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ABSTRACT 
 
The Spanish voiced alveolar multiple vibrant consonant /r/, or trill, is often regarded as 

one of the most difficult sounds in the Spanish phonological inventory for second 

language (L2) learners.  Trills are particularly difficult segments because of their exacting 

articulatory requirements for production.  The highly restricted gestural and aerodynamic 

configuration required to successfully produce trills could lead to non-native trills 

automatically being native-like once acquired by learners, unlike other segments which 

generally show measurably gradient approximation of native values over time.  This 

study employed two experiments to investigate the characteristics of L2 acquisition of 

Spanish /r/ by adult native speakers of English.  The first experiment broadly surveyed 

the frequency of trill production at four levels of proficiency and among a comparison 

group of native speakers of Mexican Spanish when trills were the target segments in 

words.  This experiment was designed to show the rate of trill frequency at different 

learner-levels and to compare it with the rate at which native speakers produce trills.  A 

pattern of increasing ability to produce trills as proficiency level increased was found, as 

was a pattern of substitution of the alveolar tap /R/ as an intermediate strategy among 

learners who had ceased to transfer American English /®/ but who had not yet acquired 

the ability to produce trills consistently.  The second experiment investigated the 

aerodynamic properties of successfully produced trills to see if the trills of learners who 

had acquired the ability to produce trills displayed different physical properties from 

native speakers’ trills.  Patterns of both “categorical” and “gradient” acquisition were 

found.  On the several measures studied, non-native trills showed patterns of acquisition 
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in which their trills either were immediately native-like, acquired with non-native-like 

properties which fossilized with no further improvement, or showed gradient 

improvement in the direction of nativeness as proficiency level increased. 
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1.0. INTRODUCTION AND MOTIVATION FOR THE PRESENT STUDY 

Multiple vibrant consonants, also known as trills , are phonologically and phonetically 

curious yet somewhat understudied sounds in phonological theory, experimental 

phonetics and in second language (L2) acquisition.  This dissertation seeks to identify 

patterns in the second language acquisition of the Spanish alveolar trill, as it is acquired 

by adult native speakers of English learning Spanish.  Specifically, this research aims to 

describe the acoustic and aerodynamic characteristics present in the trill production of 

learners at four different levels of proficiency, in order to determine the ways in which 

they might vary from a measured native norm as proficiency increases.  The results of 

such a study contribute to our knowledge of how learners of an L2 sound system struggle 

with and possibly ultimately gain native-like, language-specific control over the physical 

mechanisms utilized in producing speech in the L2, if they do.   

Following the introductory comments of this subsection, this chapter briefly 

discusses the place of trills within the class of rhotic consonants, followed by a review of 

the physical characteristics of trills and the articulatory requirements for producing them.  

Following that, research specifically on Spanish trills is considered and relevant literature 

on L2 sound system acquisition and on L2 Spanish is reviewed.  Then the research 

questions of the project are discussed and general predictions for the study are made.  

While a great deal of attention has been devoted to second language sound 

systems, the second language acquisition of trills has received relatively little attention, 

and none with respect to non-native control over the aerodynamics involved in trill 

production, which is a gap the present project seeks to fill. This study also sheds light on 
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the acoustic characteristics of an L2 phonetic system as the learner progresses through 

ever higher levels of proficiency. 

To the ear of the second language learner, or even to someone unfamiliar with a 

language containing these sounds, trills are often a noticeably peculiar sound.  To native 

speakers of American English, the trill, or rolled r, as it is sometimes informally known, 

is an emblematic characteristic of Spanish, and is one of the sounds more commonly 

pointed out and imitated by English speakers who lack any appreciable communicative 

competence in Spanish but who have nevertheless gained some degree of informal 

passive exposure to the language in its context as a minority language in the United 

States.  For learners who are native speakers of North American English, it is among the 

most difficult sounds to master (Canfield 1940; although see Wright (1937) for the 

opinion that the simple vibrant, or tap, is the most difficult sound to master in Spanish). 

As will be explained in detail in Section 1.1, trills require a highly precise 

articulator configuration coupled with a proper amount of intraoral pressure behind the 

tongue and exhalatory airflow in order to be realized as trills. Absent this precise 

combination of physical conditions necessary for trill production, a trill cannot be 

produced, as was shown in Solé, Ohala and Ying’s (1998) experiments on oropharyngeal 

air pressure in trill production, in which pressure was bled from a catheter inserted into a 

subject’s vocal tract via the nasal passage, rendering trill production impossible.  At a 

given point enough pressure was bled such that trilling was impossible and a different 

kind of segment resulted.  Trill failure occurred because the bleeding of pressure in the 

vocal cavity behind the alveolar constriction impeded the buildup of the amount of 
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pressure necessary in order to set the Bernoulli effect in motion, which creates the 

sustained vibratory movement that results from such precise physical requirements being 

met at once and maintained in the proper configuration.   

The fact that trills require a high degree of articulatory and aerodynamic precision 

makes them an interesting object of study in the context of second language acquisition.  

That trills are so complex in comparison to other sounds, and as is explained in Section 

1.1 that they are an unforgiving sound in the sense that very light variations in 

aerodynamics or articulatory gesture can result in trill failure, leaving the /r/ phoneme to 

surface as a different kind of segment.  Thus, a logical step is to ask what patterns arise in 

the trills of non-native speakers who learned Spanish post-puberty. 

There exists relatively little research into L2 acquisition of the Spanish multiple 

vibrant, and none that addresses the role of aerodynamic factors in L2 acquisition of trills.  

The general paucity of studies on L2 trills may be due to a variety of reasons.  The first 

reason may be that unlike sounds distinguished by VOT, native trill phonemes are not 

distinguished from one another on a time continuum measuring the length of articulator 

contact or closure, limiting the dimensions on which to study L2 trills.  Another reason 

could be that trills do not lend themselves as well as vowels and stop consonants to the 

sort of perception and production studies that identify perceptual boundaries.  While 

VOTs in one language may be longer than in those of another, and within languages stop 

consonants can contrast based on VOT difference, trills do not behave this way.  It is not 

common for languages to possess minimal pairs contrasting alveolar, tongue-tip trill 

phonemes of more than one alveolar contact each (see Inouye (1995) for a possible 
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exception), which would likely be the only way separate trill phonemes could be 

distinguishable from each other on a time scale. 

 This chapter will first summarize previous work done on trills, both in Spanish 

and in other languages.  A fundamental part of this literature concerns the aerodynamic 

properties of trills, which forms the basis of this study.  It will then summarize relevant 

work on second language acquisition before turning to predictions for the two 

experiments conducted. 

 

1.1. Trills and their place in the class of rhotic consonants 

Although the present study concerns phonetic realization of the /r/ phoneme, some 

background in the treatment of trills in phonological description is in order.   

Phonologically, debate exists as to whether trills should or should not properly be 

considered rhotics at all, even though that is what they are generally called (Ladefoged 

and Maddieson 1997, Ladefoged 1971, Bhat 1974), possibly for lack of a more well-

defined categorization.  This could also be due to the fact that there is no firm agreement 

on just what characteristic the sounds we call rhotics have in common.  In a cross-

linguistic study of trills, Lindau (1978) suggested that rhotics in general are characterized 

by a low F3, which is a well-known characteristic of the American English retroflex 

approximant /®/.  Spectral data in Fant (1970) show a lowered F3 in a Russian trill as 

well, to approximately 2000 Hz.  The Russian trill shown in Kavitskaya (1997) also 

appears to have a slightly lower F3 than the trill described in Fant’s data.  The Russian 

trills in these two studies have a lowered F3, but without the drastic drop in F3 in 
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transitioning from the preceding vowel that is characteristic of American /®/. Still, a low 

F3 is not a universal characteristic of all rhotics.  Ladefoged and Maddieson (1996) report 

that several rhotics have high F3 values, such as the trilled fricative of Czech, a retroflex 

approximant rhotic in Hausa, and various kinds of uvular trills in other languages.  

Lindau (1985) attempted to create a “family relation” among rhotics, connecting rhotics 

to one another by the features that separated them from one another.  For example, trills 

and taps had closure duration and spectral energy distribution in common with each 

other, while voiced trills had these features plus a pulse pattern, which it shared with 

uvular trills and voiceless alveolar trills, but not with taps.  In Lindau’s model no rhotic is 

separated by more than one other rhotic based on these featural connections.  Magnuson 

(2007) attempts to tighten up this family relation through a “dual vocal tract” model in 

which he adds laryngeo-pharyngeal features to those involving the oral vocal tract.  

Rhotics can thus be linked by features associated with laryngeal/pharyngeal activity.  

Despite these detailed phonetic distinctions, it still remains uncertain exactly where trills 

fit into a phonological description of consonant inventories.   

The relative difficulty of trill production in general is due to the fact that trills are 

the product of a highly restricted set of physical conditions which must obtain in order to 

successfully produce a trill (Ladefoged and Maddieson 1997, Solé 1999).  When these 

conditions obtain, the production of a trill is likely inevitable.  The first movement in 

alveolingual trill production is voluntary and entirely muscular in nature, as the tongue tip 

is raised toward the alveolar ridge.  After the initial voluntary movement of placing the 

tongue appropriately for the trill, the Bernoulli effect comes into play in sustaining the 
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trill.  This refers to the presence of low pressure where there is higher fluid flow (in this 

case air) and higher pressure where flow is slower.  In trilling pressure builds in the low-

flow region behind the tongue when it is in contact with the alveolar region.  The 

pressure buildup created by tongue contact forces the tongue to separate from the alveolar 

ridge as air flows out at high speed.  This results in a drop in pressure and creates a 

vacuum which the tongue is drawn back up to occupy once again, rising to make new 

contact with the alveolar ridge and beginning the cycle again (Martínez-Celdrán 1997).  

Ladefoged and Maddieson (1996) compare the action of a trill to that of vocal fold 

vibration, pointing out that once the trill has been set in motion, it is not voluntary 

muscular movement that sustains it but rather an adequate amount of airflow being forced 

through the properly sized aperture.  Thus, a large portion of the production of a trill 

involves the airflow mechanism, a mechanism over which speakers have relatively little 

precise control.  This appears to be especially true for second language learners whose 

native language does not have trills.  The articulatory and acoustic qualities of the trill 

make it a unique type of segment that has perplexed second language learners but which 

has not been studied in depth in the context of second language acquisition.   

As described above, a given physical condition or set of conditions is an 

obligatory prerequisite for the production of trills, which will inevitably be produced 

when such conditions obtain.  This fact appears to invite the assumption that trills will be 

largely uniform in their acoustic characteristics, permitting extremely little or no 

variability in these characteristics (Solé 1999), and certainly no variability of the sort seen 

in segments like stop consonants.  For example, the presence of a certain measure of air 
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flow and oropharyngeal air pressure combined with the apico-alveolar placement of the 

tongue and the muscular tensing of the tongue at a particular point along its length will 

necessarily result in the production of a trill.  Consequently, it is possible that once an L2 

learner is able to produce trills, they will necessarily be native-like because trill 

production is as so highly constrained, allowing little or no room for appreciable 

differences in its physical characteristics.  On the other hand, stops can be described as 

being acquired in an apparently gradient fashion in L2, with non-native VOT and closure 

duration values moving closer to native values as experience increases (Flege 1995).  

Non-native stop production is thus not characterized by the failure to produce a stop, but 

by some other feature that is more obviously measurable on a gradient scale.  

Nevertheless, it is possible that differences, albeit slight, perhaps even imperceptible 

ones, do indeed exist in the acoustic characteristics of native speakers’ and adult L2 

learners’ trills which are due to differences in the L2 learner’s ability to manipulate the 

several physical conditions necessary for the trill.  The measurable effect of these 

differences is that while trill production in the L2 learner is possible and may even be 

consistent, the acoustic and articulatory characteristics of L2 trills of even advanced 

learners will differ systematically from those of the native speaker.   

 

1.2. Acoustics of target sounds 

1.2.1. Research on the acoustic and aerodynamic characteristics of trills 

There are several descriptions of the general articulatory characteristics of native alveolar 

trills, but rather fewer detailed acoustic descriptions.  Ladefoged (1971) describes the trill 
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as being produced with the tongue “loosely held near some part of the roof of the mouth 

and set in vibration by the action of the airstream in much the same way as the vocal 

cords are set in motion during the production of voice.”  He claims that “in a typical 

speech sound produced this way there may be about three vibratory movements.”  He 

also highlights the difference between trills and taps, pointing out that taps involve “a 

single contraction of muscles such that one articulator is thrown against another.”   This 

section summarizes the different kinds of work that has been done on the physical 

properties of trills. 

 
1.2.1.1. Duration of trills and of their individual occlusions 
 
Past literature gives a variety of measurements of the length of trills or the individual 

contacts, or taps, which constitute trills.  A number of studies arrived at varying 

measurements, and it is not made clear in many of these studies what the authors’ criteria 

for measurement were.   

While trill duration is not the basis for phonemic contrast in Spanish, many 

authors have recorded segment length for trills as part of their descriptive work on 

Spanish phonetics.  In an early acoustic study, Navarro Tomás (1918) presents 

representations of trills recorded on a kymograph, a recording device used for medical 

and other scientific applications, including phonetics, in the late 19th and early 20th 

centuries.  He finds that “the measurements obtained oscillate between 72 and 152ms, 

corresponding to two or four vibrations, respectively” (my translation).  Navarro Tomás 

(1918) discusses only trills in unstressed syllables, claiming implicitly that trills occurring 

two syllables before the stressed syllable, as in herramienta, “tool,” were 50% shorter 
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than those occurring in the syllable following the stressed syllable, as in carro “car.”  

Quilis (1981, 1993) presents spectrograms showing the openings and closures of trills, 

and claims that the average duration of trills is 85.1ms, with trills in unstressed syllables 

averaging 87.7ms and trills in stressed syllables averaging 82.5ms.  The trills shown in 

Quilis (1981) appear to be three two-tap trills and one three-tap trill.  Quilis (1981) and 

Martínez-Celdrán (1998) offer spectrographic displays of Castilian Spanish trills and 

taps, in which the series of brief occlusions and openings are clearly seen.  Martínez-

Celdrán (1998) reports that, “In the spectrograms we present, the occlusions last 

approximately 25ms” (my translation).  However, it is ambiguous whether he is referring 

to occlusions in the tap /R/or the trill /r/. In his spectrograms, the duration of the occlusion 

in the tap appears slightly longer than those of the trill, but exact measurements are not 

given for each sample segment.  The trill shown is a three-tap trill.  Neither Quilis nor 

Martínez-Celdrán gives criteria for measurement of segment duration. The occlusions in 

Martínez-Celdrán’s research, assuming they are for trills and not taps, differ in duration 

from those found by Navarro Tomás (1918), who arrived at an average of 35ms.  

Recasens (1991) noted that in Catalan trills the occlusion of the tap lasted 20-30ms, while 

the occlusions of the trill lasted 15-20ms with gaps of approximately 30ms between each 

contact of the tongue tip with the alveolar/palato-alveolar region.  Quilis (1981) also 

reported occlusions of 15ms on average, with closures lasting slightly longer in 

unstressed syllables: 14.7ms in stressed syllables, and 15.5 in unstressed syllables.  

Studying his own lingual trills, Barry (1997) measured his trills in Hertz, producing 

intervocalic trills varying between 20-22 Hz and other trills at between 24-32 Hz.  He 
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does not specify the phonetic environment in which these latter trills were pronounced.     

Blecua (2002) found closure duration to be longer in taps than in trills, and that the open 

period was shorter as number of contacts increased.  She found no significant difference 

in duration of the closed period according to number of contacts.  Solé (2002) found that 

the ratio open to closed phase of trills was different according to voicing.  The closed 

phase was shorter in voiceless trills than for voiced ones, but the open phases were 

statistically the same.  Thus, the rate of vibration in voiceless trills was greater than that 

of voiced trills.   

 In their study of Spanish vibrants’ coarticulatory effects on neighboring vowels, 

Recasens and Pallarès (1999) report a mean trill duration of 71.6ms and 84ms for 

intervocalic trills when /r/ was flanked by /a/, and 39.6ms when flanked by /i/ in /ara/ and 

/iri/ sequences, respectively.  They compared this to their data on the single alveolar 

vibrant /R/, and found a mean apicoalveolar contact duration of 18.4ms for intervocalic 

taps in the /aRa/ and /iRi/ contexts, respectively.  

 

1.2.1.2. Number of occlusions per trill 

Regarding the number of occlusions per trill, Quilis (1993) says the Spanish trill has a 

minimum of two occlusions, and Quilis (1981) reports that the average number of 

occlusions in a trill is three.  Interestingly, Hammond (2001) describes the Spanish trill as 

consisting of a minimum of three alveolar contacts, going so far as to claim that “a non-

lateral liquid vibrant that consists of two contacts is not a standard Spanish sound.”  

Hammond does not make clear his source or his criteria for making this claim, however.  
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Solé (2002) reports that the trills in her study tended to have a minimum of four contacts, 

and sometimes as many as six.  This could be due to hyperarticulation, as the trills were 

pronounced in isolation, or in one of two intervocalic conditions, but not in words. 

