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1. Introduction
The Spanish language has two rhotics, the voiced alveolar tap // and the voiced alveolar trill /r/.
Depending on context, these phones are either in free variation or complementary distribution; the only
exception is in intervocalic position where the presence of the tap or trill signals a difference in
meaning, e.g. pero /peo/ ‘but’ vs. perro /pero/ ‘dog’ (Hualde, 2005). 1 American English, on the other
hand, has a single rhotic which is realized most often as a voiced alveolar approximant and thus is
different from either of the Spanish rhotics (Ladefoged & Johnson, 2010). American English-speaking
learners of Spanish therefore must learn to produce both the tap and trill in intervocalic position in
order to differentiate between minimal pairs. Previous research on the acquisition of these phonemes,
however, has found that even advanced speakers often fail to distinguish between the tap and trill in
production (Face, 2006; Rose, 2010b).
Initially it may appear possible to attribute this difficulty in production to a difficulty in
perception, since Rose (2010a) found that Spanish // and /r/ were assimilated by naïve American
English listeners to the same English category // in the majority of cases; 96.2% of Spanish /r/ tokens
and 57.7% of // tokens were identified as English //, making English // the modal response for both
Spanish rhotics. Nevertheless, Rose (2010a) found that learners at all levels were highly accurate at
discriminating the /-r/ contrast, with a mean discrimination accuracy between 86.7% and 94.4%
across proficiency levels in an AXB task. Even American English speakers without experience with
Spanish discriminated between these phonemes with 80.2% accuracy on average.
Given that learners’ difficulties with Spanish rhotics do not appear to be due to a problem in
perception, previous researchers have cited a difficulty in articulation as an explanation for learners’
failure to distinguish these phonemes in production (Face, 2006; Rose, 2010b). The tap in Spanish “is
produced with a single rapid contact of the tip of the tongue against the alveolar ridge,” while the
Spanish trill “is produced with several such rapid contacts, generally two or three” (Hualde, 2005, p.
181). Although the tongue tip strikes the alveolar ridge in the production of both the tap and the trill,
the articulatory gestures required to realize these two segments are quite distinct. The trill is a more
complex segment which requires precise control over the positioning of the articulators and the amount
of air flow (Solé, 2002). It is among the last segments acquired by native speakers (Jiménez, 1987),
and its complexity has led to substantial dialectal variation in its production since even a small change
in any of the articulatory gestures of the trill greatly alters the sound produced (Widdison, 1998).
Therefore, an inability to reproduce the articulation of the trill could explain the lack of distinction
between the tap and the trill in production by many L2 learners. This is substantiated by the type of
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There is some debate as to whether Spanish has two rhotic phonemes or a single rhotic phoneme that is
underlyingly geminate for trills in intervocalic position (see Hualde, 2004). Regardless of the analysis, learners
must still learn to differentiate the tap and trill in intervocalic position in their lexical representations.
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errors that L2 speakers make: at advanced levels learners often use the tap, which is easier to
articulate, in the trill environment (Face, 2006; Rose, 2010b).
Other evidence, however, suggests that difficulty articulating the trill may not entirely explain
learners’ patterns of production. Even when articulation does not play a role, learners often confuse the
two Spanish rhotics. In written production, one of the authors who teaches Spanish has repeatedly seen
spelling mistakes in which the wrong rhotic is indicated, such as perro /pero/ ‘dog’ for pero /peo/
‘but’ or caro /kao/ ‘expensive’ for carro /karo/ ‘car.’ Even though such anecdotal evidence is not
sufficient, similar findings were observed in Rose’s (2010b) study on the production of intervocalic tap
and trill: twelve out of 21 learners did not differentiate the tap and trill environments in any way,
despite /r/ having other acceptable variants that do not require the complex articulatory gestures of an
alveolar trill. For example, besides the voiced alveolar trill with two or more occlusions, native
speakers in Rose’s study exhibited productions such as a tap followed by frication or an assibilated
variant. Even supposing that learners could not produce such variants, a longer duration for a tap used
in the trill environment would also be a possible production that is characteristic of L1 Spanish
speakers (Henriksen & Willis, 2010). Rose (2010b), however, found no evidence for the use of
duration by learners to distinguish the two phonemes. These twelve learners did not differentiate
between the tap and trill in a nonnative-like way either, e.g. an approximant in the tap environment and
a tap in the trill environment, as did several of the other participants. In sum, while it is possible that
