens or trill plus frication. The non-native



category included English-like approximants and epenthetic vowel plus rhotic. In each of the
analyses (multiple-occlusion versus other; native-like versus non-native), the independent
variables included were the following: preceding sound manner of articulation, following vowel,
lexical stress, log frequency, higher frequency phonological neighbors, and learner PSTM,
EWM, vocabulary score, and years of study. These independent variables were included as fixed

effects and individual participant and individual lexical item as random effects.

7. Results

7.1 Distribution of Variants

In Figure 13, the distribution of trill variants by the L2 learners is presented. The multiple-
occlusion variant was the most common sound produced in this context at 38.7%, followed by
the assibilated variant and a tap followed by frication. The native-like approximant, tap, English-

like approximant, and epenthetic vowel followed by a tap variant or trill also occurred somewhat

frequently.
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Figure 13. Distribution of Trill Variants by L2 Learners



In Figure 14, the distribution of trill variants produced by the native speakers is
presented. Mirroring the learners, the multiple-occlusion variant was produced most frequently
by this group at 33.9%, and the assibilated variant, tap, tap plus frication, and native-like
approximant also occurred regularly, albeit somewhat more than for learners. Additionally,
native speakers used the tap plus approximant variant more frequently than learners. There were
also only a handful of tokens for the pre-aspirated or pre-breathy voiced tap and pre-aspirated or
pre-breathy voiced trill, similar to the learners. Lastly, native speakers also infrequently
produced a trill plus frication variant and a deleted variant, which were not produced by the
learners. The native speakers did not produce the epenthetic vowel plus tap/trill or English-like

approximant variants.
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Figure 14. Distribution of Trill Variants by Native Speakers
In Table 3, for each individual learner we provide the rate at which they produced the

canonical multiple-occlusion variant, their most frequently produced variant(s), and the number



of different variants that each learner used. In Table 4, the same information is presented for the
native speakers.

Table 3. Individual Trill Production for Learners

Participant % Trill Most frequent variant(s) # of variants used
L1 10.0 Assibilated 3
L2 14.3 Native approx.; Assibilated 5
L3 55.6 Trill 4
L4 57.1 Trill 6
L5 52.9 Trill 3
L6 82.4 Trill 2
L7 45.8 Trill 5
L8 64.7 Trill 3
L9 45.5 Trill 5
L10 22.7 Tap + frication 6
L11 75.9 Trill 6
L12 56.2 Trill 4
L13 33.3 Tap; Trill 5
L14 14.7 Assibilated 8
L15 33.3 Tap + frication; Trill 4
L16 88.9 Trill 2
L17 12.5 Epenthetic vowel + tap 6
L18 4.3 English approx.; Tap 6
L19 60.0 Trill 3
L20 9.1 Assibilated 8
L21 0.0 Native approx. 7
L22 11.1 Tap + frication 4
L23 16.7 Assibilated 5
L24 84.6 Trill 3
L25 33.3 Assibilated 4
L26 68.4 Trill 5
L27 27.0 Trill 5
L28 46.7 Trill 5
L29 0.0 English approx. 3




Table 4. Individual Trill Production for Native Speakers

Participant % Trill Most frequent variant(s) # of variants used
NS1 75.0 Trill 2
NS2 0.0 Assibilated 2
NS3 32.1 Assibilated; Trill 5
NS4 60.9 Trill 5
NS5 25.0 Assibilated 4
NS6 0.0 Assibilated 3
NS7 25.0 Assibilated 3
NS8 18.8 Tap + frication 6
NS9 53 Tap 5
NS10 2.9 Tap 6
NS11 57.1 Trill 5
NS12 27.3 Assibilated 7
NS13 30.4 Trill 5
NS14 17.4 Assibilated 4
NS15 18.5 Tap + frication 6
NS16 45.8 Trill 6
NS17 40.7 Trill 4
NS18 0.0 Tap + frication; Assibilated 5
NS19 50.0 Trill 5
NS20 87.5 Trill 3
NS21 68.4 Trill 5
NS22 19.0 Tap 5
NS23 76.0 Trill 4
NS24 4.3 Tap + approx. 6
NS25 33.3 Tap; Trill 4
NS26 68.4 Trill 7

All participants produced at least two variants, and often three or more. For both the
graduate learners and the native speakers, a higher proportion of participants used the canonical
multiple-occlusion trill the most frequently. However, the assibilated variant for learners, and the
assibilated variant and tap for native speakers were also frequently the most common variant

used by individuals.