Spajić, Ladefoged and Bhaskararao (1996) identified three different trills in Toda, 

a Dravidian language.  Toda has three contrasting trills, at dental, alveolar and retroflex 

points of articulation.  They claim the dental trill most often has just one tap, while the 

other two can have up to four or five, although their table shows that these trills tend to 

have two or three taps, and they find greater variability in the number of contacts in 

alveolar trills than in retroflex trills: the Toda retroflex trills typically presented two to 

three contacts, while the alveolar trills had one contact in nearly half of the tokens 

recorded.  Although most of the dental trills have just one tap, the authors claim that this 

is merely an allophonic reflex, and that the underlying segment is a trill. They count the 

single tap reflex as a trill because they claim that unlike a tap, it is aerodynamically 

initiated, not through muscle function.  However, it is not clear what their criteria are for 

doing so.  However, they do admit the possibility that this segment is in fact a tap.  The 

authors classify segments as trills if there is more than one light-colored vertical bar 

corresponding to the realization of the phoneme /r/ in their spectrograms.  Alternating 

light and dark vertical spectrographic bars indicate periods of aperture and closure, 

corresponding to when the tongue is in contact with the alveolar region and is damping 

the amplitude of the signal, as can be seen in the waveform and spectrograms in Figures 

2.1-2.4. When the tongue is close to or in contact with the alveolar ridge, the horizontal 

bars indicating fundamental frequency and formants are considerably lighter than when 
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the tongue is away from the alveolar ridge allowing a signal of higher amplitude to 

escape.  During this part of the trill the vertical spectrographic information is dark and 

formant values and vowel transitions are more readily visible. They also show that the 

contacts of these rhotics occurred 15ms apart, meaning they could not simply be a 

geminate tap, as taps take approximately 25ms.   

Inouye (1995) suggests Finnish contrasts longer trills with short ones, but with the 

short trills containing a minimum of two taps, and the long ones containing 6-8, with 

duration thus corresponding to number of taps and not necessarily measured in 

milliseconds.  Raymond and Parker (2005) distinguish singleton and geminate trills in 

Arop Lokep, an Austronesian language of Papua New Guinea, and find that initial trills 

had a larger mean number of contacts than medial ones.  They find that singleton trills 

had an average of 1.89 contacts intervocalically and 2.95 word-initially, while geminate 

trills averaged 3.43 contacts intervocalically and 5.00 contacts in word-initial position. 

Perhaps the closest trills otherwise come to a duration-based contrast is in distinguishing 

themselves from simple tap consonants, which involve just one instance of contact 

between the tongue and a point of contact in the mouth, whereas trills involve two or 

more strikes of the tongue against the surface.  Thus, rather than identify the trill or the 

tap according to its length in milliseconds, trills may perhaps be more easily identified 

according to the number of times the tongue enters into contact with the alveolar ridge, 

assuming a binary phonological contrast of [R] = 1 tap ~ [r] = >1 tap.  Additionally, while 

VOT in L2 learners can be measured and seen as growing more native-like over time as it 

increasingly approximates average native values in milliseconds, trills are largely viewed 
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as sounds that one either is able to pronounce or is not, with little or no variation in the 

sound as it approaches nativeness in its acoustic characteristics.   

 

1.2.1.3. Aerodynamic characteristics of trills 

Trills are highly dependent on precise measures of oropharyngeal pressure, airflow, 

tongue mass, stiffness and shape, and are very sensitive to alterations in their articulatory 

and aerodynamic configurations (Barry 1997, Solé 2002).  Solé (2001) found that voiced 

trills are more sensitive in this regard but notes a universal preference for voiced alveolar 

trills, owing to their high degree of perceptual salience in comparison to voiceless 

alveolar trills.  This preference comes in spite of the fact that voiced trills are more 

difficult to produce and sustain than voiceless trills.  They also have stricter requirements 

for intraoral pressure, which is lower than that of voiceless trills, and smaller pressure 

variations can result in trill failure than in voiceless trills.  Additionally, voiced trills are 

articulated with less airflow than voiceless trills, because vocal fold vibration reduces the 

amount of air flowing into the oral cavity (Solé 2002).  She also points out that voiced 

trills and fricatives have similar pressure requirements, with voiced trills requiring 

slightly lower pressure than fricatives, and that voiceless trills share a number of acoustic 

features with fricatives, most notably aperiodic noise and lower salience.  Also, because 

of the complexity of the segment, attempts at trilling often fail, leading to one of several 

substitute outcomes, including spirantization.  Another difference between voiced and 

voiceless trills pointed out by Solé is that voiceless trills tend to be longer than voiced 

ones. 
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Focusing on the articulatory and aerodynamic characteristics of trill production, 

Martínez-Celdrán and Rallo (1995) and Martínez-Celdrán (1997) describe the trill as a 

largely involuntary movement once the tongue has been placed into proper position at the 

alveolar ridge at the beginning of articulation.  Martínez-Celdrán (1997) points out that 

the trill depends on the Bernoulli effect to sustain vibratory movement, the result of 

which is an involuntary movement of the tongue, as the repetitive vibration of the tongue 

during a trill is the result of initial placement of the tongue in combination with the 

aerodynamic forces it is subjected to.  This is in contrast with the entirely voluntary 

movement associated with production of the tap (Sec. 1.2.1.3).  As described above, once 

the voluntary movement of maneuvering the tongue toward the alveolar ridge, the 

Bernoulli effect comes into play, resulting in the series of articulatory events described in 

Sections 1.0 and 1.1.   

While Martínez-Celdrán’s work describes the interface of articulatory and 

aerodynamic processes in trill production, Solé’s work investigates the aerodynamic 

requirements for a trill to occur, specifically oral airflow and oropharyngeal air pressure.  

Solé (1998, 1999) and Solé et al. (1998) study the aerodynamics of Spanish trills, namely 

the air pressure and airflow requirements for initiation and sustaining of trilling.  This 

body of work sought to supply descriptions of aerodynamic characteristics of trills in 

general, not necessarily those of a given language.  Solé (1998) and Solé et al. (1999) 

recorded intraoral air pressure and airflow in two subjects as they produced trills in 

intervocalic position and isolated trills produced with maximum exhalatory effort.  

Pressure was recorded via a catheter inserted in the pharynx via the nose, and airflow was 
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recorded through a special mask.  Catheters varying in cross-sectional area were inserted 

into the subjects’ mouth in order to simulate variations in pressure during speech 

produced by prosodic factors and factors having to do with the phonetic environment in 

which the trills occurred. The catheters were used to bleed intraoral air pressure in order 

to determine at what pressure values trilling was inhibited or extinguished, so that 

minimum pressure values for trill production could be determined.   

Solé’s studies provide basic minimum requirements for trilling in airflow, 

expressed in liters per second, and pressure, expressed in cm H20.  It is not possible to 

report a quantity for this, as the amount of airflow depends on the length of the vocal 

tract, gender of the speaker and the shape and mass of the oral cavity.  Differences were 

found in voiced and voiceless trills with regard to pressure and airflow movement during 

production of these sounds.  Intraoral pressure is higher in voiceless trills than in 

voiceless trills, and airflow is greater in voiceless trills than in voiced ones.  It was also 

observed that lower pressure and airflow are required to sustain trilling than to initiate it.  

The higher average intraoral pressure in voiceless trills allows them to be sustained in the 

face of greater drops in pressure across the lingual constriction than in voiceless trills.  As 

such, voiceless trilling is more “forgiving” and easier to maintain if pressure is vented 

than voiceless trills, which become voiceless and then fricative earlier than voiceless trills 

become fricatives when pressure is vented.  It is unclear if the trills in Solé et al.’s (1997) 

measurements were carried out mostly on Spanish or Catalan trills; the author is a native 

speaker of Catalan and a fluent speaker of Spanish, and she measured the trills of just two 

speakers: herself and a native speaker of American English.  While Catalan and Spanish 
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trills are quite similar, there is no work that I know of that specifically compares them, 

meaning it is technically possible that what Solé measured could be different from a 

Spanish trill.  It can nevertheless be presumed that Solé would have pointed out any 

substantial difference between Spanish and Catalan trills in her work and thus, that  

whatever the language of the trills she studied, Spanish or Catalan, they are sufficiently 

similar as to provide a useful point of comparison.  Furthermore, her work used a 

different means of aerodynamic data collection than the one intended for this project, 

which will be described in Chapter 3.   

The relative difficulty of trills owing to their strict aerodynamic and muscular 

requirements has even been posited as a motivating force in historical sound change.  

Kavitskaya (1997) posits that the widespread, pan-Slavic loss of palatalized trills present 

in Old Slavic was due to the untenability of palatalized trill production.  Kavitskaya’s 

diachronic perspective from Slavic languages appears to be in line with the variability of 

Spanish /r/ realization found in Hammond (1999, 2000), discussed in 1.2.1.4 below. 

Kavitskaya shows that Old Slavic trills have numerous sibilant and fricative reflexes in 

modern Slavic languages.  She claims that trill palatalization is difficult because as the 

tongue body is raised during palatalization, this movement also causes the tongue tip to 

advance, changing the shape of the escape stricture through which the air must flow, 

making it rather more difficult to maintain the aerodynamic conditions necessary for trill 

production. As mentioned above, Solé (1998) points out a similar phenomenon, in which 

failed trills are spirantized, likely due to the complexity of the segment.  śygis (2004) 

adds that the increased muscle stiffness produced by palatalization limits the tongue’s 
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ability to vibrate as freely as it can with the lower height of the predorsum associated 

with apico-alveolar trills.   She also points out that palatalization involves the 

introduction of a high vocoid into the articulation, which is what causes the dorsum to 

rise, destabilizing the trill.  McGowan’s (1992) modeling of vocal tract characteristics 

during trill production bears this theory out, as he shows that a speaker’s ability to control 

tongue tension is reduced as tongue tip mass and resistance increase, which is what 

occurs during palatalization. In any event, these works show that the aerodynamic 

requirements for trilling are greater when the tongue is held too stiffly or the precise 

configuration for how it should be held for efficient trilling is not attained. 

 

1.2.1.4. Variability in /r/ realization 

 It is known that the Spanish trill phoneme displays a great degree of variability in 

how it is realized (Hammond 1999, 2001; Blecua 1999, Solé 1998, Lipski 1994).  When 

/r/ not realized as a trill, it can be variously realized as a voiced or voiceless fricative, 

including as a fricative with sibilant-like noise, or as a kind of approximant including a 

retroflex approximant.  Hammond (1999) reports many target trills realized as simple 

vibrants (“taps” in the present study; Hammond (1999) refers to them as flaps; here the 

two terms are taken to be synonymous), and reports “pre-aspiration” in several kinds of 

realizations.  While he does not explain what he means by pre-aspiration, his 

spectrograms show a region of heightened low-frequency, low-amplitude noise preceding 

the realization of the phoneme /r/, which is likely indicative of heightened airflow 

preceding the rhotic.  He noticed this in a small percentage of his Colombian, 
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Ecuadorian, Puerto Rican and Mexican data.  Such realizations accounted for just 4% of 

the Mexican data but 19% of the Puerto Rican data, which is perhaps unsurprising when 

we consider that one of the most frequent, if not the most frequent realizations of /r/ in 

Puerto Rican Spanish is a voiceless uvular or velar fricative—[X] or [x], respectively 

(Lipski 1994). 

Hammond’s (2000) results from a read-aloud task indicate that even native 

speakers may not produce trills in great numbers, and that realization of the /r/ phoneme 

is highly variable.  His subjects, who were from various Latin American countries, read 

aloud a newspaper excerpt containing seven trills.  Hammond (2000) provides six of the 

test words, five of which have trills in word-initial position, possibly making them harder 

to pronounce.  In the data of Hammond’s subjects the multiple vibrant phoneme is only 

realized as the normative trill comparatively rarely, and instead surfaces as a fricative, 

approximant, sibilant, tap or some other sound more often than it is realized as a trill.  

Perhaps even more curious is that of 105 tokens produced by Mexican subjects, only 

eight were trills, and they were all voiceless.  These results support his earlier claim 

(Hammond 1999) that the trill prescribed by the Real Academia Española is not a 

common production variant of that phoneme, but are rather different from the native 

speaker data in Reeder’s (1998) results.  In his study Reeder compared trill and stop 

consonant production in native and non-native groups.  While this work is summarized in 

greater detail in Section 1.4, it is relevant to the present discussion to point out that 

Reeder’s native-speaking subjects attained 100% trill production for all attempted trills in 

three different task types. The distribution of trills in Reeder’s (1998) test words is not 
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given.  It is unclear how the two studies could arrive at such different results for trill 

production among native speakers, especially in view of the fact that Reeder used three 

tasks of varying formality and Hammond used one highly formal task which would 

ostensibly elicit the most careful speech possible.   

Solé’s aerodynamic work (Sec. 1.2.1.3) explains some of the variability in /r/ 

realization.  There is a pattern in Spanish of the trill phoneme sometimes being realized 

as a fricative when unsuccessfully produced, creating a pattern of alternation and co-

occurrence of trilling and frication even in L1 Spanish, as a result of “imperfect 

linguopalatal closure or partial vibration of the tongue tip, which allows the high velocity 

air to flow continually through the aperture generating friction” (Solé 2002).   This is 

easy to understand if we consider that fricatives and voiceless trills have similar pressure 

and airflow requirements, and that voiced trills’ requirements are stricter than those of 

voiceless trills and fricatives.  As such, the relation between mispronounced trills and 

frication, and the alternation found between these two sounds in many languages 

including Spanish, makes sense.  As mentioned above, Kavitskaya (1997) notes the 

similarity in fricative and trill production in her study of Old Slavic palatalized trills 

diachronically becoming fricatives or trilled fricatives in modern Slavic languages, as in 

the case of the Czech trilled fricative.  Spirantization of target trills is attested in many 

dialects of Spanish, including Peninsular Spanish and Mexican Spanish (Solé 1998). 

Finally, although syllable coda position is not one of the phonetic environments 

under study in this project, a few words are in order about the variability of the 

neutralized rhotic phoneme.  While it is generally considered that the simple vibrant is 
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the expected syllable-final rhotic, it is clear that there is a large degree of variability in 

how the rhotic is realized in this position.  Likewise, there is no clear agreement in the 

literature regarding the nature of the syllable-final reflex of the rhotic.  Malmberg (1965) 

claims that two-tap variants are common pre-consonantally (and hence in non-absolute 

final position, as Spanish phonotactics prohibits clusters whose first segment is a rhotic), 

and strikingly, that in absolute-final position they may contain up to four or five 

vibrations.  He also reports word-final spirantization in Mexican Spanish, which 

coincides with the later findings of Hammond (1999).  Recasens (1991) says that pre-

consonantally, a shortened trill of variable length is common.  Bradley (2001) takes these 

differences in the characterization of syllable-final and absolute-final trills as “evidence 

that Catalan, like Spanish, exhibits neutralization with variable realization before any 

consonant.”  Indeed, Malmberg (1965) refers to the Spanish syllable-final rhotic as an 

“archiphoneme,” with varying realizations.   

 

1.2.1.5. Phonological environment and trill production 

Focusing on the conditions under which successful trilling is most probable in L1 

Spanish, Lewis (2004) described coarticulatory effects of neighboring segments on 

Spanish trill production.  He identified a scale of phonetic environments in which trill 

production is more or less difficult according to the degree of articulatory stricture of the 

segment preceding the trill phoneme.  He studied trill production in four native Spanish 

speakers, each from a different Spanish-speaking country, using stimuli with trills in 

intervocalic and post-pausal conditions, as well as trills occurring post-consonantally, 
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after /s/, /l/ and /n/.  He used these conditions to vary the degree of articulatory stricture 

of the preceding segment and gave the following stricture continuum to identify the 

degree of stricture of the segment preceding the vibrant, from lowest degree of stricture 

to greatest: /a/ ___ → /i/ ___ → /s/ ___ → /l/ ___→ /n/___ →  # ___.   All non-trill 

realizations were considered to be either voiced or voiceless approximants.  His Mexican 

subjects produced voiced trills in 51.7% of tokens, and voiceless trills in 5%. Grouping 

data for all speakers he found that the trill phoneme was most often realized as a trill after 

/n/, slightly less often after /l/, slightly less often still in intervocalic position, and was 

least often pronounced successfully in post-pausal position and following /s/, in that 

order.    

Lewis explains the above findings by saying that the relative intensity between the 

trill and the segment preceding it, measured in decibels, was a strong predictor of 

successful trills.  This is because acoustic energy declines due to an increase in the 

articulatory stricture of the preceding segment, and more oropharyngeal pressure is able 

to build up at the stricture, presumably allowing a sufficient amount of pressure to build 

up more often in environments where the rhotic follows a segment.  Thus, the greater the 

degree of stricture in the preceding segment, the greater the amount of oropharyngeal 

pressure that is able to build up behind the stricture, making it easier to initiate a trill.  