spelling errors appear because many learners have not mastered the orthographic conventions of
Spanish, the fact that more than half of the L2 speakers who participated in Rose’s study did not
differentiate at all between the tap and trill environments in production suggests that the inability to
coordinate the gestures for the trill is not the only contributing factor to this neutralization. The lack of
differentiation in production may reflect inaccuracies at a deeper level, in the long-term phonological
representations of lexical items.
L2 learners have been shown to not accurately encode new contrasts in lexical representations
(Darcy et al., 2012; Dupoux, Sebastián-Gallés, Navarrete, & Peperkamp, 2008; Ota, Hartsuiker, &
Haywood, 2009; Pallier, Colomé, & Sebastián-Gallés, 2001; Sebastián-Gallés, Rodríguez-Fornells, de
Diego-Balaguer, & Díaz, 2006). Darcy et al. (2012) found that although intermediate learners of
French could accurately discriminate the /y-u/ contrast, they exhibited positive priming for /y-u/
minimal pairs in a lexical decision task with repetition priming. These results suggest that /y-u/
minimal pairs were encoded as homophones in these learners’ L2 lexical representations, despite their
ability to discriminate the /y-u/ contrast. Similarly, in Dupoux et al.’s (2008) study on the encoding of
stress by French learners of Spanish, learners were unable to contrastively encode stress in long-term
representations of words, even though an earlier study found that they could perceive stress differences
in an AX discrimination task (Dupoux, Pallier, Sebastián, & Mehler, 1997). These studies provide
evidence that a high degree of precision in discrimination of a contrast does not guarantee that learners
will fully encode this contrast in their lexical representations (Hayes-Harb & Masuda, 2008). HayesHarb & Masuda (2008) argued that L2 learners may initially only be able to use features that are
specified in their L1 in the encoding of L2 lexical representations. This possibility would be consistent
with the results of Darcy et al. (2012) and Dupoux et al. (1997), since [round] is not used to contrast
front vowels in English and stress is not used contrastively in French. Therefore, the unexpected
difference between L2 Spanish learners’ high accuracy in the perception of the /-r/ contrast and their
lack of differentiation of these phonemes in production may be attributed to problems at the level of
lexical encoding. It is possible that since this rhotic distinction is not used in English, L1 English L2
Spanish learners have difficulty maintaining the distinction in long-term memory for the phonological
representations of words, independent of their ability to perceive phonetic differences between the tap
and trill.
A further complication to the acquisition of the tap and trill by English-speaking learners is the
presence of a flap allophone of /t/ and /d/ in the L1. In American English, the phonemes /t/ or /d/
become an alveolar flap when they occur intervocalically after a stressed syllable and before an
unstressed syllable. Although they are not articulatorily identical, the English flap and the Spanish tap
are very similar (Hualde, 2005), which would explain why 30.4% of the tokens of Spanish // were
assimilated to the English /d/ in crosslinguistic perceptual assimilation data (Rose, 2010a). Unlike the
tap and trill, which were both most often mapped onto the same L1 category //, the L1 categories most
often identified with the tap and /d/ differed. The Spanish // was identified with English // at a rate of
57.7%, and Spanish /d/, which is realized as an approximant [ð] intervocalically as well as in other
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contexts (Hualde, 2005), was identified with English /l/ at a rate of 54.2%. While this crosslinguistic
mapping data might suggest that discrimination of /-d/ would be more accurate than that of /-r/, Rose
(2010a) found that discrimination by learners of the Spanish contrast /-d/ was on average between
62.9% and 82.5%, lower than that of /-r/ (86.7%-94.4%). It is unclear what drove the difference in
discrimination accuracy, but orthographic factors or the fact that the tap is an L1 allophonic variant of
/d/ might have interfered with discrimination, if the tap was perceived as a realization of English /d/.
If discrimination ability directly predicts how words will be encoded in the L2 lexicon, then
minimal pairs containing /r/ and //, such as carro /karo/ ‘car’ and caro /kao/ ‘expensive,’ would be
more likely to be differentiated in lexical representations than minimal pairs containing // and /d/,
such as miro /mio/ ‘I look’ and mido /mido/ ‘I measure,’ since discrimination of /r/ and // has been
shown to be more accurate than that of // and /d/. However, if discrimination ability is independent of
lexical encoding ability, then specific predictions are more difficult to generate. The tap and trill may
be less likely to be differentiated in L2 representations than the tap and /d/, given that /-r/ has a lower
functional load than /-d/ in the Spanish language. In addition, the tap and trill are written with r and
rr, respectively, in Spanish orthography, which both represent // in English orthography, and previous
research has shown that orthography can affect lexical representations (e.g., Hayes-Harb, Nicol, &
Barker, 2010).