7.2 Regression Analyses

In Table 5, the results of the first regression analysis are provided in which we analyzed the
factors affecting the use of the canonical multiple-occlusion variant versus all other sounds. In
this table, only the factors that significantly (p<.05) affected variation are displayed. The
multiple-occlusion variant was selected as the application value. The categorical independent
variables have factor weights provided by the analysis for each category of that variable. These
weights can range from 0 to 1.0. A factor weight at or near 0.50 indicates that the multiple-
occlusion variant is neither favored nor disfavored in that category relative to all other variants.
A factor weight below 0.50 indicates that it is disfavored, while a factor weight above 0.50
indicates that it is favored. The analysis indicated two independent variables were significant,
both of which were linguistic. The first is the manner of the preceding segment. Preceding mid
and low vowels favored the use of the multiple-occlusion variant, while pauses, high vowels, and
obstruents disfavored its use, increasingly so in that order. Preceding sonorant consonants neither
favored nor disfavored the multiple-occlusion variant. For following sound, back vowels /o/ and
/u/ were grouped as well as front vowels /e/ and /i/ due to similar effects and the small number of
back vowels when analyzed separately. Back vowels favored the use of the multiple-occlusion
variant while front vowels and /a/ disfavored its use. Log frequency, lexical stress, the number
of higher frequency phonological neighbors, and none of the individual difference variables were

significant.



Table 5. Regression Analysis for Factors Conditioning Use of Multiple-Occlusion Variant versus
All Others

Factor N % Trill Factor weight
Preceding segment manner (p = 0.005)

Mid vowel 167 52.1% 0.71
Low vowel 108 36.1% 0.58
Sonorant consonant 61 27.9% 0.50
Pause 70 28.6% 0.43
High vowel 43 30.2% 0.42
Obstruent 47 34.0% 0.36
Following sound (p = 0.043)

Back vowel 79 62.0% 0.67
Front vowel 378 34.9% 0.42
/a/ 39 28.2% 0.40

In Table 6, the results are presented for the second regression analysis analyzing the
factors that constrain the use of native-like variants versus non-native variants. The average rate
of native-like variant use was 85.7%, but learners ranged between 37.5% and 100% of native-
like variant use, with a SD of 20.8%. In this analysis, the use of native-like variants was chosen
as the application value. Thus, factor weights above 0.50 favored native-like variants, while the
factor weights below 0.50 disfavored their use. In this analysis, preceding segment manner was
significant, with low and mid vowels favoring the use of native-like variants, high vowels
slightly disfavoring their use, and preceding obstruents, sonorant consonants, and pauses strongly
disfavoring their use. Lexical stress was also significant. Native-like variants were favored in

stressed syllables and disfavored in unstressed syllables.



Table 6. Regression Analysis for Factors Conditioning Use of Native-Like Variants versus All
Non-Native Variants

Factor N % Native-like variants Factor weight
Preceding segment manner (p <.001)

Low vowel 108 97.2% 0.89
Mid vowel 167 97.0% 0.88
High vowel 43 86.0% 0.43
Obstruent 47 72.3% 0.25
Sonorant consonant 61 70.5% 0.23
Pause 70 62.9% 0.18
Lexical stress (p <.001)

Stressed 126 93.7% 0.73
Unstressed 370 83.0% 0.27

8. Discussion

Our first research question asked about the phonetic variants that learners produced in the trill
context. We found that learners employed eight of the ten variants produced by native speakers,
but that they did not use the trill plus frication and deleted variants. In addition, they produced
two sounds not produced by native speakers, an English-like approximant and an epenthetic
vowel preceding a rhotic. Mirroring the native speaker data, learners most frequently used a
multiple-occlusion variant, followed by an assibilated variant, and a tap plus frication. Thus, our
hypothesis that learners would use mostly native-like variants with only a small presence of non-
native variants was confirmed. Regarding the second research question, learners did indeed vary
in their rate of production of the multiple-occlusion variant, with rates between 0% and 88.9%
and a SD of 27.2%. Therefore, learners exhibited substantial individual variation. Our third
research question pertained to the linguistic variables and individual differences that affect
learners’ trill production. We found that their variation was constrained solely by linguistic
factors, and that no individual difference variables were significant. In the analysis comparing

the use of the multiple-occlusion variant to all other variants, preceding segment manner and



following sound were significant. Learners had a higher use of the multiple-occlusion variant
when the trill was preceded by a low or mid vowel compared to other sounds and when it was
followed by a back vowel compared to front vowels or /a/. This contrasts with the findings of
Daidone and Zahler (2021), who did not find an effect of the preceding or following sound, but
is in line with other L2 studies that have found an effect of surrounding phonological context on
L2 rhotic production (Hurtado & Estrada, 2010; Weech, 2009), as well as native speaker studies
in which this variable is important (e.g., Bradley, 2006; Lamy, 2015; Solé, 2002).