However, this may not fully explain his findings, as oropharyngeal pressure does not 

build up behind the tongue during a nasal consonant, as pressure is bled because the 

airflow escapes through the nasal cavity.  It may be the case that the pressure that builds 
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up behind the tongue following the raising of the velum and the closing of the nasal 

cavity to escaping airflow is high enough to create the kind of stricture Lewis describes.   

Additionally, Lewis (2004) found that voicing in trilling was positively correlated 

with voicing in the preceding segment.  That is, following the voiceless contexts of post-

/s/ and post-pause, a higher proportion of voiceless trills was found.  He also found that 

trill duration was longer following voiceless segments, even though in the case of one 

such context, post-/s/, trill was less likely to occur at all than after the other segments in 

his study.  The larger the difference in relative intensity between the preceding consonant 

and the trill target was, the more likely it was that the trill would be produced 

successfully.   This relationship held for the post-consonantal contexts in order of degree 

of stricture: /s/__ → /l/__ → /n/__, where trill is more likely in the /n/__ context.  This 

relationship did not obtain for the intervocalic and post-pausal contexts.   

Finally, Lewis (2004) found that in all contexts except for post-/l/, voiceless trills 

had a higher mean number of apico-alveolar occlusions than voiced ones. Following the 

results of Solé (2002), Lewis (2004) attributes this result to the greater amount of airflow 

reaching the stricture site in voiceless trills as opposed to voiced ones.   

In another study of coarticulatory effects involving trills, Recasens and Pallarès 

(1999) found trills to be to be more resistant to coarticulatory effects than taps, although 

trills show a pattern of coarticulatory effects when followed by /i/.  They claim that the 

trill permits a smaller degree of coarticulatory effects because tongue movement for trills 

is highly constrained, more so than for taps, leaving less of the tongue mass able to move 

than in taps.  Partly contributing to this tongue tension is the bracing action reported by 
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McGowan (1992), in which the sides of the tongue “brace” against the upper molars 

during trill production.   

Another factor studied by Recasens (1991) and Recasens and Pallarès (1999) was 

the position of tongue contact in Catalan trills in the context of a model of coarticulation 

proposed by Recasens (1991).  Their electropalatographic analysis of linguo-alveolar and 

linguo-palatal contact during production of taps and trills in VCV sequences show 

differing patterns of contact between taps and trills according to the vowels that flank 

them in symmetrical VCV sequences.  It was observed that even when flanked by the 

same vowel, the pattern of contact in taps and trills is often quite different, generally with 

the tongue making contact with a slightly larger area during tap production, lending 

credence to Recasens’ and Pallarès’ (1999) phonetically-based claim that the two 

consonants are the product of different gestural configurations.  They found that trills 

involve a greater degree of pre-dorsum lowering, accompanied by post-dorsum retraction, 

which frees up more room for the tongue tip and blade to move vertically than the tongue 

has for tap production.  The aforementioned bracing of the tongue against the upper 

molars noted by McGowan (1992) is a trill characteristic not present in tap production. 

 

1.2.1.6. L1 acquisition of Spanish trills 

   There is work that shows that trills are generally the last sound of the Spanish 

L1 inventory acquired by children, and that this may be true cross-linguistically.  For 

example, Jiménez (1987) and Carballo & Mendoza (2000) investigated the native 
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acquisition of Spanish trills by children.  Jiménez (1987) tested the acquisition of Spanish 

phonemes in 120 children, of three years to five years, seven months of age, in eight 

different age groups, in a picture naming task to determine the order of acquisition of 

Spanish segments.  The percentage of correct trill articulations by age group was studied, 

and fewer than 50% of tokens of an expected trill were produced as late as four years, 

seven months, and at five years, seven months, only 80% of expected trills were 

produced correctly.  The tap, on the other hand, was correctly produced at 50% and 90% 

at these ages, respectively.  Based on these results, Jiménez (1987) showed that the trill 

was the last segment mastered by the speakers studied.  However, she describes her 

subjects as being “of Mexican descent,” so it is unclear if these speakers would be best 

classified as native speakers or perhaps as “heritage speakers.”  A bilingual speaker may 

be considered a heritage speaker of a language if one of his or her languages is a minority 

language where the speaker resides, and if the speaker grew up speaking it in a limited set 

of domains. This is the case of many Spanish speakers in the U.S. if they were raised in 

the United States, where the study was carried out.  The classifiction of heritage speakers 

is defined in more detail in Chapter 2. 

In another study of L1 Spanish trill acquisition, Carballo and Mendoza (2000) 

studied the trill attempts of children of different age groups who were acquiring the trill 

in their native Spanish.  They grouped their subjects according to whether they were able 

to pronounce the trill, and if so, by degree of “intelligibility” (high, medium and low, as 

determined by “auditory perceptual criterion of intelligibility,” which was rated by twelve 

experienced speech-language pathologists.  They authors analyzed frequencies of 
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formants 1-3, formant amplitudes measured in decibels, segment duration in the 

successful and failed trills, intensity ratio between the trill and following consonant, 

length of consonant, number of occlusions and duration of first aperture of trills.  They 

studied these variables in words beginning with trill, and used as a comparison group 

those members of one of the older group of children (7.0 to 9.5 years) whose trills the 

authors deemed “totally normal.”   ”Normal” trills were considered successfully 

produced, as opposed to a non-trilled segment or what the authors refer to as an 

“incompletely trilled” vibrant, although the term “incompletely trilled” is not defined.  

They found significant differences that pointed to differences in motor control in trilling 

in nearly all areas, some of which could be attributed to developmental stages in child 

phonological acquisition, others were considered indicative of the inability to trill at all.  

In addition to the Spanish child data cited above, there is also cross-linguistic 

evidence that trills are acquired late in phonological development.  śygis (2004) cites 

evidence that among the Slavic languages that retained the trill, such as Polish, the trill is 

acquired very late by children.  In Slavic languages that retained palatalized trills, such as 

Russian, the palatalized trill is acquired even later than the non-palatalized one, indicating 

that palatalized trills are even more highly marked segments than non-palatalized trills.   

  

1.2.2. Acoustic and articulatory properties of the tap /RRRR/. 

At this point I consider some of the characteristics of the Spanish alveolar tap /R/.  While 

the tap is not the focus of this dissertation, it nevertheless merits some description not 

only because it is the only other Spanish rhotic, but because, as will be seen in Chapter 2, 
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it is an extremely common non-target production for non-native speakers when trill is the 

target.  The alveolar tap is the only other rhotic in the Spanish consonant inventory, and 

only contrasts with the trill /r/ in intervocalic position.  Its phonemicity, and that of the 

trill, is neutralized in all other positions, where the two sounds are canonically said to be 

in complementary distribution (Canfield 1981).  However, Lewis (2004) claims they are 

in free variation when in the syllable coda.    

Because the tap is a muscular movement during which the tongue is thrown 

against the alveolar ridge and then pulled away from it in transition to the next segment, 

Catford (1977) considers it to be a momentary gesture (original emphasis) that is not 

prolongable, whereas the trill is a prolongable gesture (original emphasis) in which the 

tongue is placed in a given position and is held there to produce the trill as long as 

adequate airflow is being exhaled.  However, while the trill as a complete segment may 

be prolongable to the point of running out of air, the individual contacts of the tongue that 

constitute it are no more prolongable than the contact of a tap.  Martínez-Celdrán (1997) 

points out that the tap is the result of a voluntary movement of the tongue against the 

alveolar ridge, in contrast to his description of the trill as largely involuntary beyond the 

initial raising of the tongue tip into position at the alveolar ridge, as the trill is sustained 

via the Bernoulli effect, while the ballistic motion of the tap is muscular in nature and no 

sustained vibration is set in motion by aerodynamic forces once the tongue makes 

contact.  Catford (1977) refers to the tap as having a “hit and run” quality because the 

tongue makes one quick voluntary strike and then transitions into the following segment.   

And finally, as mentioned above, the electropalatographic studies of Recasens (1991) 
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appear to show that the amount of area contacted by the tongue during tap production is 

often greater than that contacted during trills.  As discussed in section 1.2.1, Recasens 

also provides an average closure duration of 20-30ms in taps, as compared to a 15-20ms 

duration for each closure of trills.   

 

1.3. L1 influence on L2 sound systems. 

In order to examine the characteristics of non-native acquisition of Spanish trills, some 

general background knowledge about L1 influence on the acquisition of L2 phonological 

systems is necessary.  While much work on L2 phonetics has been devoted to acoustic 

phonetic measurements, perception studies and the question of how second language 

learners acquire L2 phonological categories, there is a lack of work on the aerodynamic 

side of the coin: what can aerodynamics tell us about the acoustic output in learners?  

What can it tell us about the strategies adult L2 learners are employing in order to 

correctly produce non-native sounds?  As mentioned above, a good deal of work has been 

carried out on non-native perception, and on acoustic and articulatory features of non-

native speech, including how perception affects or leads to production (Bohn and Flege 

1990, Flege 1995, Zampini 1998, among many others). However, the importance of 

aerodynamic factors in the production of certain segments, including trills, has not been 

studied with respect to second language acquisition.  In the case of trills, learners must 

not only develop intuitions over time about how to maneuver the articulators to achieve 

native-like production but also about how to control aerodynamic factors.  Since 

aerodynamic factors are such a crucial component of trill production, the study of 
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acoustic and aerodynamic characteristics of L2 trills aims to add to existing knowledge of 

how the adult second language learner manipulates all of the speech apparatus in 

acquiring non-native sounds. 

  This paucity of research on L2 trills does not imply a lack of work in other areas 

of L2 sound system acquisition, or even a lack of work on acquisition of individual 

segments.  For example, there is a very large quantity of research on acquisition of voice 

onset time (VOT) in L2 (Flege & Hillenbrand 1984, Flege 1987b, Flege 1991, Zampini 

1998) and the establishment of L2 segmental phonetic categories (Flege 1995a), and also 

a great deal of work on the perception and acquisition of the distinction between liquids 

such as /r/ and /l/ in English by Japanese speakers (Strange & Dittman 1984, Flege 

1995b, Bradlow et al. 1995).  Additionally, there is a great deal of work on L2 acquisition 

of vowel systems.  Flege and Bohn (1990a, b) investigated perception and production in 

new vowel phoneme categories.  Flege (1990) investigated crosslinguistic vowel 

perception and Flege, Munro and Fox (1994) pursued Flege’s familiar interest in patterns 

of acquisition of L2 phonemes based on whether they are acoustically similar to or 

relatively different from phonemes in the L1.  Guion (2003) discusses how bilinguals’ 

languages can exert mutual influence on one another depending on age of acquisition in a 

study of native speakers of Quichua, a language of Ecuador, who were bilingual Spanish 

speakers.  She found that the earlier her subjects began learning Spanish, the more native-

like characteristics they presented in the Spanish vowels they acquired, and the more 

likely they were to establish two separate phonological vowel spaces for the two 

languages.  Additionally, she found that learning Spanish affected the vowels in their 
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native Quichua, specifically, that those speakers who had acquired Spanish vowels and 

created a single, merged vowel space for the two languages, tended to raise their Quichua 

vowels in order to maximally differentiate them from the Spanish vowels, demonstrating 

that L2 phonological acquisition may exert an effect on the sound system of the speaker’s 

L1.  

Among the most important work in the area of L2 phonetic production is Flege’s 

(1995a) Speech Learning Model (SLM).  The SLM, while acknowledging age-related 

limits on L2 learners’ ability to achieve native-like pronunciation in L2, nevertheless 

claims that the ability to learn to perceive and produce L2 sounds remains intact 

throughout life, in contrast to the critical period hypothesis (Lenneberg 1967), which 

posits that beyond a certain age the brain loses plasticity and with it the adaptability 

required for learning language.  While Lenneberg’s work centered on first language 

acquisition, it is supported by Scovel (1988) and Johnson & Newport (1989) in the 

context of second language learning, with Scovel going so far as to claim that second 

language learners who learn their L2 post-puberty “will never learn to pass themselves 

off as native speakers phonologically” (Scovel 1988).   

Flege’s model, on the other hand, places far less importance on the age of puberty 

as the crucial age for second language learning.  While his model acknowledges that age 

plays an important role in the success learners will have in pronouncing L2 sounds, it 

postulates that the mechanism for establishing phonetic categories for L2 sounds and 

pronouncing them correctly continues to exist throughout the life span, but that the 

chances for native-like phonetic acquisition decrease as age of learning increases.  That 
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is, for Flege the ability to acquire the phonetic system of a second language gradually 

decreases with age, which is quite different from the sharp cutoff point suggested by a 

critical period.  A great deal of Flege’s work found a linear relationship between age of 

arrival in a new country or age of acquisition and accentedness of L2 speech.  One such 

work among many is Flege et al. (1995), which found such a linear relationship in the 

perceived foreign accent of native Italian speakers who had immigrated to Canada 

between the ages of 2 and 20 and were L2 learners of English.  In these L2 speakers, 

accentedness in L2 increased with age of arrival in Canada, rather than increasing sharply 

around the age of puberty.   

For the present work, what is most important in Flege’s model is the notion of 

equivalence classification.  Equivalence classification refers to the classification of L2 

sounds as belonging to the same phonetic category as a similarly articulated phone in L1, 

and thus the two sounds can be identified as being the same sound.  For example, the 

phones [p t k] are voiceless stops in English and Spanish, but their voice onset times 

(VOT) are longer in English than in Spanish.  The production of these phones in Spanish 

by an English speaker who has perceived them as functionally the same sound will likely 

result in an easily identifiable non-native sounding pronunciation.  In essence, the model 

claims that there is one unitary phonetic space for all of a speaker’s languages for late 

bilinguals, and claims that if L2 phones share enough characteristics, they will be 

perceived as the same sound in L2 as in L1 and occupy the same phonetic space, resisting 

the creation of entirely new phonetic categories.  With increased age of acquisition, the 

likelihood that a second language learner will perceive a new contrast and establish a 
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separate category decreases. Flege (1987b) showed that native English speakers learning 

French produced a more native-like /y/ in French, which does not exist in English, than 

their productions of French /t/, or /u/ which do exist in English.  It is fundamental to the 

model that L2 sounds with no L1 equivalent should be easier to learn to produce because 

equivalence classification will not impede perception of the finer featural distinctions 

between similar L1 and L2 sounds.  Thus, even non-native productions by highly 

experienced learners (with ten years or more of experience) can diverge measurably from 

average native values, not reaching the average measured for native speakers.  For 

example, highly advanced English-speaking learners produced French high front rounded 

/y/—a sound with no clear correlate in English—with only a slightly lower F2 value than 

monolingual French speakers.  However, even highly experienced learners with ten years 

of experience speaking French produced French high back rounded /u/ with a 

significantly lower F2 than the mean F2 value for monolingual French /u/, In the context 

of the present study, it leads one to wonder if the difficulty English speakers face in 

pronouncing the trill is somehow reconcilable with the fact that the trill, which does not 

exist in American English and therefore is most certainly a “novel” L2 phone for English-

speaking learners of Spanish, should somehow be “easier” to acquire than other Spanish 

phones.  Reeder (1998), discussed below, compared acquisition of Spanish trills and 

voiceless stops. The present study compares acquisition of trill to acquisition of tap, but 

also conducts a study to determine if learners make the distinction between the two 

phonemes. 
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Because the trill is so notoriously difficult for English speakers learning Spanish, 

one might wonder if learners even differentiate it from the tap /R/, forming a phonological 

category for it.  As these sounds are both rhotics that involve apical contact with the 

alveolar ridge, it could be the case that learners simply do not distinguish the trill from 

the tap.  This possibility appears even more plausible when we consider that the two do 

not contrast phonemically in all contexts in which they occur.  Rather, they contrast only 

in intervocalic position, as can be seen in minimal pairs like carro ‘car’ [ká.ro] and caro 

‘expensive’ [ká.RRRRo].  Work on L2 phonological category formation like that of Best et al. 

(2003), which studied category formation of !Xóõ clicks by speakers of a language that 

has no clicks (American English) and two other unrelated African languages that have 

clicks, but fewer of them and with certain dissimilar characteristics to !Xóõ clicks, 

allowing for fewer contrasts than in !Xóõ.  Best’s Perceptual Assimilation Model (PAM) 

claims that when speakers of a given L1 fail to hear L2 sounds as phonological elements 

but rather hear them as non-speech, they should be able to discriminate the contrast well 

as long as there is enough perceptual salience between the two phones involved in the 

contrast (Best 2003).   When L2 sounds are identical or at least similar to L1 sounds, 

contrasts involving them should be less discriminible to speakers of the L1.   

As predicted by the PAM, the American English speakers discriminated all click 

contrasts in the study well, and speakers of the other two languages did not discriminate 

them as well.  Trills can be viewed as very different from any kind of American English 

phone, which has no sound that can reasonably be said to be similar to a trill.  This 

suggests that trills are so unlike any native sound in English that learners of Spanish or 
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any other language with phonemic trills should be more likely to discriminate them than 

L2 sounds that are similar to L1 sounds.  Discrimination, then, would lead to faster 

category formation for alveolar trills than for L2 sounds that are similar in some features 

to L1 sounds.     