2. Research Questions and Predictions
The present study aims to examine the nature of L2 Spanish learners’ lexical representations of
words containing //, /r/, and /d/ in intervocalic position through a lexical decision task in order to
determine if the contrast between the two rhotics and the contrasts between the rhotics and /d/ have
been clearly encoded. We also hope to determine if discrimination ability is dissociated from this
lexical level by examining learners’ ability to discriminate //, /r/, and /d/ in an ABX task. We consider
the two following research questions:
a. Is the /-r/ contrast in intervocalic position encoded in the lexical representations of L2 learners of
Spanish?
b. Does accuracy in discrimination directly predict accuracy in lexical encoding?
We expect that learners will be able to discriminate between the tap and the trill as Rose (2010a)
found in her study. We also hypothesize that the tap and trill are not differentiated in the lexical
representations of L2 learners, based on orthographic evidence and the results of Rose (2010b) as
previously discussed. If learners can discriminate but not accurately encode the /-r/ contrast, then the
ability to discriminate a contrast does not necessarily entail that it is encoded accurately in the mental
lexicon, and therefore we predict that the accuracy order of the lexical encoding of /-r/, /-d/, and /r-d/
will differ from the accuracy order in the discrimination of these contrasts.

3. Method
Two main tasks were administered in this experiment: a lexical decision task, to investigate the
lexical encoding of words containing //, /r/, or /d/, and an ABX task, to test participants’ ability to
categorically discriminate between these phonemes. A background questionnaire was given at the
beginning of the experiment that elicited information about participants’ Spanish language experience,
as well as information such as age, sex, other languages spoken, etc. Participants then completed the
lexical decision task, followed by the ABX task. After finishing the two parts of the experiment, a
word familiarity questionnaire was administered that asked participants to rate their familiarity with
the words in the lexical decision task.
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3.1. ABX Task
ABX tasks and their variants have been used extensively in order to examine the perception of
sounds in an second language (e.g., Darcy et al., 2012; Gottfried, 1984; Højen & Flege, 2006; Levy &
Strange, 2008; Polka, 1995). In this task, participants heard three stimuli in succession and then had to
decide if the last token (X) was more similar to the first token (A) or to the second token (B). Target
words were embedded within the sentential context ‘Le digo _______ al profe’ (I say _______ to the
professor) in order to increase cognitive load and be more representative of real-world speech
processing, given that speakers rarely hear a series of isolated words (Levy & Strange, 2008). This task
type, combined with the high phonetic variety achieved by using different voices and different tokens
of each nonce word, ensured that participants could not rely on irrelevant acoustic details to
discriminate the stimuli but instead had to process the tokens at the phonological level to categorize
them. An example trial is as follows: participants heard the sequence Le digo /nae/ al profe; Le digo
/nare/ al profe; Le digo /nae/ al profe, and if they accurately distinguished the tap from the trill, they
chose A as the correct answer.
Three native Spanish speakers were recorded for this task, one man and two women; the male
speaker was from Costa Rica, one of the female speakers was from Puerto Rico, and the second female
speaker was a simultaneous English-Spanish bilingual from the U.S. who spoke Mexican Spanish. The
stimuli they recorded consisted of disyllabic nonce words. Nonce words were utilized in order to
eliminate any effects of word frequency or differences in lexical knowledge between participants.
Stimuli were divided into three test conditions (/-r/; /-d/; /r-d/), a control condition (/p/-/f/), and
2
fillers, which are subsequently described in detail below.
1.