In the analysis comparing the use of native-like variants to non-native variants, preceding
segment manner and lexical stress were significant. Learners were more likely to produce a
native-like rhotic when preceded by a mid or low vowel compared to other sounds, and in
stressed syllables compared to unstressed syllables. The finding for manner of preceding
segment mirrors that of Daidone and Zahler (2021), while the result for stress contrasts with their
study. Comparing to research on native speakers, the conflicting findings between our study and
Daidone and Zahler (2021) on stress are unsurprising since across native speaker studies, this
linguistic variable has been shown to demonstrate opposing effects (e.g., Henriksen, 2014;
Lamy, 2015; Lewis, 2004). Regarding surrounding phonetic context, preceding obstruents
disfavored the use of both the multiple-occlusion variant and native-like variants more generally
in our study, similar to native speaker research that has found that a preceding /s/ disfavors the
use of the multiple-occlusion variant (e.g., Bradley, 2006). Our results on the favoring effect of
mid or low vowels also is in line with native speaker results, such as Solé’s observation that trills
were shorter and had fewer occlusions with surrounding /i i/ compared to /a_a/. Consequently,
learners appear to have more difficulty producing a native-like rhotic in the same phonetic

contexts in which native speakers have difficulty producing a trill.



In terms of individual differences, despite a wide range of variation in multiple-occlusion
rates between learners, none of the participant-related variables were significant. This finding
was contrary to our expectations, given that PSTM, EWM, L2 vocabulary size, and years of
study have been shown to be important for L2 pronunciation more generally, while more
experience with Spanish often results in higher multiple-occlusion use in previous research. The
lack of significant findings may be for various reasons. First, it is possible that vocabulary size in
general does not influence learners’ accuracy of words containing the trill, but rather only how
many words they know that have this phoneme. Additionally, while PSTM has been shown to be
an important predictor of L2 pronunciation at earlier levels of proficiency, most studies on
advanced learners have found no effect, which suggests that its role diminishes over the course
of L2 acquisition (however, see Zahler and Lord [2022] for an exception). Similarly, although
Daidone and Zahler (2021) found less effect of linguistic variables, their learners were likely not
as advanced as the learners in this study, who were graduate students of Spanish, many of whom
were also university instructors of the language. Thus, for advanced learners, it may indeed be
simply linguistic constraints that most strongly affect trill variation rather than individual
differences in cognitive abilities or vocabulary, given that the multiple-occlusion variant is
difficult to articulate. It is possible that our learners have accurately established categories for L2
sounds and have learned the phonological forms of L2 Spanish words, but that their
pronunciation is nevertheless highly variable due to the articulatory difficulty of producing these
rhotic variants in Spanish, which differ from the English rhotic. If so, the fact that solely
linguistic constraints known to also condition native speaker variation are significant is

unsurprising.



Another possibility is that other individual differences, such as location and/or quantity of
time spent abroad, may condition this variation. Twenty-six of the 29 learner participants had
studied or lived abroad for two weeks or longer in a Spanish-speaking region. Of those 26, 18
had been abroad to two or more regions. It may be that during their time abroad, the participants
encountered and subsequently adopted specific dialectal variants. Thus, future research should
examine the adoption of regional trill variants before and after a stay abroad. Relatedly, it is
important to highlight that although we classified the English-like approximant as a non-native
variant since it did not occur in the group of native speakers analyzed in the current study, this
pronunciation exists in Costa Rica (e.g., Lipski, 1994), and thus, participants could have come
into contact with this variant as part of the linguistic repertoire of a Spanish native speaker.
Indeed, three of our participants had spent between two and four weeks in Costa Rica, and one of
them employed the English-like approximant in their recording. In the case of this learner,
despite the fact that they had also lived abroad in other Spanish-speaking regions for longer
periods, it may be that the presence of the English-like approximant in their production is not due
to English influence, but rather the contact that they had with Costan Rican Spanish during their

stay abroad.

9. Conclusion

In this study, we found that despite a high amount of inter-individual variability in rates of
production of the multiple-occlusion variant, only linguistic variables conditioned trill variation
for our advanced L2 learners, while PSTM, EWM, vocabulary score, and years of study did not.
We suggest that this lack of significant relationship between the individual differences examined

and L2 trill production is due to the advanced level of our learners, who are graduate students of



Spanish, or due to the articulatory difficulty of the trill. In order to more precisely determine the
role, or lack thereof, of learners’ individual differences in L2 pronunciation, future research
should examine the effect of these measures at lower levels of proficiency, as well as their effect

in the pronunciation of other sounds that are articulatorily difficult.
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