In similar fashion to the PAM, Flege’s Speech Learning Model (1995) claims that 

speakers will be less likely to form categories for L2 sounds that are similar to L1 sounds, 

as they will be perceived via “equivalence classification” as the same sound, and remain 

that way until the learner perceives some difference between the two sounds.  Following 

his model, trills would have no likely candidate for equivalence classification in English, 

strengthening the possibility that learners will form a category for them in their L2 

Spanish.  It could be possible that learners are able to perceive and create a phonetic 

category for trills but the physical difficulty of producing them precludes so many 

learners from doing so.   

Zampini (1998) found evidence that contradicts part of Flege’s (1995) claim.   

Her subjects, English-speaking learners of Spanish, monolingual English speakers and 

Spanish-English bilinguals, performed perception and production tasks on Spanish and 

English voiced and voiceless stops.  While Flege’s SLM implies that perception must 

necessarily precede production, Zampini’s study found that in the case of the voiceless 

stop /p/ in Spanish, which is a short-lag stop with a voice onset time (VOT) similar to that 

of English /b/, production of short lag /p/ in L2 Spanish preceded perception of the short 

lag as signaling the phoneme /p/.  Perception appeared to precede production in the case 

of Spanish /b/, which is a short-lag stop in English but prevoiced in Spanish.  Zampini 
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explains these results by pointing out that short-lag Spanish /p/ corresponds to a sound 

that exists in learners’ L1 English, /b/, which is also short-lag.  However, prevoiced 

Spanish /b/ has no equivalent in English, and learners accordingly did not demonstrate 

having acquired that aspect of the phonetic detail of Spanish /b/ without first 

demonstrating a longer perceptual boundary for Spanish /b/.  According to the SLM, new 

L2 sounds should lend themselves more readily to the establishment of a phonetic 

category more so than familiar sounds, or sounds that share phonetic detail with L1 

sounds.  Zampini’s (1998) results did not support this hypothesis, which in the context of 

the present study raises the question of whether category formation for trills is a 

prerequisite for their production.   

 

1.4. Research on acquisition of L2 trills. 

Up to the present moment very little work has been carried out on the acquisition of trills 

in L2.  In spite of the enormous quantity of research on segmental acquisition in L2, the 

fact remains that acquisition of trills in L2 has not been a prominent area of interest.  One 

study involving L2 acquisition of trills is Reeder (1998), which studied acquisition of 

voiceless stops and trills in the L2 Spanish of four groups of native English-speaking 

learners grouped by proficiency level.  Accuracy was judged auditorily by the researcher, 

who defined a trill as having two or more taps.  It is not stated explicitly how the number 

of contacts per trill was counted, but it can perhaps be presumed that this was done 

visually based on the waveform, as the author acknowledges using speech analysis 

software to record his subjects. In addition to a perception task, he performed a three-part 
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production test, involving a list of words read in a carrier sentence, description of picture 

cards, and a short narration.  He measured mean number of taps per trill in native and 

non-native speaking subjects, and found that the highest level of non-native speakers, 

who were mostly post-secondary Spanish instructors, produced 83% of their trills with 

two or more taps, and native speakers produced 100% with two or more taps.  He found 

that the average number of contacts per trill increased from 0.6 at the beginning level to 

2.6 at the advanced level.  A mean of less than one tap per trill was obtained because 

some subjects produced no taps at all for attempted trills.  One can only assume that such 

realizations were simply not trills at all, and that averaging these non-trills in with the 

data on number of taps per trill for actual trills would have decreased the number of taps 

per trill artificially.  He also found that while beginning learners were largely unable to 

produce native-like voiceless stops or trills at all, ability to trill at the advanced level 

exceeded ability to produce voiceless stops within the native VOT range.  It is not certain 

from Reeder (1998) what phonological environments were used in the study.  No word 

list is given, and no specific mention is made of the phonological environments he 

studies.  Reeder’s results for the native speaker group are striking in light of work such as 

that of Hammond (1999), described in Sec. 1.2.1.4., who found a much lower mean trill 

realization among even Mexican speakers. 

Reeder (1998) takes the results discussed above as support of Flege’s SLM, for it 

appears to demonstrate the greater likelihood that learners will form a phonetic category 

for novel L2 phones having no correlate in L1, while establishment of phonetic categories 

for the voiceless stops, which do share phonetic features between the L1 and L2, is 
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slower, possibly not occurring at all.  What is not clear from Reeder’s work is how the 

VOT results from the stop consonants and the number of taps data for trills are 

statistically comparable, and how they can be used to reliably compare acquisition of two 

quite different segments.  Reeder also includes all production data from all three task 

types in the same statistical set, not taking into account any possible effects task type may 

have on production characteristics.  Zampini (1994) showed that task type can indeed 

exert an influence on production, so it would be interesting to see Reeder’s data analyzed 

with the various task types employed as separate experimental factors.  Additionally, 

Reeder’s definition of a trill as containing two or more taps tacitly assumes that a trill 

produced this way must necessarily be native-like, without considering other physical 

characteristics that might pattern differently among native and non-native speakers, 

which is one purpose of this dissertation.   

 

1.5. Research questions 

By studying learners of L2 Spanish at different levels of proficiency, the study 

can be carried out in “apparent time,” making it possible to draw conclusions about how 

acoustic properties of the phone in question shift across time, if they do, once acquired.  

This may also lead to conclusions about what features or other physical properties of trills 

learners are picking up on during the course of acquisition and at what point during 

acquisition they are doing so.  If learners within a given level vary in their productions to 

such an extent that no strong conclusions may be drawn about their acquisition of the 

trill, one must ask if their “wild” variation in pronunciation ultimately shows some 
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uniformity at a later level.  In other words, do they eventually shift at some point as a 

group to a correct and/or uniform production?  If there is enough uniformity in 

production within levels such that differences across levels are statistically significant, it 

should be possible to point out specific physical characteristics of the trill that learners at 

a given level are producing.  

At issue, then, is whether non-native speakers jump categorically from non-

trilling to being able to produce trills that are entirely native-like, in a sort of 

“categorical” acquisition in which the native endpoint in trill characteristics is reached 

immediately.  A second possibility is that non-native speakers are able to make the 

categorical jump from being unable to produce trills to being able to do so, but their trills 

show no further improvement, and therefore are in some measurable way not “native-

like,” with certain features measurable on a gradient scale not being acquired.  Yet a third 

possibility is that non-natives make the categorical jump from non-trilling to trilling, with 

trills unlike those of native speakers, and then continue acquiring more native-like 

features as proficiency level increases.  This possibility is the most intriguing because it 

would present elements of both categorical and gradient acquisition of trills, with the 

aforementioned jump from non-trilling to being able to produce trills; certain features of 

the segments would move gradually towards native speakers’ acoustic characteristics.  In 

such a case there would be both categorical acquisition of trills followed by gradient 

acquisition of some or all of the remaining features that may vary, however slightly, in 

trill production, lending their acquisition the kind of “gradient” property that 

characterizes acquisition of other kinds of segments.   
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 Alternatively, if the only varying factor in the production of non-native trills 

across proficiency levels is the number of learners who can produce them, and if there is 

no significant variability in trill characteristics across levels, this may lend support to a 

hypothesis that the trill is indeed a sort of “all or nothing” segment in the sense discussed 

above. That is, once it is produced, it likely cannot vary significantly from a trill 

produced in the same language by someone else.  There is however a third, intermediate 

possibility: trill production among non-native speakers may in fact be uniform across 

proficiency levels, but still vary significantly from the values measured for native 

speakers.  This would mean that the non-natives do learn to trill, but then make no further 

progress beyond that in improving their trills.   

Learner improvement can be measured on a number of dimensions. Learners 

might adjust the mean number of taps per trill as their production grows more native-like.  

It is also possible that individual contacts of the trill differ significantly from native 

production in some way, such as length of contact, length of opening, or other such 

measure having to do with the timing of articulatory events associated with the trill.  

Airflow is another measure on which learners might differ from native speakers, if the 

amount of airflow they expel when producing trills differs from the amount measured for 

native speakers.   

Because little study has been devoted to the second language acquisition of trills, 

it is of interest to ask what patterns arise in the production of second language learners 

when they acquire trills.  More specifically, the purpose of the present study is to 

investigate the physical characteristics of second language trills, specifically those of 
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native English speakers who are learning Spanish as a second language.  In doing so, I 

investigate the acoustic and aerodynamic properties of trill production in these learners, 

which makes it possible to determine the extent to which non-native trills differ from 

native ones—if indeed they do—and in what specific ways.  As mentioned above, the trill 

is an interesting segment to study in the context of second language acquisition because it 

seems as though it would permit very little variation in its acoustic characteristics and in 

the physical configurations which can produce it.  This leads to the question of whether 

the trill is a sound that is acquired “categorically” by L2 learners in the sense that once 

the trill is produced, it is necessarily native-like, or does the trill share characteristics of 

segments that are acquired in a more “gradient” fashion, like stop consonants measured 

by voice onset time, or vowels whose formants fall more into line with native speaker 

averages over time.  The apparent “all-or-nothing” property of the trill as described above 

makes it appear to be a consonant that learners can either produce, or if not, they produce 

something very different, be it an approximant, a sibilant of some sort, an English-like 

retroflex or some other consonant.  Given the production requirements for the trill, when 

learners do produce a trill, it should therefore necessarily conform to a very strict set of 

possible physical attributes, or else it will not be a trill at all.  That is, given these facts 

about the trill, learners might be expected to go from being unable to produce a trill in a 

linguistic context, to being able to produce one, with no intermediate step in the 

nativeness of the quality of the trill itself.   

The notion of “categorical acquisition” is distinct from what is known to occur in 

second language acquisition of other kinds of segments which show “gradient” 
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improvement in L2 speech, for example stop consonants and vowels, which may be 

noticeably inaccurate in a learner’s speech and slowly grow more native-like with 

increased experience in the L2.  Clearly, a misarticulated vowel is still a vowel, albeit 

with inaccurate formant frequencies, and an L2 stop consonant may still be produced as a 

stop, but with a point of articulation or voice onset time that diverges from native values.  

However, in spite of the highly restricted physical requirements for trill production it may 

nevertheless be inaccurate to assume that non-native alveolar trills will be produced 

entirely like native ones.   What is interesting about trills, then, is whether even with their 

apparently categorical nature of production and acquisition—the aforementioned “all-or-

nothing” characteristic—certain physical factors at play in non-native articulation of them 

could well produce trills that also vary from what native speakers do. This would make 

their acquisition similar in some ways to L2 acquisition of vowels and certain other 

consonants, lending their acquisition an apparently gradient property similar to that of 

other segments.   

Such a finding would be intriguing in light of work such as Flege’s (1995) Speech 

Learning Model (SLM, summarized in Section 1.3), and the notion of equivalence 

classification on which it is based, by which L2 sounds that can be identified as being the 

same as a phone in the speaker’s L1 are classified as belonging to the same phonetic 

category as the similarly articulated L2 phone.  It would also be interesting in the light of 

Spanish-specific studies such as Reeder (1998; summarized in Section 1.4), which found 

that at the advanced learner-level, non-native speakers were more proficient at producing 

the trill than they were at producing voiceless stops with native-like VOTs.  On the one 
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hand the trill is a comparatively difficult sound to produce—it is among the last 

consonants, if not the last, to be acquired by natives, and is famously difficult for L2 

learners—and on the other hand it is a very salient sound to the learner of L2 Spanish and 

therefore more likely to have a phonetic category formed for it in the phonetic space of 

the non-native speaker according to the SLM.  It is also quite possible that trills exhibit 

the sort of “gradient” acquisition that other segments like stops and vowels do.   

Learner improvement can be measured on a number of dimensions. Learners 

might adjust the mean number of taps per trill as their production grows more native-like.  

It is also possible that individual contacts of the trill differ significantly from native 

production in some way, such as length of contact, length of opening, or other such 

measure having to do with the timing of articulatory events associated with the trill.  

Airflow is another measure on which learners might differ from native speakers, if the 

amount of airflow they expel when producing trills differs from the amount measured for 

native speakers.   

By studying learners of L2 Spanish at different levels of proficiency, the study 

can be carried out in “apparent time,” making it possible to draw conclusions about how 

acoustic properties of the phone in question shift across time once it is acquired, if indeed 

learners acquire it. This may also lead to conclusions about what features or other 

physical properties of trills learners are picking up on during the course of acquisition and 

at what point during acquisition they are doing so.  If learners within a given level vary in 

their productions to such an extent that no strong conclusions may be drawn about their 

acquisition of the trill, one must ask if their “wild” variation in pronunciation ultimately 
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shows some uniformity at a later level.  In other words, do they eventually shift at some 

point as a group to a correct and/or uniform production?   

 

1.6. Predictions. 

In this study it is hypothesized that the L2 trill will vary from the L1 trill, possibly 

in a variety of ways.  First, learners at the lowest level of proficiency are not expected to 

be able to produce the sound consistently, if at all.  Second, it is predicted that learners 

will increase in the ability to produce trills with each increase in level of proficiency.  A 

third prediction is that due to L2 learners’ imperfect and non-native-like control over the 

physical events required to produce the trill, their production of the trill will vary in 

certain ways from that of the native speaker.  Specifically, among those who can produce 

it, the trill will vary from native trills in mean number of taps and in the duration of the 

interval between taps in the trill.  A related prediction is that native and non-native trills 

will vary in the amount of airflow produced during trilling.  While I have suggested that 

the strict requirements for producing trills could cause successfully produced trills to vary 

very little, if at all, I predict that non-native trills will in fact display variation from native 

trills on some or all of the aforementioned variables.  Specifically, I predict that non-

native speakers will produce trills with greater airflow than native speakers.  Such 

predictions are based on anecdotal observations gathered during my own experience as a 

teacher of Spanish at various levels and of Spanish phonetics, in which excessive 

breathiness preceding the vibratory tongue movement of the trill could be clearly heard.  

This observation suggests that non-native speakers may be using more airflow during trill 
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production than native speakers.   This observation in combination with the findings of 

Solé et al. (1998) and Solé (1999), which determined that trill production requires more 

airflow for initiation, leads me to believe that learners exceed the necessary minimum 

airflow for trill initiation, producing the observed “breathiness.” 

Because non-native trills are predicted to present greater airflow than native ones, 

a logically related prediction is that the open portion (see Chapter 3) of the individual 

occlusions of the trill will be longer in non-natives than in natives.  This is because with 

more air flowing it is possible that the duration of the open portion of the occlusion is 

longer.  A related prediction is that the delay between taps of the trill, that is, between the 

end of an individual contact and the beginning of the following one, will be longer in 

non-native speakers. 

A prediction regarding a difference in the number of contacts per trill is more 

difficult to make.  Assuming learners do differ from native speakers on this variable, 

other possible scenarios—that learners will produce a higher or lower average number of 

taps than native speakers—appear equally plausible.  Learners could well produce fewer 

taps per trill than natives because the segment is so difficult to initiate and sustain that 

they simply do just enough to create a distinguishable trill, that is, produce them with a 

minimum number of contacts, taken here to be two.  At first glance the findings of 

Reeder (1998) appear to support this prediction.  He found that learners produced fewer 

taps per trill than native speakers.  However, because the mean number of contacts he 

found at the lowest levels of proficiency was less than one, it appears that he included 

failed trills with no contacts at all in his calculation, lowering the average number of taps 
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per trill, which this study did not.  The opposite possibility to learners’ producing fewer 

taps per trill than natives is, of course, that they will produce more.   It is possible that 

once learners initiate trills, they cannot stop trilling as fast as native speakers owing to 

less precise control over the motor and aerodynamic mechanisms controlling production 

of the segment.  We have seen above in Solé (1998, 1999) that trills require less effort to 

sustain than to initiate, so once the trill is initiated, the difficulty could lie in stopping the 

Bernoulli forces that are sustaining it.  It is also possible that learners may consciously or 

unconsciously prolong their trills.  The desire to do so may be borne out of the desire to 

produce the most salient and distinguishable segment possible, and longer trills would 

certainly be more salient than shorter ones.   It is even possible that pride in achievement 

could lead learners to lengthen their trills.  Learners might feel a particularly high sense 

of satisfaction in having learned to produce such a difficult segment that they prolong 

their trills, possibly simply because they are able to.   

Another prediction concerns a possible non-target realization of /r/.  Because trills 

contrast phonemically with only one other rhotic in Spanish, namely the tap /R/, the tap is 

also of interest because it appears that at least at lower learner-levels learners may not 

distinguish the tap from the trill, and they might produce tap as a common non-target 

production when trill is the target. Aside from certain contexts in which stylistic 

motivations allow for the trill in canonically tapping contexts, most notably word-finally, 

the tap is in complementary distribution with the trill except in intervocalic position, 

where the two contrast, meaning learners must master the phonological rule of when each 

rhotic is the target segment.  This is interesting because unlike the trill, the tap is a sound 
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that exists quite commonly in English and could therefore be transferred to L2 Spanish, 

in spite of the status of the tap as an allophone of /t/ and /d/ in English and the difference 

in orthographic representation of the tap in Spanish and English.   