Test Condition: 5 minimal pairs with /-r/ in intervocalic position
e.g. /nea/; /nera/

2.

Test Condition: 5 minimal pairs with /-d/ in intervocalic position
e.g. /fae/; /fade/

3.

Test Condition: 5 minimal pairs with /r-d/ in intervocalic position
e.g. /era/; /eda/

4.

Control Condition: 5 minimal pairs with /f/-/p/ in intervocalic position, a contrast which also
exists in English
e.g. /bifa/; /bipa/

5.

Fillers: 4 minimal pairs, two with a consonant contrast and two with a vowel contrast in
various positions
e.g. /tume/; /dume/

Each of these contrasts was repeated four times, in the sequences AAB, ABA, BAA, and BAB.
This yielded a total of 60 test trials, 20 control trials, and 16 filler trials. Nine practice trials with
feedback were given at the beginning of the experiment to familiarize participants with the task. None
of the practice trials contained the test or control contrasts. In each trial, the first two tokens (A & B)
were spoken in the female voices while the last token (X) was spoken in the male voice. These trials
were randomized and presented on a PC through headphones with an ISI of 500 milliseconds. The
ABX task was administered with the presentation software DMDX (Forster & Forster, 2003).

2

All except for three of the 60 realizations of /r/ were realized as a voiced alveolar trill with 2-4 occlusions. Of the
remaining three tokens of /r/, all were native speaker variants of the trill phoneme: one was realized as tap
followed by frication, one was realized as an assibilated variant, and one, in the /r-d/ condition, was realized as a
tap.
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3.2. Lexical Decision Task
An auditory lexical decision task, adapted from the methodology of Dupoux, Sebastián-Gallés,
Navarrete, & Peperkamp (2008), was used to examine the nature of participants’ lexical
representations of Spanish words. In this task, participants listened to stimuli and had to decide
whether each token was a real word or a fake word of Spanish. For example, when learners heard
quiero / o/ “I want” they were expected to indicate that this was a word, while when they heard
*quierro /  / they were expected to indicate that this was a nonword. Learners should have
correctly rejected the nonword with the trill, *quierro /  /, since [r] is not a legitimate realization of
// in quiero / o/. The female Puerto Rican speaker and the male Costa Rican speaker who were
recorded for the ABX task were also recorded for this task. Stimuli were created by exchanging // for
3
/r/ or vice versa to create word/nonword pairs. This was also done with /-d/ and /r-d/. In order to
ensure that learners were familiar with the words in the task, an effort was made to use words that are
present in the Beginning Spanish Lexicon, a database of words from beginner Spanish textbooks
(Vitevitch, Stamer, & Kieweg, 2012). Although not all of the stimuli in the task appear in the
Beginning Spanish Lexicon, a word familiarity questionnaire revealed that participants were generally
very familiar with the words, and no participants had to be eliminated based on low word familiarity.
A detailed description of the stimuli is presented below:
1.

Test Condition: 20 minimal pairs with /-r/ in intervocalic positions
a. 10 pairs: word with //, nonword with /r/
e.g. quiero  o/ ‘I want’; *quierro  
b. 10 pairs: word with /r/, nonword with //
e.g. correcto /korekto/ ‘correct’; *corecto /koekto/

2.

Test Condition: 20 minimal pairs with /-d/ in intervocalic position
a. 10 pairs: word with //, nonword with /d/
e.g. fuera /f  ea/ ‘outside’; *fueda /f  eda/
b. 10 pairs: word with /d/, nonword with //
e.g. abogado /abogado/ ‘lawyer’; *abogaro /abogao/

3.

Test Condition: 20 minimal pairs with /r-d/ in intervocalic position
a. 10 pairs: word with /r/, nonword with /d/
e.g. ocurre /okure/ ‘it occurs’; *ocude /okude/
b. 10 pairs: word with /d/, nonword with /r/
e.g. estado /estado/ ‘state’; *estarro /estaro/

4.

Control Condition: 20 minimal pairs with /p/-/f/ in intervocalic position, a contrast which also
exists in English
a. 10 pairs: word with /f/, nonword with /p/
e.g. difícil /difisil/ ‘difficult’; *dipícil /dipisil/
b. 10 pairs: word with /p/, nonword with /f/
e.g. guapo /g  apo/ ‘handsome’; *guafo /g  afo/

5.

Fillers: 24 words and 24 unrelated nonwords
a. e.g. cabeza /kabesa/ ‘head’; *leto /leto/

Stimuli were divided into two lists, so that participants only heard either the word or the nonword
of a word/nonword pair. For example, those participants who were tested with List A heard the
stimulus quiero  o/ but not its corresponding nonword *quierro  ro/, while those participants
who were tested with List B heard *quierro  ro/ but not quiero  o/. There were 128 stimuli per
list, which were randomized, as well as 10 practice trials which consisted of 5 words and 5 unrelated
nonwords. The lexical decision task was administered on a PC through headphones with the DMDX
software (Forster & Forster, 2003).
3

All instances of the phoneme /r/ were realized as a voiced alveolar trill with 2-4 occlusions in the stimuli for this
task.
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3.3. Participants
Intermediate and advanced American English-speaking learners of Spanish were tested, along
with native Spanish speakers. Proficiency level was determined by class level. Intermediate speakers
were enrolled in a 5th semester Spanish class at a large Midwestern university, and all but two of the
learners had no study abroad experience. 4 Advanced speakers were mostly graduate students in a
Hispanic linguistics or literatures program at the same university, although a few were undergraduate
students in 300 or 400 level classes (6th semester and above). All advanced speakers but one had 3 or
more weeks of study abroad experience. Native Spanish speakers were living in the U.S. and spoke
English as a second language. Native speakers and advanced speakers were on average older than
intermediate speakers; native speakers had a mean age of 27.2 years (range 18-36), advanced speakers
a mean age of 26.3 years (range 18-40), and intermediate speakers a mean age of 18.8 years (range 1822).

4. Results
4.1. ABX Task
Data from 5 intermediate and 1 native speaker participants were eliminated based on extremely
low accuracy in the control condition, which suggests a key reversal. In total, data from 21
intermediate speakers, 20 advanced speakers, and 10 native speakers were analyzed for the ABX task.
The overall results for the test, control, and filler conditions are shown in Figure 1.
The average accuracy performance for the intermediate learners was 84% correct. For the
advanced, it was 92% correct, and native speakers obtained 95% correct. A mixed model ANOVA was
run using SPSS 20, and the alpha level of significance was set at .05 (for all analyses). Because the
distribution of accuracy means was positively skewed, we transformed the accuracy means into an
arcsine value. The model was run with the arcsine-transformed accuracy means as the dependent
variable. We report first the overall effects of group, condition, and the interactions. There was a main
effect of group (F(2, 63.7) = 12.3, p < .001), of condition (F(2, 198) = 9.7, p < .001), and a marginal
interaction (F(4, 198) = 2.1, p = .085). All three groups performed globally with high accuracy.
Considering the effect of condition within each group, accuracy on the test, control, and filler
conditions did not differ significantly for the advanced and native speakers. There was a significant
simple main effect of condition for the intermediate learners (F(2, 198) = 13.6, p < .001), due to lower
accuracy on the test condition. Additionally, the intermediate group was significantly less accurate on
the test condition than both other groups. The three groups did not differ significantly on the two other
conditions.