Once learners are able to produce trills, there are several possible patterns of 

acquisition.  The first is that trills are acquired in the completely “categorical” fashion 

explained above.  That is, once learners make the leap from not being able to trill to being 

able to do so, their trills are immediately native-like, with the same physical 

characteristics as those of native speakers on all measures.  Another possibility for 

categorical acquisition is that once learners make the jump to trilling their production 

presents non-native characteristics on at least some measures, and does not improve over 

time.  This result would indicate fossilization of the non-native trill.  A further possibility 

is that learners do make improvement after acquiring the ability to trill, indicating 

gradient acquisition.  Their trills might begin with non-native characteristics that grow 

more native-like over time in gradient fashion, in the way described for voice onset time 

and vowels.  Of course, it is possible that given enough different measures on which to 

collect data, a combination of these results is possible. 

Thus, significant differences are predicted in trill production between native and 

non-native speakers.  These differences relate on the one hand to the frequency of trilling 

and the sorts of non-target realizations that learners produce, and to the physical 

characteristics of trills produced by these speakers when trills are the realization of the /r/ 

phoneme on the other.  Several kinds of acquisition are posited as well. 
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2.0  EXPERIMENT 1:  FREQUENCY OF TRILLING IN L2 SPANISH 

LEARNERS 

2.1. Introduction and purpose. 
 

The first experiment is a broad survey designed to determine the proportion of learners at 

each level who are able to produce the trill and how much variability they demonstrate in 

realizations of a trill target.  This could lend insight into the possibly “categorical” nature 

of L2 segment acquisition, in the sense that it yields a percentage of learners at each level 

who can produce trills at least some of the time.  Misarticulated trills can surface as a 

transferred English rhotic /®/, a tap /R/, or some sort of sibilant (perhaps /S Z/), 

approximant, or other consonant, but they will not be a trill.  As discussed in Chapter 1.1, 

this is in contrast to segments such as stops where articulatory inaccuracy could still very 

well produce a stop, but with a nonnative voice onset time, or vowels with non-native 

target formant frequencies, for example.  Rather, in this study, by looking at learners 

across levels of proficiency, it is possible to gain insight into the jump from not trilling to 

trilling.  This makes it possible to gauge the rate at which students advance in their 

acquisition of the trill as they progress through various levels of proficiency.  This 

experiment is also useful for identifying learners able to produce the trill relatively often, 

and was used for the purpose of including them in Experiment 2, which focuses on the 

physical properties trills produced by L2 learners.   
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2.2. Methods 

2.2.1. Subjects 

Recruitment of subjects was carried out through Spanish courses at the University of 

Arizona.  Adult non-native speakers of Spanish whose first language was English were 

recruited as subjects from each of the following levels: Spanish 101 (First Semester 

Spanish); Spanish 202 (Fourth Semester Spanish); any of several 300- and 400-level 

courses (Intermediate Spanish, varying course content); and courses at the graduate level, 

teaching assistants for Spanish courses and other holders of at least a B.A. in Spanish 

(Table 2.1 below).  The number of learners with substantial immersion experience was 

determined in the oral questionnaire.  Substantial immersion here is taken to mean a 

minimum of six consecutive weeks in a Spanish-speaking country as part of a language-

centered study program, carrying out missionary work or in residence.  Native speakers, 

described below, were recruited as well.  A note on the terminology used to refer to 

subject groups is in order: despite the fact that native speakers are not language learners 

per se, in the way that the non-native subjects are, the native speaking “level” is referred 

to throughout this project as one of the five “learner-levels” under study. 
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Subject 
Group/Level 

Group 1 
SPAN 101 

Group 2 
SPAN 202 

Group 3 
Intermediate 

Group 4 
Advanced 

Group 5 
NS Spanish 

N  subjects 
included 
= 253 

56 60 49 38 50 

N subjects 
excluded  

4 — — — — 

N subjects 
with 
substantial 
immersion 

0 0 30 35 50 

 
Table 2.1.  Number of subjects per group.  Excluded subjects are subtracted from the total. “NS” 
refers to “Native Speakers.” 
 

All four groups of non-native subjects were native speakers of North American 

English, and all had begun their learning of Spanish after puberty.  In order to maintain 

consistency of native English dialect, data for four first-semester speakers of non-

American was excluded from the study.  One excluded speaker was Australian, one was 

British, one was a native of Korea who came to the United States at age sixteen, and 

another was a heritage speaker of Spanish.   

In addition to determining proportion of trilling by learner-level and identifying 

subjects who were able to produce the trill so they could be asked to participate in the 

second experiment, immersion exposure in L2 within levels was controlled, using the 

definition of immersion given above.  An original consideration of the study was that 

study-abroad experience should be controlled for within each level of study, since more 

advanced language students have generally studied abroad and beginning ones have not, 

and study abroad provides substantial natural language input.  This was to be done by 

including at the two lowest learner proficiency levels only those subjects who had never 
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studied Spanish abroad, and at the two highest learner-levels only subjects who had 

studied abroad for a period of at least six weeks, in order to reduce variability among 

subjects within groups.  However, it was difficult to locate enough subjects in the 

intermediate and advanced levels who had studied abroad, especially at the intermediate 

level.  Missionary work in a Spanish-speaking country was later included in the same 

category as study abroad, since it provided learners with natural language input in 

Spanish on a daily, routine basis.   

For the lowest two proficiency levels, it was unproblematic to insist on including 

only those who had not lived in a Spanish-speaking country or studied Spanish abroad, as 

not one subject of the sixty claimed to have done either of these things.  However, upon 

analyzing the data from the oral questionnaire in Experiment 1, it was found to be 

impossible to include only subjects in the two highest learner groups who had appreciable 

immersion experience abroad because too high a percentage in both groups did not have 

such experience. In the intermediate level group, 30 of 49 subjects had studied and/or 

resided in a Spanish-speaking country and 17, or 38.7% of the group, had not, leaving too 

few subjects with experience abroad to form an appropriately sized subject group on their 

own.  In the advanced level group, 3 subjects of the 38 recorded had done neither of these 

things.  This represents less than 8% of the group, but because this group had the smallest 

quantity of subjects in it, it was later deemed preferable to include all subjects in both 

groups regardless of immersion experience and not attempt to control for experience 

abroad.  Thus, no subjects in the first and fourth-semester groups had immersion 

experience, while 30 of 49 intermediate subjects and 35 of 38 advanced subjects did.  
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Non-native speaking subjects were classified by proficiency level according to the course 

they were currently enrolled in.  Because of the large number of subjects in the study, it 

was not possible to perform detailed proficiency testing on them of the sort found in the 

Oral Proficiency Interview, developed by ACTFL, the American Council for the 

Teaching of Foreign Languages.  Therefore, it was decided that the most practical way to 

group subjects was according to current enrollment, with the intention to exclude subjects 

if their oral questionnaire revealed that they had studied more Spanish than is usual for 

their level.  However, this step proved unnecessary as no student was found to be 

enrolled in a course that was clearly below his or her level.  One potentially negative 

consequence to this classification is that it could ignore learners at the intermediate level 

who have had immersion experience and whose proficiency level is perhaps closer to that 

of an advanced learner without immersion.  That is, one might think that intermediate-

level subjects who have immersion experience could in fact be similar to advanced-level 

learners, and that the difference between the two experimental groups lies in academic 

standing (undergraduate vs. graduate) rather than in their actual proficiency.  However, 

only three of the 38 advanced subjects did not have immersion experience, so it can be 

assumed that if immersion generally produces salutary effects on learner proficiency, and 

that learners considered to be advanced will perform differently than those considered to 

be intermediate, then the averages obtained for the advanced learners should differ from 

those of the intermediate learners and the differentiation of these subjects should be 

reliable.  Furthermore, the nature of the courses from which advanced-level speakers 

were recruited makes it unlikely that a large number of “true intermediate” speakers 
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would be found in those classes.  These courses are graduate-level content courses in 

literature, linguistics and cultural studies, and graduate students tend to have more contact 

in Spanish on a daily basis than undergraduates, which both places in evidence their 

higher level of proficiency and reinforces it.  Another way of stating the difference 

between intermediate and advanced-level learners is that intermediate-level learners 

largely would not possess a level of Spanish that would qualify them to be teaching 

assistants in Spanish if they happened to be graduate students.  Non-native speaking 

graduate students also tend to have more interaction with native speakers in graduate 

courses than is the case for non-native undergraduates in intermediate-level courses, as 

native and heritage speakers generally take intermediate-level courses in discrete skills 

such as conversation, composition, and even phonetics and pronunciation in courses 

specially designed for native and heritage speakers, leaving them out of most 

intermediate-level courses except upper-division content courses.  Thus, the advanced 

speakers recruited from graduate-level courses can be said to be on the whole more 

proficient Spanish speakers than intermediate-level speakers, even those intermediate-

level speakers with immersion experience, by dint of the greater amount of interaction 

that advanced speakers have had in Spanish. 

For the native speaker comparison group, it was preferable to work with Mexican 

Spanish.  This is primarily because of the trill’s status as the predominant rhotic in 

Mexican Spanish, as nearly all dialects of Mexican Spanish are trilling varieties, although 

other realizations of /r/ occur (Hammond 1999, 2000).  Another important reason for 

choosing Mexican Spanish as the dialect of comparison is the fact that Mexican Spanish 



   69

predominates in classroom teaching at the University of Arizona. The proximity of the 

institution to Mexico and the predominance of Mexican Spanish in Arizona make 

Mexican Spanish a de facto standard dialect for this region, and the dialect which is far 

and away the most likely to be encountered on a regular basis by learners.   For this 

reason I chose to measure native speakers of this dialect as comparison subjects and 

compare the L2 data against the L1 data of this dialect.   

Large numbers of subjects were sought for each subject level because of the high 

degree of individual variability expected in subjects’ trill production, as well as because a 

great deal of variability can be expected in whether subjects can trill or not, especially at 

the lower learner-levels.  That is, a large enough experimental population was necessary 

to evaluate learning-level effects reliably despite the large expected individual variability 

in trill production.  This is because different speakers must be used for each learning 

level, as this was a between-subjects design rather than a longitudinal study.  

Consequently, as large a sample as possible was necessary to make sure that variability 

within levels was accurately represented.   

The first-semester students are of interest in order to determine if any of them 

were able to produce the trill at all.  The second group, Spanish 202, is of interest because 

it is the terminal semester of the four-semester Basic Language requirement at the 

University of Arizona.  It is therefore of interest to determine the characteristics of this 

group’s competence in L2 upon completion of the university’s language requirement 

when students meeting this requirement are in some sense “turned loose” with a 

presumed level of competence in their chosen second language.   
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The 300-level group is of interest because they are considered “intermediate” in 

proficiency, and the overwhelming majority of students at this level are majors or minors 

in Spanish and therefore can be presumed to have some degree of personal or 

professional motivation to master the language and undertake more in-depth study of it.  

Subjects from the fourth group are considered “advanced,” having more than three or 

four years of coursework, and are fluent speakers.  These are likely the speakers of 

greatest interest to the first objective of this project, namely, to see if and how highly 

proficient non-native speakers’ production differs from that of native speakers.  It is 

known from Flege (1991, 1995) that L2 stop consonants judged native-like by native 

speakers nonetheless show different VOTs than native stops, but the difference is not 

enough to identify the speaker as a non-native speaker of the language.  The speakers in 

Flege’s studies have all been long-time speakers of the L2, typically with over 10 years’ 

residence in the country in which the L1 is spoken.  Given that even speakers whose 

production in some feature of the grammar may be judged to be native-like can pattern 

differently in that feature from native speakers, it is reasonable to ask if this could also be 

the case with trills.   

 Spanish speakers who were born in Mexico but came to the United States before 

the age of fourteen were not included in the native speaker group.  In spite of the fact that 

these Spanish speakers are “native” speakers in the sense that Spanish is the first 

language they learned, and they may even continue to use it in a wide variety of 

activities, they are at the same time “heritage” speakers.  Heritage speakers of a language 

are considered to be those speakers of a language other than English, such as Spanish in 
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the United States, who learned that language during childhood and who perhaps use it in 

the home but whose use of that language may be limited to certain domains such as 

family, church, social circles, and possibly employment (Valdés 2000, 2001).  While 

heritage speakers of languages are often highly proficient in their heritage language, such 

speakers commonly exhibit grammatical and lexical differences in their use of the 

heritage language when compared with speakers who were born and raised to adulthood 

or at least beyond puberty in a country where the language is the predominant language 

in society (Valdés 2001).  It is possible that heritage speakers’ production presents 

significant differences when compared to the production of speakers who grew up 

speaking Spanish in a monolingual setting.  Thus, the inclusion of heritage speakers of 

Spanish in the experimental comparison group of native speakers of Spanish who were 

raised in Mexico at least until puberty could possibly have confounded what may well be 

two distinct groups of speakers.   

 

2.2.2. Materials 

Subjects read aloud a word list containing 124 Spanish words, 36 of which contained the 

trill and tap in three phonological environments of interest.  The phonological 

environments were word-initial/post-pausal, intervocalic, and post-consonantal.   The 

post-consonantal condition was also word-initial, with the phoneme /r/ beginning the 

word, following a word ending in the nasal consonant –n (e.g., son rojos, ‘they are red’).  

A total of 36 test words were included in the list, one from each phonological condition 

(see Table 2.2).  28 test words contained a target trill and eight contained a target tap.   
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For each phonological environment there were 8-10 items, with following vowel 

and stress location controlled.  The number of items varies depending on which 

combinations of following vowel and stress position are possible or common in Spanish.  

For example, there were ten test items in the word-initial, post-pausal condition: five with 

the trill occurring as the onset of a stressed syllable and five with the trill occurring 

pretonically.  There were only eight test words for intervocalic condition: five when trill 

was the onset of a stressed syllable, but only three when the trill occurred in a posttonic 

syllable, because of the relative scarcity of Spanish words ending in unstressed –u  and  

–i.   

To control for any possible effect exerted by the vowel following /r/ or /R/, the 

word list contained words in which the vibrant is followed by each of the five  Spanish 

vowels /i e a o u/, for example, rancho, racha, raza; reto, reza, resto; riña, rifa, rico, etc.  

As mentioned earlier, stress was also controlled in these materials (see Table 2.2).  For 

example, the vibrant in the sample words above occurs as the onset of a stressed syllable.  

In addition to the word initial contexts in stressed syllables seen above,  /r/ was also 

tested in unstressed syllables, as in relajo “laxness,” rosado “pink,” rijoso “quarrelsome” 

(for ease of exposition, stressed syllables are underlined in these examples, as stress does 

not always fall on the same syllable).  In the intervocalic contexts, /r/ and /R/ were tested 

at the beginning of stressed and unstressed syllables.  The stressed vowel was controlled 

and equal numbers of words containing each of the five stressed vowel were included on 

the list.   
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Fillers were used to minimize the possibility that subjects would notice that /r/ 

was the focus of the study and consciously attempt to pronounce the segment in a certain 

way.  That is, since the Spanish /r/ is known to be so problematic for L2 learners, it was 

thought necessary to avoid calling subjects’ attention to the /r/ so they would not 

exaggerate their productions of it, or pronounce it in a way that differs from how they 

produce it normally.  Thus, 88 filler words were used, for a total of 124 words on the list.  

The list contained at least one r-less filler word before each test word as well, so that 

speakers would not be recovering from making a trill when attempting to produce the 

next target word.  Filler words contained no more than three syllables, and did not 

contain either of the Spanish vibrant consonants: the simple alveolar vibrant, or tap—/R/, 

or the trill /r/.  Only one item per condition (as defined by phonological environment, 

stress position, and following vowel) was used in Experiment 1, because the objectives 

were simply to quantify the percentage of learners at each level who are able to produce 

the trill by level and to identify subjects who are able to produce the trill.    

The following Table 2.2 provides a summary of the phonological environments 

under study:  

 
 



   74

Stress Stressed σ Unstressed pre-tonic σ Unstressed post-
tonic σ 

Pos. Word Initial Word Medial Word Initial Word Medial 
 Post-
pause 

Post-
consonant 

Inter-
vocalic 

Inter-
vocalic 

Post-pause Post-
consonant 

Inter-
vocalic 

Inter-
vocalic 

Target Trill Trill Trill Tap Trill Trill Trill  Tap  
Env. a.   