4

The two intermediate learners with study abroad experience both had spent 4 weeks in a Spanish-speaking
country.
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Figure 1. Mean ABX accuracy in each condition for the three participant groups. Error bars enclose +/1 SE.
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Figure 2. Mean ABX accuracy in the three test contrasts for each group. Error bars enclose +/- 1 SE.
The symbol r refers to //, and rr to /r/.
Results for the three contrasts within the test conditions, /-r/; /-d/; /r-d/, are presented in Figure 2.
A mixed model ANOVA run on the arcsine transformed mean accuracy showed a main effect of group
(F(2, 48) = 24.7, p < .001). This effect was largely due to the intermediate speakers; overall, the
advanced speakers did not differ from the native speakers (p > .6). The analysis also revealed a main
effect of contrast (F(2, 96) = 21.8, p < .001), but no significant interaction of group and contrast (F(4,
96) = .7, p > .5). Overall, /-d/ was discriminated significantly less accurately than the /-r/ and /r-d/
contrasts, which were not significantly different from each other.
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4.2. Lexical Decision Task
Data from one intermediate learner and one native speaker were excluded due to very low
accuracy in the control condition. In addition, data from two native speakers were removed because
they were early bilinguals. In total, data from 28 intermediate learners, 20 advanced learners, and 8
native speakers were analyzed. The accuracy means for each group on each condition, separated by
word and nonword, are presented in Figure 3.
test
100%

control
filler

Mean Accuracy

80%

60%

40%

20%

0%
nonword

word

Intermediates

nonword

word

Advanced

nonword

word

Native Speakers

Figure 3. Mean lexical decision accuracy in each condition as a function of lexical status for each
group. Error bars enclose +/- 1 SE.
A mixed-model ANOVA was conducted on the mean accuracy for each subject with the factors
Group, Condition (test, filler, control), and Lexical Status (word, nonword). Lexical status, condition,
and contrast (/-r/, /-d/, /r-d/) were declared as repeated effects. There was a large effect of Group
(F(2, 67.4) = 16.0, p < .001), of Condition (F(2, 489) = 33.6, p < .001), and Lexical Status (F(1, 489) =
98.2, p < .001). There were two significant interactions (Group x Lexical Status; Lexical Status x
Condition). The triple interaction between Group, Lexical Status, and Condition was marginally
significant (F(4, 489) = 2.0, p = .09). The significant interaction between Group and Lexical Status
(F(2, 489) = 6.9, p < .01) further revealed that nonwords were responded to significantly less
accurately than words by the intermediate (F(1, 489) = 85.6, p < .001) and the advanced group (F(1,
489) = 94.7, p < .001), but not by the native speakers (p > .05). The significant interaction between
Condition and Lexical Status (F(2, 489) = 33.7, p < .001) further confirmed that the difference
between conditions was only significant for the nonwords (F(2, 489) = 67.2, p < .001), but not for real
words (F < 1). Accuracy of lexical decision in L2 Spanish was especially low in the test condition,
particularly when it came to rejecting nonwords.
In order to compare the specific contrasts /-d/, /-r/, and /r-d/, we restricted the analysis to the test
condition only. The results from the three test contrasts (collapsed across words and non-words) are
illustrated in Figure 4. As is immediately visible, for both learner groups, the /-d/ contrast (white bar)
yielded slightly more accurate lexical decision responses than the /-r/ contrast (grey bar).
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Figure 4. Mean accuracy of the three groups for each contrast in the test condition. Error bars enclose
+/- 1 SE. The symbol r refers to // and rr to /r/.
A mixed model ANOVA declaring the factors Group and Contrast conducted on mean accuracy in
this condition revealed a main effect of Group (F(2, 53) = 24.2, p < .001), of Contrast (F(2, 610) =
12.8, p < .001), but no interaction between both factors (F(4, 610) = .9, p > .5). The lack of interaction
mostly indicates that the groups, in particular the two learner groups, behaved similarly in the three
conditions: learners’ accuracy was lowest on the /-r/ contrast (52% and 60% respectively),
intermediate on the /-d/ condition (63% and 72%) and highest on the /r-d/ condition (71% and 85%).
Table 1 below presents the mean accuracy for each contrast, now separated as a function of lexical
status. As shown, accuracy on nonwords for the /-r/ contrast was extremely low for both intermediate
and advanced learners, indicating a limited capacity to distinguish between words and nonwords when
the only difference was one of the two rhotics.
Table 1. Mean accuracy for each contrast as a function of lexical status in each group.
Group
Intermediate