#/r/ »»»»v 
b.  
C.#/r/»»»»V 

c.  
V./r/ »»»»V 

d.  
V./RRRR/»»»»V 

e. 
#/r/V.(C) »»»»V 

f.  
C./r/V... »»»»V 

g.        
»»»»V./r/V  

h.        
»»»»V./RRRR/V 

/a/ rata  
‘rat’  

en rajas 
‘in strips’ 

parranda 
‘partying’ 

tarado 
‘dunce’ 

rayado 
‘striped’ 

son 
rajables 
‘they can 
be sliced’ 

jarra 
‘jug’  

para 
‘stops’ 

/e/ reza 
‘prays’ 

con 
reglas 
‘with 
rules’ 

terreno  
‘terrain’ 

pareja 
‘couple’ 

relajo 
‘relaxation’ 

son 
refinos 
‘they are 
very fine’ 

corre 
‘runs’ 

pare 
‘stop’ 

/i/ río 
‘river’  

un rito 
‘a rite’ 

carrito 
‘little 
car’ 

perico 
‘parakeet’ 

ridículo 
‘ridiculous’ 

un rijoso 
‘a 
brawler’ 

  

/o/ rompe 
‘breaks’ 
’tears’  

están 
roncos 
‘they are 
hoarse’ 

derrota 
‘defeat’ 

corona 
‘crown’ 

rosado  
‘pink’  

un 
romance 
‘a novel’ 

sarro 
‘plaque
’  

puro 
‘pure’ 

/u/ ruge 
‘roars’  

un rublo 
‘a ruble’ 

corrupto 
‘corrupt’  

Perú 
‘Peru’ 

rumboso 
‘sumptuous’ 
‘lavish’ 

salen 
rugientes 
‘they 
come out 
roaring’ 

  

 
Table 2.2. Table of phonological environments for tap and trill, with sample items.  Shaded boxes 
indicate very rare contexts in Spanish, which are excluded from the study. 
 

Word-final position was avoided, as even native pronunciation in this 

environment is highly variable between the tap, trill, elision and various assibilated 

consonants (Hammond, 1999).  The word-medial, post-consonantal trill that appears in 

words like alrededor “around” and enredo “tangle” was also avoided because of the 

relatively small number of Spanish words containing this structure.  The post-consonantal 

structure was tested in stressed syllables (Table 2.2, column b) and pretonic syllables 

(column f), in both of which /r/ is word-initial following a final consonant in the 

preceding word.   This allowed for testing the post-consonantal /r/ condition, as well as 
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for testing of word-initial, non-utterance-initial /r/.  Because few codas other than /s/, /d/, 

/l/ and /n/ are common in Spanish, /n/ was used as the final consonant in constructions 

like un rugido, “a roar.”  The nasal coda /n/ was considered to be the best consonant to 

use because of reasons pertaining to Experiment 2, test items with preceding /n/ were 

created for Experiment 1 as well.  Using /s/ in addition to /n/ would have allowed for a 

considerably larger set of lexical items from which to choose test items, since it is the 

most frequent coda in Spanish, but it was considered best to avoid to place /s/ in contact 

with the trill in this study in order to use words with the same kinds of structures in 

Experiment 2 as in the present experiment wherever possible.  This is because production 

of /s/ might have exerted an effect on oral air pressure and especially on air flow that 

could have carried over from the sibilant to the trill, confounding flow and pressure 

measurements.  Words with a voiceless consonant onset in the syllable preceding the 

syllable containing /r/ (perico “parrot,” corona “crown”) were included in the Experiment 

1 word list because they could be used unproblematically in Experiment 1.  However, 

they were avoided in Experiment 2, because of the possibility that native English 

speakers would transfer aspiration of these consonants in syllable-initial position from 

English, possibly producing excess airflow that might carry over to the production of the 

trill, confounding airflow measurement.   

As mentioned above, the word list contained words with the alveolar tap /R/ only 

intervocalically, where it contrasts with the trill.  This environment is represented in 

Table 2.2 above for the words with intervocalic target trills by columns c (intervocalic in 

stressed syllable) and g (intervocalic in posttonic syllable), and for words with 
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intervocalic taps as targets in columns d (intervocalic in stressed syllable) and h 

(intervocalic in posttonic syllable).  The tap does not occur as a target phoneme in 

contrast with the trill in the environments shown in columns a, b, e or f, as these are all 

word-initial contexts.  The tap does occur phonemically in post-consonantal position 

within words, but not word-initially. Words in which trill and tap were the targets were 

included on the same list, with stress and neighboring vowel controlled.   

 

2.2.3. Procedures 

The experimental word list was read aloud by subjects, and the readings were recorded 

directly to hard drive using the PRAAT speech analysis software program, version 4.3 

(Boersma and Weenink 1992-2005).  All test words and fillers were presented to subjects 

in a single pseudo-randomized list.  At least one filler containing no /r/ or /R/ appeared 

immediately before each target item.  Subjects said each word in isolation. 

Testing of subjects in the non-native groups was conducted during the time when 

their Spanish classes convened.  With the consent of instructors, subjects were invited to 

step out of their Spanish classrooms for a short time (between six and ten minutes for 

each subject).  Native speakers and advanced speakers, who were contacted mainly via e-

mail, were tested at a time and in a convenient location with a minimum of background 

noise, as they were not enrolled in any Spanish courses.  Subjects were given an oral 

questionnaire concerning their patterns of language use, as well as concerning any 

experience residing, working or studying abroad they may have had.  The oral format for 

the questionnaire allowed for follow-up questions designed to elicit the most explicit and 
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precise responses.  Subjects were also asked whether they were willing to participate in 

future experiments related to this one.   

Subjects that were recruited from classes were recorded in the hallway or in a 

nearby space outside their classrooms without excessive background noise as they read 

the randomized Spanish word list into a high-quality head-mounted microphone attached 

to a laptop computer.  All subjects were given a candy bar as compensation for their 

participation.   

As mentioned above, the primary objective of this first experiment was simply to 

ascertain how often learners are able to produce the trill according to level, not to gather 

detailed acoustic information on learners’ production.  At the same time, results from this 

experiment were used to identify potential subjects for Experiment 2.  It is for this reason 

that the hallway setting for recording was considered adequate to allow for acceptable 

sound quality, since the recordings of the second experiment were intended to be the ones 

most closely analyzed for detailed acoustic information as well as all aerodynamic 

information.  Furthermore, because this first experiment required large numbers of 

subjects at each learner-level, it was highly undesirable, if not logistically impossible, to 

record subjects in the laboratory setting.   

A pilot recording was conducted in three hallways of the Modern Languages 

Building at the University of Arizona, where the majority of this recording was to take 

place.  The results indicated that satisfactory recording quality could be obtained there 

with a high quality head-mounted microphone, since the head-mounted microphone used 

was positioned approximately one and one-half inch from the subjects' mouth, far closer 
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to the mouth than to any other noise sources.  As can be seen in the spectrographs and 

waveforms of native and non-native Spanish speakers in Figures 2.1–2.5, the microphone 

and locations used for recording did not pick up excessive background noise that made 

identification of test tokens difficult or impossible.  Figure 2.1 shows a spectrograph and 

waveform of a native Spanish speaker pronouncing tasa [t5á.sa] “cup,” to demonstrate 

further that recording conditions did not produce excessive noise.  The ease with which 

the high frequency, aperiodic strident noise of voiceless [s] is distinguished from the grey 

background produced by ambient noise indicates that the recording procedures allowed 

for efficient and clear recording.    

 
 
            t          a                         s                         a  
Figure 2.1.  Waveform and spectrogram of taza "cup", produced by a native speaker.  High 
frequency sibilant noise of /s/ is indicated by the arrow. 
 

Again, the primary purpose for this experiment was not to undertake fine-grained 

analysis of phonetic detail, but to ascertain the proportion of subjects who were able to 



   79

pronounce the trill at each level; as shown, this recording technique proved more than 

adequate for this purpose.  These figures are repeated with the same figure numbers in 

Section 2.2.4 for easy reference. 

 
 

 

                        k                  o                                      r                                e 

Figure 2.2. Waveform and spectrogram for corre ‘runs’, produced with a three-closure trill by a 
native speaker of Mexican Spanish.  The arrows indicate periods of low amplitude in the waveform 
corresponding to individual taps, or closures, of the trill, when the tongue makes contact with the 
alveolar region. 
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          p           e                 R                  i                                    k               o 
Figure 2.3.  Waveform and Spectrogram of perico “parrot”, produced by a native Spanish speaker 
with the expected tap /RRRR/ in intervocalic position. 

 
 

 
 
            k                      o                           r                        e 
 
Figure 2.4.  Waveform and spectrogram of corre, ‘runs’, produced with a two-tap trill by a first-
semester learner.  Note the higher amplitude in the second tap, indicating an incomplete closure, 
which nevertheless produced a clear multiple vibrant consonant. 
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            k                                o                           ®                             e 
Figure 2.5.  Waveform and spectrogram of corre ‘runs’, produced with American /®®®®/ by a first-
semester learner.  There is a large drop in F3 (indicated by the arrow), characteristic of /®®®®/, but no 
large drop in amplitude as seen in the closures of the trills and the tap in Figures 2.2-2.4.   
 
 
 
 

2.2.4. Data Analysis  

The data were analyzed for two primary purposes:  1) to examine productions when trill 

is the intended target (phoneme trill, section 2.3.1 below), and 2) to compare speakers' 

productions for the target trill vs. the target tap (to determine ability to make this 

phonemic distinction, section 2.3.2 below).  Target items were analyzed by examining 

waveforms and by the author’s own perception of accuracy.  Each production of the 

target /r/ or /R/ was classified as a trill, a tap, an American English /®/ sound (an 

approximant rhotic), or “other,” meaning any other realization that did not fit the main 

categories above.  “Other” included retroflexed-sounding approximants that were clearly 
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not the American English /®/, fricated or assibilated approximants, and other realizations 

of /r/.  The proportion of each variant that occurred (trill, flap, American English /®/, 

“other”) was calculated for each subject in each phonetic environment under study—

word-initial post-pausal, post-consonantal and intervocalic.  This was done both for items 

with the trill as the target and items with the tap as the target.   

 Figures 2.2-2.5, which appeared in the previous subsection and are repeated 

below with the same numbers, show sample waveforms and spectrograms of test items 

containing trills by native and non-native speakers, as well as waveforms and 

spectrograms of a test item containing a target tap, and a non-target American [®] where 

trill was the target.   The arrows indicate the low amplitude periods, which indicate the 

contact made by the tongue against a passive articulator (in this case the alveolar region) 

in trills and taps.  In the context of this project, the term “tap” is used to mean both the 

individual contacts occurring as part of a trill, as well as the Spanish simple vibrant 

phoneme /ɾ/.  Waveforms were examined for the presence of repeated dips in amplitude 

indicative of trilling.  If a waveform showed two or more large dips of this kind, the 

segment was classified as a trill (Figures 2.2 and 2.4; Figures 2.2-2.5 are repeated below 

for easy reference within this section).  If it showed only one, it was classified as a tap 

(Figure 2.2).  If the waveform of the segment contained no such drop in amplitude and its 

spectrogram showed a large drop in F3, typical of American /®/, that segment was 

classified as American /®/ (Figure 2.5).   
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                        k                  o                                      r                                e 

Figure 2.2. Waveform and spectrogram for corre ‘runs’, produced with a three-closure trill by a 
native speaker of Mexican Spanish.  The arrows indicate periods of low amplitude in the waveform 
corresponding to individual taps, or closures, of the trill, when the tongue makes contact with the 
alveolar region. 
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          p           e                 R                  i                                    k               o 
Figure 2.3.  Waveform and Spectrogram of perico “parrot,” produced by a native Spanish speaker 
with the expected tap /RRRR/ in intervocalic position. 

 
 

 
 
            k                      o                           r                        e 
 
Figure 2.4.  Waveform and spectrogram of corre, ‘runs’, produced with a two-tap trill by a first-
semester learner.  Note the higher amplitude in the second tap, indicating an incomplete closure, 
which nevertheless produced a clear multiple vibrant consonant. 
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            k                                o                           ®                             e 
Figure 2.5.  Waveform and spectrogram of corre ‘runs’, produced with American /®®®®/ by a first-
semester learner.  There is a large drop in F3 (indicated by the arrow), characteristic of /®®®®/, but no 
large drop in amplitude as seen in the closures of the trills and the tap in Figures 2.1-2.3.   
 
 
 
 

For each speaker and each phonological environment, the proportion of the 8-10 

tokens in which the target /r/ was realized as a trill was calculated.  Similarly, the 

proportions of these tokens that were realized as a tap and as American /®/ were 

calculated.  As previously mentioned, tokens which could not be classified as trills, taps 

or American /®/ were classified as “other.”  While test words were chosen such that they 

conformed to the stress conditions and following vowel conditions described below, these 

factors were not analyzed, as there was only one token per condition.  Test items were 

chosen this way in order to have an equal number of representative test items.  
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The data were submitted to statistical analysis using the SPSS statistics software 

package.  For the items with trill as the target (section 2.3.1), an Analysis of Variance 

(ANOVA) was carried out on the dependent variable of the proportion of tokens realized 

as trills.  Each ANOVA had learner-level (First-Semester, Fourth-semester, Intermediate, 

Advanced, and Native Spanish Speaker) as a between-subjects factor and phonological 

environment (position of segment in the word: Word-Initial Post-Pause, Intervocalic, 

Post-Consonant) as a within-subjects factor.  ANOVAs were also carried out on target 

trill items with dependent variables of proportion realized as tap and proportion realized 

as American /®/, the results of which are discussed below.  For the analysis comparing the 

trill vs. tap phonemes (section 2.3.2), only the intervocalic environment can be used, as 

that is the only environment in which the two rhotics contrast.  For this data, an ANOVA 

was carried out with learner-level as a between-subjects factor (with the same five levels 

as above) and target phoneme (trill, tap) as a within-subjects factor. 

 

2.2.5. Predictions  

It is expected that as proficiency level increases, so will the percentage of subjects who 

are able to produce the trill and the proportion of tokens in which they are able to produce 

it.  It is possible that very few of the first semester students can trill at all, while the great 

majority of the most advanced speakers likely will be able to produce a trill.  Another 

prediction is that learners will produce the trill more consistently in certain phonological 

environments than in others.  For example, it could be that learners are able to trill more 

frequently when the trill occurs in intervocalic position because the air is already flowing 
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from the lungs and the articulators are already in motion.  It is also possible that they will 

trill more in the post-pausal, word-initial environment, as a greater amount of pressure 

might have been allowed to build up behind a given oral constriction during the pause, as 

the tongue is freer to adopt the necessary position for trill initiation.   A third possibility is 

that trills in post-consonantal position may be easier for learners.  With the constriction 

from the consonant /n/ already in place, pressure builds as the velum rises, and air is no 

longer able to escape via the nasal cavity. 

 It can also be predicted that at lower levels most learners fail to distinguish 

between the tap and the trill.  It is possible that less proficient speakers do not perceive 

the difference between the two consonants and thus do not attempt to produce it.  They 

could perceive one rhotic for both, and produce both phonemes as /R/ or as /r/.  A further 

possibility is that even those who perceive the difference between the two vibrants cannot 

produce the trill, and instead produce the tap for both because the tap is articulatorily less 

difficult than the trill, for the reasons discussed in the preceding paragraph.  Thus, it can 

be predicted that the alveolar tap [R] will surface as a common non-target variant at the 

lower levels.  The fact that the alveolar tap exists in American English as an allophone of 

/t/ and /d/ means that even if English speakers are not consciously aware that the medial 

consonant they produce in words like butter and ladder is a tap, they still are perfectly 

able to produce the segment.  While this project is not a perception study, it does aim to 

uncover patterns in the development of trill production in non-native speakers that will 

likely be of interest for future perception studies involving the Spanish vibrants.  To 
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investigate all of these possibilities, learners’ production of the tap and trill targets will be 

compared. 

 

2.3. Results of Experiment 1.  

 
This subsection contains results from the first experiment, on what realizations 

speakers produce in words containing the trill or the tap phoneme.  As explained in the 

Methods section above, subjects were tested on trill production in three phonetic 

environments when trill was the target realization of the trill phoneme.  Productions as 

variants other than the target segment (trill) were also counted.  Frequency of variants 

when tap was the target was also measured.  Figures 2.6–2.8 below show production by 

level in each of the phonetic environments under study when trill was the target.  The 

figures are presented in 2.3.1, rather than in the individual sub-sections below, to 

facilitate comparison across the entire dataset for all words with trill as target. 

 

2.3.1. Analysis of trill production when trill is the target segment. 

This subsection analyzes learner production when the word should contain a trill.  

The proportion realized as each of three realizations—trill, tap and American /®/—are 

analyzed in turn. 

The proportion of trill targets produced as each realization is analyzed below 

using an overall ANOVA and a set of post hoc interaction comparisons.  The overall 

ANOVA for each dependent variable (proportion of trill targets realized as each variant) 

used two factors, learner-level (with the five levels described above, a between-subjects 



   89

factor) and phonological environment (a within-subjects factor, with the levels initial, 

medial, and post-consonantal).  For each dependent variable (proportion realized as each 

variant), the interaction comparisons use the same two factors, but only a subset of the 

learner-levels.  The levels to include in these interaction comparisons were chosen to test 

the timing of particular changes in how speakers realize trill targets, that is, to test 

changes in the kinds of realizations learners produce at the various levels of increasing 

proficiency under study.  It also can serve to confirm that learners fail to progress in their 

trilling between certain levels.  Only the proportions realized as trill, tap, and American 

English /r/ are analyzed, not the proportion realized as "other" variants.  This is because 

the proportion realized as "other" is relatively small, and because it is necessary to 

maintain independence of the data across dependent variables, as proportions must total 

to 1 if the proportion "other" is also included. 