Advanced

Native Speaker

Contrast

Nonword

Word

/-d/

.35

.92

/-r/

.23

.81

/r-d/

.61

.81

/-d/

.46

.97

/-r/

.28

.93

/r-d/

.75

.95

/-d/

.71

1.00

/-r/

.72

.96

/r-d/

.95

.90

All groups were less accurate with nonwords than with words. Notably, learners had difficulties
correctly rejecting nonwords, and did so at levels below chance. For the /-r/ contrast specifically,
Bonferroni-corrected pairwise comparisons indicate that the difference between intermediate and
advanced speakers was significant, despite approaching the .05 significance threshold (p = .044); both
learner groups also clearly differed from the native speakers (p < .001).
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5. Discussion
The results of the ABX task show that learners had the most difficulty discriminating /-d/, less
difficulty with /-r/, and minimal difficulty with the /r-d/ contrast, although all contrasts were
discriminated at above chance levels. Even in an ABX task that was made more challenging through
the use of a sentential context, three different voices, and all physically different tokens, learners were
able to discriminate these phonemes. In fact, advanced learners were not significantly different overall
from native speakers in discrimination accuracy. These data closely resemble the findings of Rose
(2010a), in which /-d/ was discriminated less accurately than /-r/. According to the Perceptual
Assimilation Model adapted to second language learning (PAM-L2) (Best & Tyler, 2007), the contrast
/-r/ represents a category goodness assimilation contrast. This is because both the tap and trill are
most often mapped onto the same L1 category //, as determined by cross-linguistic mapping data, but
the trill is a better exemplar of the American English rhotic than the tap, with a fit index rating 5 of 2.21
out of 5 vs. 1.33 out of 5, respectively (Rose, 2010a). In this situation, discrimination is predicted to be
good, and this is indeed what has been found for the /-r/ contrast.
Interestingly, the results of the lexical decision task do not mirror the results of the ABX task.
Although learners were significantly less accurate at discriminating the /-d/ contrast than the /-r/
contrast, they had the most difficulty correctly distinguishing between words and nonwords with the /r/ contrast and less difficulty with the /-d/ contrast. The PAM-L2 predicts that in the case of a
category goodness assimilation contrast, “the perceiver should be able to fairly easily recognize the
lexical-functional differences between these L2 phones in minimal lexical contrasts” (Best & Tyler,
2007, p. 27). In contrast to this prediction, learners do not appear to be differentiating between the tap
and trill in lexical representations, despite their ability to distinguish these phones. Both groups of
learners were below chance level at rejecting nonwords, which means that they were accepting
substitutions of the tap for the trill and vice versa as legitimate realizations of those phonemes. Overall,
these results support our predictions: learners have not accurately encoded the /-r/ contrast in
intervocalic position in their lexical representations, and the order of accuracy in the discrimination
task differed from lexical encoding accuracy. An ability to discriminate two L2 sounds does not
guarantee that separate phonological categories will be created for two phonemes, opposed to what has
been predicted by PAM-L2.
Given that the trill is a better exemplar of the English rhotic than the tap but both are poor
instances of that category, PAM-L2 predicts that a separate phonological and phonetic category is
likely to be created for the more deviant of the L2 phones, the tap, but the less deviant phone, the trill,
is likely to be equated phonologically to the L1 category // but with a different phonetic category. If
this were the case, then the tap and trill would have separate phonological categories, and if learners
did have separate categories, we would expect these categories to be used in the encoding of L2 lexical
items. Since the results of the lexical decision task suggest an unstable or possibly absent contrast
between // and /r/, it appears that learners have not formed clear, separate phonological categories for
these phones.
One possible explanation for the lack of differentiation is the low functional load of the /-r/
contrast in the Spanish language. In total, the tap and trill differentiate between less than 30 minimal
pairs (Willis & Bradley, 2008), and in many of these pairs one word is likely more frequent than the
other, such as the preposition para /paa/ ‘for’ which a search in a Spanish language corpus revealed to
be over 1400 times more frequent than the noun parra /para/ ‘grapevine’ (Davies, 2002). Moreover,
the tap and trill only contrast in one context, intervocalic position, while elsewhere this contrast is
neutralized. Therefore, the low functional load of the /-r/ contrast, combined with the fact that these
phonemes are contrastive in a single phonetic environment, may prevent L2 speakers of Spanish from
creating clearly distinct phonological categories for the tap and trill.
In addition, one common realization of the phoneme /r/ besides the standard voiced alveolar trill is
a voiced alveolar tap (Hammond, 2006). Although researchers have found that duration tends to
distinguish a tap used in the phonological trill context and a tap used in the phonological tap context
(Henriksen & Willis, 2010), this feature may not be salient for L2 learners. If learners were accepting a
tap in the lexical decision stimuli as a legitimate realization of the trill phoneme, for example *corecto
/koekto/ as a possible realization of correcto /korekto/, this could help explain why their accuracy for
5
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nonwords with // was very low (29% for intermediate and 20% for advanced). Nevertheless, this does
not explain why their accuracy for nonwords with /r/ was also quite low (16% for intermediate and
36% for advanced), and was in fact lower than the accuracy for // nonwords for the intermediate
learners. A voiced alveolar trill is not a variant of the tap phoneme, so variation in native speaker
production is not a viable explanation for learners’ low accuracy on /r/ nonwords. The existence of a
tap as a possible realization of the trill phoneme may be contributing to the results of the learners, in
particular for the advanced learners who had a harder time rejecting nonwords with // than with /r/,
but phonetic variability alone is insufficient as an explanation for the learners’ behavior.
In terms of the native speakers’ results, the inherent variability in the pronunciation of the trill, as
well as the low functional load of the /-r/ contrast may explain why native speakers were also less
accurate on this specific contrast, and tended to accept nonwords containing a rhotic as being real
words on average in 29% of the cases (average accuracy on this contrast for nonwords was 71%).
Overall, our results show that an inability to correctly articulate the voiced alveolar trill is not the
sole explanation for the lack of differentiation between the tap and trill that previous studies have
found in many L2 Spanish learners’ production. This neutralization also originates in the way in which
words are encoded in the L2 lexicon, which is not wholly determined by perceptual discrimination
ability. L2 Spanish learners appear to have an unstable, or even absent, contrast between the tap and
trill in their lexical representations, despite their high accuracy in discrimination.