In Figure 2.6 below, frequency of trilling is very low at the two lowest learner-

levels.  American /®/ predominates overwhelmingly in word-initial position, and is also 

highly frequent in intervocalic position, but its use is reduced drastically at the 

intermediate level.  Curiously, as the frequency of trilling increases heavily at this level, 

non-target production of the tap also rises considerably through the intermediate learner-

level.  Advanced speakers appear to have attained a trilling frequency close to that of 

native speakers in this phonological environment.  Visual inspection of the figures show 

that native speakers do not even attain 100% trilling, producing one of the “other” 

realizations between about 7% and 25% of the time.  Statistical tests of these patterns are 

presented in Section 2.3.1.1. 
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Figure 2.6.  Results for word-initial position, with trill as target.  Proportion of tokens produced as 
each variant, for each learner-level.  Data are for students in first semester Spanish courses (“1st 
Sem.”), fourth semester (“4th Sem.”), intermediate Spanish courses beyond that (“Interm.”), 
advanced non-natives (“Adv.”), and native Spanish speakers (“NSS”).  The proportions realized as a 
trill, a tap, an American English approximant /®®®®/ or some other variant are shown.     

 

 
In Figure 2.7 below, which shows data for target trill in intervocalic position, we 

see that tapping is far more common in this environment than American /®/ at the lowest 

two learner-levels.  This is in contrast to what was observed in Figure 2.6 for word-initial 

post-pausal position and in Figure 2.8, below, for post-consonantal position. Tapping is 
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reduced considerably at the intermediate level while trilling increases drastically, and 

American /®/ is nearly eliminated.  At the advanced level American /®/ is eliminated in 

this phonological environment but trilling still occurs at a considerably lower frequency 

than in native speakers. 
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Figure 2.7. Production by level in intervocalic position, with trill as target.  See Figure 2.6 for details. 
 

 

In Figure 2.8 below we see the data for trill as the target in post-consonantal 

position.   
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Figure 2.8.  Production by level in post-consonantal position, with trill as target.  See Figure 2.6 for 
details. 

 

In word-initial, post-pausal position, American /®/ is by far the predominant 

realization at the two lowest learner-levels, and undergoes a drastic reduction in 

frequency at the intermediate level, where not only trilling but non-target tapping 

increase.  At the advanced level, trilling frequency is still well below that of native 

speakers, and non-target tapping still occurs in over 20% of tokens.  Statistical tests of all 

of these patterns appear below. 
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2.3.1.1. Proportion realized as trill  

2.3.1.1.1. Overall and follow-up ANOVAs 

Two-factor overall ANOVAs using the design described above (section 2.2.4) were 

carried out with the proportion of productions realized as trills as the dependent variable 

in environments where trill is the expected, target segment.  The main effect of 

phonological environment, or the position of the rhotic in the word, was significant 

(F(2,496) = 88.296, p < .001), as was the main effect of learner-level (F(4,248) = 

105.258, p < .001).  The interaction of phonological environment and learner-level was 

also significant (F(8,496) = 6.908, p < .001).   

ANOVAs were run to determine whether there was any significant simple effect 

of learner-level on trill production as the dependent variable in trill-target environments, 

with learner-level as the between-subjects factor.  This test is of interest because it 

indicates whether successful trill production increases as proficiency level increases.   

In word-initial, post-pausal position (#__), the simple effect of learner-level was 

significant (F(4,248) = 63.817, p < .001).  Significance was also obtained in intervocalic 

(V_V) position (F(4,248) = 86.389, p < .001), and in the post-consonantal (C./r/) position 

(F(4,248) = 88.664, p < .001).  This indicates that the proportion of tokens produced 

successfully with a trill, where trill is the target, indeed increases significantly as learner 

proficiency level increases, in all three phonological environments.  The significant 

interaction of learner-level by phonological environment thus indicates that the timing 

and degree of learner's progress toward trilling differs across the three environments, 

even though learners do make significant improvements in trilling in all environments.. 
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Simple effects of phonological environment for each learner-level were also 

analyzed and found to be significant for all five learner-levels: Level 1 (First-Semester): 

F(2,110) = 11.035, p < .001; Level 2 (Fourth-Semester: F(2,118) = 11.372, p < .001; 

Level 3 (Intermediate): F(2,96) = 33.08, p < .001; Level 4 (Advanced): F(2,74) = 12.388, 

p < .001; Level 5 (Native Spanish): F(2,98) = 25.33, p < .001.  Thus, the proportion of 

/r/s realized as trill differed significantly by phonological environment for each level, 

even for native speakers.  Overall, all speaker levels tended to produce target trills more 

often in intervocalic position than in the other two environments.  Although it is not 

typical to test the simple effects of both factors, as is done here, the simple effects of both 

learner-level and phonological environment provide useful information in this case. 

  

2.3.1.1.2. Interaction comparisons. 

An interaction comparison using the same two factors, but only the first and fourth 

semester learner-levels, was carried out to determine whether learners make any progress 

toward acquiring the trill during the four-semester duration of language study required for 

university general education requirements.  It was expected that learners would 

demonstrate clear progress toward acquisition of the trill by the fourth semester. 

The main effect of phonological environment was significant, F(2,228) = 22.011, 

p < .001, but the main effect of level was not: (F(1,114) = .758, p > .1.  The interaction of 

level and phonological environment was not significant (F(2,228) = .699, p > .1), 

obviating the need for analysis of simple effects.  Thus, fourth semester learners did not 

differ from first semester learners in the frequency with which they successfully produced 
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trills, contrary to expectations, although both groups trilled most often in intervocalic 

environment.   

An interaction comparison was also carried out for the fourth-semester group and 

intermediate level to determine if there was any significant difference between learners 

nearing the end of basic language study and those at the intermediate level, who have 

chosen to continue their study of Spanish beyond the general education requirement.  

Figure 2.9 shows the data from Figures 2.6–2.8 that is used in this interaction 

comparison, organized somewhat differently in order to facilitate visual presentation of 

the results of the interaction comparison.  This is a potentially interesting comparison 

because of the difference between the two proficiency levels: as explained above, the 

fourth semester of Spanish is the final semester of this university’s Basic Language 

requirement; after this time it can perhaps be presumed that students successfully 

completing this four-semester sequence of a foreign language possess enough 

communicative ability to interact with sympathetic native speakers.  The third group, 

intermediate level, represents learners who have chosen to continue their pursuit of 

Spanish proficiency beyond the curricular requirements of the university, and are 

generally majoring or minoring in Spanish, or considering becoming Spanish majors or 

minors.  The main effect of level was significant (F(1,107) = 46.868, p < .001, with 

intermediate learners trilling far more often than fourth semester learners.  The main 

effect of phonological environment was also significant at F(2,214) = 48.956, p < .001, a 

reflection of the more frequent trilling in intervocalic position reported above.  The 

interaction of level and phonological environment was also significant at F(2,214) = 
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17.101, p < .001, with the intermediate learners, who trill more often overall, showing a 

greater tendency than the lower-level speakers to trill most often in intervocalic position.  

Because this interaction reflects only a difference in the size of the environment effect, 

and because the simple effects of both phonological environment and learner-level for the 

overall ANOVA above were significant, this interaction will not be pursued further. 
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Figure 2.9.  Results of interaction comparison of fourth semester vs. intermediate learners' trill 
production by phonetic environment.  This data is extracted from Figures 2.6–2.8 above, but note 
that unlike Figures 2.6-2.8, each of which showed means for all realizations in a different 
phonological environment. This graph shows only data for trill realizations, and displays all 
environments. 
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An interaction comparison was performed on trilling by phonological 

environment for the advanced level learners and the native speaker group to see whether 

the most advanced learners have achieved a native-like frequency of trilling.  The data 

from Figures 2.6–2.8 used for this comparison is repeated below as Figure 2.10, with the 

results organized in a different way in order to make clear the pattern that resulted from 

the analysis.   

The main effect of learner-level was significant (F(1,86) = 4.359, p < .05, as was 

the main effect of phonological environment (F(2,172) = 30.728, p < .001.  The 

interaction of phonological environment and level was also significant: F(2,172) = 4.547, 

p < .05.  The simple effect of learner-level for these two groups was not significant in 

word-initial position (F(1,87) = .374, p = .542.  In intervocalic position the simple effect 

of learner-level was not significant, although it was marginal, at F(1,87) = 3.801, p = 

.054.  Only in the post-consonantal position was the simple effect of level significant: 

F(1,87) = 9.083, p < .005.  Thus, near-natives/advanced learners thus trilled statistically 

as often as natives in initial and intervocalic environments, but still trilled less often than 

natives in post-consonantal position.  The figure shows that the advanced learners still 

trilled slightly less often than natives even in initial and intervocalic environment, but this 

effect was not significant. 
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Figure 2.10. Post-hoc comparison of trilling in advanced learners and native speakers.  This data is 
extracted from Figures 2.6–2.8 above, each of which showed means for all realizations in a different 
phonological environment. This graph shows only data for trill realizations, and displays all 
environments. 
   
  

2.3.1.1.3. Individual differences in production. 

In order to see if the apparent large jump in trilling ability observed at the intermediate 

level was due to the average of several learners with very high frequencies of trilling 

together with several learners who hardly trilled at all, a histogram of individual learner 

data was taken.  This was to determine whether the high average obtained for a given 

level was a reliable indication of the group mean, or else was the result of several high-

frequency trillers being averaged with several very low-frequency trillers.  The “jump” to 
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trilling at the intermediate level observed in the ANOVA and represented in Figures 2.2-

2.5 can be seen in Figure 2.11.  Figure 2.11 is a histogram showing how many subjects 

produced what proportion of trills when trill was the target.   
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Figure 2.11. Histogram of trilling proportion by learner-level and phonetic environment.  Bars 
indicate the proportion of learners who are able to trill at the frequency indicated on the y-axis for 
each learner-level.   
 
 
This figure shows that intermediate subjects are distributed rather equally across the 

range of proportions of trilling, indicating that the averages obtained in the ANOVA were 

not due to highly proficient subjects skewing the mean.   
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2.3.1.1.4. Comparison of intermediate-level learners according to language 

immersion  

Figure 2.11 gave an indication that the statistical jump to trilling observed at the 

intermediate level was genuine and not the result of averaging very high and very low-

frequency trilling subjects.  An Anova was done on intermediate-level data with the 

within-subjects factor of environment and a between-subjects factor of whether learners 

had substantial Spanish immersion, as described previously.  Trill mean was the 

dependent variable.  The main effect of phonetic environment was significant at F(2,94) 

= 28.426, p. < .005, but there was no main effect of the between-subjects factor of 

immersion (F(1,47) = 2.234, p. > .05) .  There was a significant interaction between 

phonetic environment and immersion, at F (2,94) = 3.155, p. < .05.  The only significant 

simple effect of immersion was found in intervocalic position, F(1,47) = 5.427, p < .05.  

No significant simple effects were found in the other environments: initial position 

F(1,47) = .806, p > .1 and post-consonantal position F(1,47) = .241, p > 1.    

Figure 2.12 also shows trilling characteristics of subjects in each phonetic 

environment under study according to whether subjects had substantial L2 Spanish 

language immersion experience, but while both figures show largely similar patterns 

between the sub-group that had language immersion and the sub-group that did not, 

Figure 2.12 shows this difference in trilling frequency only in intervocalic position.    It is 

possible that immersion assists learners in improving their pronunciation in environments 

that already are in some sense “easier” to produce in than others.   Regardless of 

immersion experience, learners trill more in intervocalic position than in the other two 
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environments under study, and learners with immersion experience trill considerably 

more in intervocalic position than learners without immersion experience.  The same 

degree of difference was not found for the other environments.   
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Figure 2.12. Analysis of intermediate-level trilling according to whether subjects had L2 immersion 
experience. 
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2.3.1.2. Proportion realized as tap /RRRR/ when trill was the target. 
 
Following the analysis of trill production when trill was the target, it was necessary to see 

if environment and learning level affect the use of variants other than trill (incorrect 

productions) when trill was the target.  The same 2-factor design was used to analyze the 

proportion of tokens realized as tap (and in the subsequent sub-section 2.3.1.3., 

proportion realized as American /®/) as dependent variables.   

 

2.3.1.2.1. Overall and follow-up ANOVAs 

Using the same overall 2-factor design as in the analyses described above for proportion 

of trill production, with phonological environment as within-subjects factor and learner-

level as between-subjects factor, an ANOVA was run with proportion of tapping rather 

than trilling as the dependent variable.  As above, this is evaluated only on words 

containing the trill phoneme, thus those with trill as the target.  The main effect of 

phonological environment was significant (F(2,496) = 31.472, p < .001) as was the main 

effect of learner-level: F(4,248) = 30.398, p < .001.  The interaction between these two 

factors was also found to be significant: F (8,496) = 22.927, p < .001.  This shows that 

tap production for target trill is sensitive to learner-level and phonological environment, 

but clearer patterns will emerge when simple effects are analyzed below. 

The simple effects of phonological environment on proportion realized as tap-for-

trill for each learner-level were significant only for the First-Semester (F(2,110) = 

44.609, p < .001), Fourth-Semester (F(2,118) = 71.743), p < .001) and Native Spanish 

Speaker groups (F(2,98) = 6.547, P < .005), but not for the Intermediate (F(2,96) = 1.400, 
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p = .252) and Advanced levels (F(2,74) = 1.582, p = .213).  This test was necessary to 

determine if the phonological environment in which the segment occurred played a role 

in how often it was realized as a tap at a given level.  Learners at the lower levels 

produced more tap for target trill in intervocalic position than in the other environments, 

while intermediate level learners produced more tap in the two post-pausal and post-

consonantal positions, and reduced their tap-for-trill production. 

The simple effect of learner-level on tap production in target-trill environments 

was significant for all phonological environments: word-initial: F(4,248) = 17.805, p < 

.001; intervocalic: F(4,248) = 35.633, p < .001; post-consonantal: F(4,248) = 19.012, p < 

.001.  Thus, in all three environments, the likelihood of speakers producing tap-for-trill 

changes significantly with learner-level.  Unlike frequency of trilling, use of tap for trill 

does not increase monotonically.  Rather, tap production for target trill rises slightly in 

intervocalic position from first to fourth semester, and in the case of word-initial and 

post-consonantal positions, rises sharply at intermediate level before falling at advanced 

level (Figures 2.6-2.8).   Interaction comparisons below will test these specific changes in 

tapping statistically.  The pattern of increase in tap-for-trill production from first to fourth 

semester in intervocalic position, followed by a precipitous drop in frequency at 

intermediate level is unlike the pattern found with the two word-initial environments, in 

which tap production for target trill increased through intermediate level.  In all cases, tap 

production for target trill decreases heavily at advanced level.   
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2.3.1.2.2. Interaction comparisons 

Post-hoc interaction comparisons were carried out to compare learners’ production of tap 

for trill in intervocalic position from fourth-semester to intermediate level and from 

intermediate level to advanced level.  These tests were of interest because visual 

interpretation of the data appears to indicate that the increase in tapping in this 

phonological environment as learner-level increases could be interpreted as learners’ only 

progress in moving away from American /®/ to trilling.   

Unlike the decrease seen in American /®/ from lowest to highest learner-levels 

(Section 2.3.1.3), or the increase in trilling from lowest to highest learner-levels 

(2.3.1.1.1), the pattern observed here is not monotonic; that is, tapping when trill is the 

target increases only through the intermediate level and then decreases at the advanced 

level.   

Analysis of tap-for-trill production from fourth semester to intermediate level 

showed a significant main effect of phonological environment at F(2,214) = 20.837, p < 

.005.  There was no significant main effect of learner-level as a between-subjects factor at 

F(1,107) = .728, p > .05, but the interaction of level and phonological environment was 

significant: F(2,214) = 36.894, p < .005. 

Simple effects of learner-level were tested for each phonological environment.  

The simple effect of level in word-initial position was significant at F(1.107) = 16.359. p 

< .005.  In intervocalic position this simple effect was again significant, at F(1,107) = 

18.401, p < .005.  It was also significant in post-consonantal position: F(1,107) = 17.590, 

p > .005.  Learners’ pattern of substitution of tap for trill occurs earlier in intervocalic 
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position than in post-pausal and post-consonantal positions.  By intermediate level, 

learners reduce their production of tap as a substitute for trill in intervocalic position, and 

increase it in the other two environments. 

The same analysis was applied to compare the intermediate level to the advanced 

level.  The main effect of phonological environment on tapping for target trill did not 

reach significance, at F(2,170) = 2.758, p < .05.  The interaction of phonological 

environment and learner-level also failed to reach significance, at F(2,170) = .071, p > 

.05.  Finally, the between-subjects factor of learner-level was significant at F(1,85) = 

24.521, p < .005.  Production of tap /R/ as a substitute for trill decreased in all 

environments by advanced level.   

 

2.3.1.2.3. Post-hoc comparison of first to fourth semester learners 

Because it appeared that the only improvement learners made from first to fourth 

semester occurred in intervocalic position, a post-hoc comparison of these levels was 

carried out.  Initial visual inspection of the data appeared to show that the only area of 

improvement between these levels involved the reduction of non-target American /®/, and 

a slight increase in non-target tapping as a substitute for trilling.  However, there was no 

significant effect of level when trill was the target (F(1,114) = 2.922, p = .09.  Thus, there 

was no significant improvement at all from first to fourth semester, not even in the 

apparent trend toward more intervocalic non-target tap production observed in the fourth-

semester data. 
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2.3.1.3. Proportion realized as American /®®®®/ when trill was the target. 