6. Conclusion
The difference between the results from the ABX task and the lexical decision task suggests that
discrimination ability does not directly predict how sounds will be encoded in mental representations
of words (see also Darcy et al., 2012). Although learners could discriminate /-r/, this contrast was not
clearly differentiated in lexical representations, even by advanced speakers who were mostly graduate
students with study abroad experience. These advanced learners had a similar accuracy in the lexical
decision task as intermediate speakers, despite not being significantly different from native speakers in
the ABX task. These results speak to the importance of investigating L2 lexical encoding, since the
ability to discriminate two L2 sounds may be necessary, but not sufficient, for the creation of welldifferentiated L2 phonological categories in lexical representations, a possibility which is not
addressed by current models of L2 phonological acquisition such as PAM-L2. When only a
discrimination task is used to investigate a contrast, the possibility that separate phonological
categories have not actually been formed is left unresolved. Future studies should employ additional
methods, such as identification tasks or tasks that incorporate priming, in order to obtain a more
complete picture of learners’ abilities to distinguish novel L2 phones and recognize and encode L2
words. Additional investigations on the Spanish rhotics could examine phonological representations of
minimal pairs, in order to see if there is any difference in the representations of words that have a
phonological neighbor that differs only in the presence of the other rhotic and words that do not have
said phonological neighbor. By more closely studying the nature of L2 lexical representations, future
research can tell us more about how new phonological categories are formed and how precisely
different phonemes are encoded in the mental lexicon.
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