The proportion of tokens with American /®/ substituted for trill as the dependent variable 

was submitted to an ANOVA.   This is a useful analysis as it lets us see what patterns, if 

any, emerge when learners produce a non-target segment that is not tap, and whose 

presence in learner production may be attributed to transfer from English. 

 

2.3.1.3.1. Overall and follow-up ANOVAs on American /®®®®/ when target was trill 

In this case as well, in the overall ANOVA the main effect of phonological environment 

was significant (F(2,398) = 5.343, p < .005), as was the main effect of learner-level 

(F(4,199) = 76.007, p < .001).  The interaction of phonological environment and learner-

level was also significant (F(8,398) = 15.193, p < .001). 

The simple effect of phonological environment was significant for all learner-

levels with the exception of the Native Spanish Speakers (Level 1 (first-semester): 

F(2,110) = 35.297, p < .001; Level 2 (fourth-semester): F(2,118) = 62.071, p < .001; 

Level 3 (intermediate): F(2,96) = 11.451, p < .001; Level 4 (advanced): F(2,74) = 5.408, 

p < .05).  The simple effect could not be tested for the Native speakers because, 

predictably, no occurrence of American /®/ whatsoever was recorded in their samples.   

These results indicate that all levels of learners produce American /®/ more often in the 

two word-initial environments than intervocalically.  The significant interaction reflects 

the fact that the Native Speakers produce no American /®/ for trill at all (and hence 

demonstrate no position effect), and that the effect of position is larger for lower-level 
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learners, because higher-level learners' production of American /®/ is very low in all 

environments (a floor effect). 

The simple effect of learner-level on production of non-target American /®/ in trill 

environments was also found to be significant in all phonological environments, with 

lower-level learners substituting American English /r/ for the trill phoneme more often 

than higher level learners, in all phonological environments.   In word-initial position it 

was significant at F(4,248) = 88.047, p < .001, in intervocalic position at F(4,248) = 

15.957, p < .001, and in post-consonantal position at F(4,248) = 88.016, p < .001.   

 

2.3.1.3.2. Post-hoc interaction comparisons 

An interaction comparison was used to compare production of American /®/ in 

intervocalic position by learners in the first-semester and fourth-semester.   As in Section 

2.3.1.1.2 above on tap-for-trill production, these two levels are chosen for analysis 

through an interaction comparison in order to determine whether learners make any 

progress in trilling by the "exit" semester.  In this case, the question is whether they begin 

to reduce reliance on substitution of an L1 segment for the L2 target.  There was a 

significant main effect of phonological environment, at F(2,228) = 194.452, p< .005.  The 

interaction of learner-level and phonological environment did not reach significance: 

F(2,228) = 1.946, p> .05.  There was also no main effect of learner-level as between-

subjects factor: F(1,114) = .558, p> .05.  Just as learners’ increase in tapping in V_V 

position at this level was not found to be significant, learners are apparently not reducing 

production of American /®/ from first to fourth semester either.  Although there is a small 
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decrease in use of American /®/ in intervocalic position, it is not sufficient for the 

interaction to be significant. 

The same analysis was applied to compare the fourth-semester to the intermediate 

level and produced the following results.  There was a significant main effect of 

phonological environment: F(2,214) = 117.178, p< .005.  The interaction of phonological 

environment and learner-level was also significant, at F(2,228) = 38.418, p< .005, and the 

main effect of learner was also significant at F(1,114) = 86.937, p< .005.  From fourth 

semester to intermediate level, learners are reducing production of American /®/ in all 

environments. 

  The simple effect of learner-level (for just fourth semester vs. intermediate) was 

then tested in each phonological environment.  In word-initial position the simple effect 

of learner-level was significant at F(1,107) = 91.992, p< .005.  In intervocalic position it 

was significant at F(1.107) = 16.642, p< .005.  In post-consonantal position it was 

significant at F(1,107) = 83.691, p< .005.  These results show that learners make great 

strides in reducing production of American /®/ in all environments between their fourth 

semester of Spanish and the intermediate learning level.  The significant interaction 

indicates that in intervocalic position they also reduce their use of /®/, but to a lesser 

degree.  The fact that the improvement they make in reducing their production of /®/ is 

less in intervocalic position is likely due to the fact that they produced /®/ less often in 

that environment to begin with—there is simply less room for improvement in this 

environment.   
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2.3.2. Production in intervocalic position: comparison of tap vs. trill targets. 

The results of the comparison of production in intervocalic position both when the 

target was trill and when it was tap are presented in this subsection. The data for the 

proportion of tokens produced with trill are presented in Figure 2.13. 
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Figure 2.13.  Mean proportion trilled by learner-level for tap and trill targets, in intervocalic 
environment only.  Data for the trill target is a subset of the data in Figure 2.7 above. 
 
 

The preceding section addressed learners’ production of trill and other variants 

when the target segment is a trill.  However, in order to determine whether L2 learners of 



   110

Spanish are even attempting to produce a trill, it is necessary to compare their 

productions when the target is a tap to when it was a trill.  If L2 learners cannot 

distinguish the tap from the trill, or simply do not realize that two different targets are 

involved, this would be expected to affect how they produce both targets.  These tests 

allow us to determine whether learners at various levels distinguish the trill phoneme 

from the tap phoneme, even if they cannot produce one or the other accurately.  If they 

produce different variants, with differing frequency, for the two targets, this would 

indicate that they are aware of the distinction between trill and tap, even if they are 

unable to produce it correctly or consistently. 

Intervocalic position (V_V) is the only phonological environment for which these 

tests are relevant because it is the only phonological environment in which the two 

rhotics of Spanish contrast.  In this analysis, the factor of “target segment,” with levels 

trill and tap, was the within-subjects factor while learning level was the between-subjects 

factor.   

 

2.3.2.1. Overall and follow-up ANOVAs on proportion realized as trill by target 

segment. 

A 2-factor ANOVA with target segment as the within-subjects factor and learner-level as 

the between-subjects factor was used to analyze proportion of trill production as the 

dependent variable in intervocalic position.  The main effect of target was significant 

(F(1,248) = 793.287, p < .001).  The main effect of learner-level was also significant 

(F(4,248) = 67.144, p < .011), and the interaction of target segment and learner-level was 
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significant as well (F(4,248) = 89.518, p < .001).   Learners are more likely to produce a 

trill when it is the target than when tap is the target, but they differ in the size of this 

effect, making tests of the simple effect of target segment necessary. 

The simple effect of target segment on the proportion realized as trill was 

significant at all learner-levels (Level 1 (first-semester learners): F(1,55) = 18.926, p 

<.001;  Level 2 (fourth-semester learners): F(1,59) = 16.699, p <.001; Level 3 

(intermediate level learners): F(1,48) = 100.306, p < .001; Level 4 (advanced level 

learners): F(1,37) = 186.694, p < .001; Level 5 (native Spanish speakers): F(1,49) = 

1249.383, p < .001).  Even first semester learners, who trill only rarely, are more likely to 

trill if the target is indeed the trill phoneme than they are if the target is the tap phoneme.  

The same holds for more advanced levels, but with a larger difference between the two 

target segments, leading to the interaction.  Thus, all learner-levels demonstrate 

awareness of the distinction between the two phonemes, however unsuccessfully they 

may produce the correct variants. 

 

2.3.2.2. Overall and follow-up ANOVAs on proportion realized as tap in intervocalic 

position by target segment. 

Proportion of tap production in intervocalic position was analyzed, parallel to the analysis 

of proportion trill production for the two target segments above. Because of the difficulty 

of learning to trill at all, differences between the two target segments may be even more 

evident in the proportion of taps than in the proportion of trills.  The same statistical 

design used to analyze intervocalic trill production (with target segment and learner-level 
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as the two factors) was applied with the proportion of tap production as the dependent 

variable.  Data for this analysis are included in Figure 2.14. 
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Figure 2.14. Tap production by learner-level for tap and trill targets, in intervocalic environment 
only.  Data for the trill target is a subset of the data in Figure 2.7 above. 
 

 

The main effect of target segment was significant (F(1,248) = 837.712, p < .001), 

as was the main effect of learner-level (F(4,248) = 4.894, p < .001).  The interaction of 

target and level was also significant (F(4,248) = 117.642, p < .001).   

The simple effect of target for each level was analyzed.  There was no significant 

effect of target segment among the first-semester learners (F(1,55) = 3.580, p = .064, 
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indicating that learners at the lowest proficiency level do not distinguish the two 

phonemes in their own productions by means of how often they tap (although results 

above showed that they do distinguish by how often they trill in the same items).  At 

Level 2 (fourth-semester), there was a significant effect of the target segment (F(1,59) = 

7.806, p < .05).  The simple effect of the target segment was also significant in the 

intermediate (Level 3, F(1,48) = 119.301, p < .001), advanced (Level 4, F(1,37) = 

233.156, p < .001) and native (Level 5, F(1,49) = 33,978.778, p < .001) groups.  This 

indicates that all speakers except those at the lowest proficiency level, distinguish the two 

rhotic phonemes by producing a tap more often when the target is actually the tap 

phoneme than when it is the trill phoneme.  The results in Section 2.3.2.1 already 

demonstrated that learners at all levels, including the lowest level, do distinguish the two 

phonemes by how often they trill, and the results for how often they tap further support 

the conclusion that learners distinguish the two target phonemes even if they do not 

realize them accurately. 

 

2.4. Discussion 
 
2.4.1. Summary of results  

The overall pattern observed shows improvement in trill production as proficiency level 

increases, as expected.  However, interesting patterns emerge in how learners progress 

from transference of American /®/ to trilling.  Instead of making the jump from 

transferring American /®/ straight to trilling, learners show a tendency to produce alveolar 

taps as an intermediate step en route to acquiring the ability to produce the trill, and they 
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do this sooner in intervocalic position than in the other two phonological environments 

studied.   Learners also reduce their production of American /®/ in intervocalic position 

sooner than they do in the other environments, apparently substituting tapping for a target 

trill.   

 

2.4.1.1.  Comparison to past results 

In the present study, not even native speakers produced trills successfully in 100% of 

cases, a result which coincides with Hammond’s (1999) findings.  In the present study 

native speakers trilled in approximately 90% of intervocalic tokens, which was the 

environment in which they produced the highest rate of trilling.  The rate for post-

consonantal trilling among native speakers was around 75%.  This result is interesting in 

light of Reeder’s (1998) results in which native speakers trilled 100% of the time.   It is 

possible that Reeder’s sample was small enough that it was conceivably possible for all 

target trills to be produced successfully, but he does not address the matter of total 

accuracy in his native data.  Again, it is not certain what environments were used in that 

study, so it is not possible to suggest reasons for the difference.  Also interesting is that 

Reeder’s subjects appeared to show improvement from the first to the third semester of 

classroom-based exposure.  No statistical results are given, but the first-semester group 

produced trills in 7% of tokens while the third-semester group reached 13%.  Because of 

the lack of statistical results it is not known if this difference is significant.  As in the case 

of the total accuracy in the trilling of Reeder’s native speakers, it is possible that his 

sample size affected the percentage of trilling found in the nonnatives’ data.   The present 
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study found no statistically significant difference in production between first and fourth 

semesters.  However, like the present study, Reeder’s “advanced” subjects—students 

enrolled in upper-division or graduate classes—showed a large jump in trilling.  The 

subject group classifications in the two studies are not identical, but a large increase in 

trilling ability in the first group beyond the highest basic language level can be seen in 

both. 

 

2.4.2. Time course of improvement in trilling 

The ability to produce trills increases with proficiency level, but there is remarkably little 

progress made from first to fourth semester, when no statistically significant 

improvement in trilling or reducing the frequency of American /®/ occurs.  It is at the 

intermediate and advanced levels that a high degree of improvement is observed, in 

reducing transfer of American /®/, producing more tapping in place of trill, and in trilling 

itself.  

 

2.4.2.1. Lack of improvement from first to fourth semester 

As predicted, the lowest learner-level (first-semester learners) demonstrated a very low 

rate of trilling.  However, what is perhaps somewhat more surprising is that interaction 

comparisons for this group and the fourth-semester group, the two lowest learner-levels, 

indicate that there is no significant improvement by the fourth semester.  The main effect 

of phonological environment was significant, indicating that speakers at these levels 

performed differently in different phonological environments.  However, there was no 
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interaction of these two factors, indicating that the two groups are exhibiting similar 

behavior with regard to trilling.  That is, both of the lowest learner-levels' acquisition of 

trill is affected by phonological environment in the same way.  This is perhaps surprising 

given the assumption that a significant improvement in second language acquisition over 

a three to four-semester period is a reasonable expectation.  While one would expect 

appreciable improvement in all areas of the L2 grammar at the end of four semesters of 

language study,  the rate of trilling rose only very slightly and without reaching 

significance in the two word-initial conditions from first to fourth semester.  Perhaps 

even more curiously, the trill rate in even the intervocalic position—the phonological 

environment in which trilling appears easiest for learners—also did not increase 

significantly either.   

The data appear to show some improvement in intervocalic position in the area of 

tapping as a substitution for trilling and in reducing American /®/, but this apparent trend 

did not reach significance even in a post hoc test of just this data.  This point will be 

discussed in more detail below in section 2.4.3 on non-target production.  

 

 

2.4.2.2. Improvement from fourth semester to intermediate level 

The third subject group, the intermediate-level learners, showed a very large increase in 

trilling in comparison to the fourth-semester group.  Between the fourth-semester group 

and the intermediate group, proportion of trilling nearly doubled in the two word-initial 

conditions, and in intervocalic position the rate of trilling nearly quadrupled.  
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Based on the pattern noted in the figures, in which trilling appears to jump 

considerably at the intermediate level, trilling was studied in interaction comparisons for 

the fourth-semester and intermediate level.  Significant main effects of learner-level and 

phonological environment as well as a significant interaction between these factors 

indicate that these two learner groups do indeed perform differently overall from one 

another.  The simple effects of level in each phonological environment were also 

significant, and the direction and magnitude of the effects indicate that it is at this level 

that learners can be said to make the greatest strides toward acquiring the trill.  There are 

numerous possible explanations for this pattern.  One is that the trill is simply so difficult 

for speakers of a non-trilling language that it takes over two years for most learners to 

acquire it.  This makes sense not only from a second-language point of view but also in 

consideration of the fact that the trill is a highly marked, physically demanding consonant 

that is acquired very late in first language acquisition among native Spanish-speaking 

children (Jiménez 1987, Carballo & Mendoza 2000), and possibly universally (śygis 

2004).  

Another possible factor influencing this great jump in trilling at the intermediate 

level is that of learner motivation.  The first two learner-levels under study represent 

learners taking courses to satisfy the basic language requirement of the university, while 

intermediate and advanced learners have elected to continue taking Spanish courses, 

either as an academic major or minor, or out of personal interest.  It is possible that 

learners at the lowest levels who are as yet undecided about whether they wish to 

continue taking Spanish or who have no plans to pursue further mastery of Spanish 
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beyond the four-semester basic language program are simply less inclined to make the 

effort to acquire a segment that they find so difficult to produce.  It is also possible that 

the segment causes them embarrassment when they fail to produce it, and perhaps even 

when they do produce it, given how different and potentially “weird,” exotic or at least 

“non-linguistic” the trill can perhaps sound to lower-level learners.  As a point of 

speculation, it is plausible that among intermediate learners, a higher degree of 

motivation and commitment to mastery of the language can perhaps be presumed such 

that learners are eager to attain as native-like a level as possible of the language.  

Yet another factor that could possibly play a role in these findings has to do with 

input.  Whether or not learners have solely studied Spanish in a U.S. university-based 

classroom setting or if they have studied abroad, where they will receive more frequent 

input in the target language and more frequent input about a wider variety of topics, could 

also exert an influence on phonological acquisition.  Studying abroad affords students the 

opportunity not only to speak the target language on a regular basis but allows for a larger 

degree of participatory experience in the culture of the locale where the target language is 

spoken.  As mentioned in the methods section, I originally intended to carry this study 

out controlling for study-abroad experience in order to maintain homogeneity among the 

constituency of subject groups.  However, excluding intermediate-level subjects who had 

or had not studied abroad would have reduced the pool of viable subjects to a number 

below what was considered necessary for the study.   

Because of the inability to fully control for immersion experience, intermediate- 

level data were split according to whether learners had L2 Spanish immersion or not. 
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This was done to see if the large jump in trilling at that level was genuine, and reliable. 

The split in the number of intermediate-level subjects with and without immersion 

experience allowed for comparison of these two sub-groups of intermediate-level learners 

to see if immersion might affect the ability to trill.  Specifically, if even intermediate-

level subjects without immersion experience trilled considerably more than the fourth-

semester learners did, the large improvement at intermediate level could be taken as 

reliable.  This would mean that additional study of Spanish, with or without immersion 

experience, leads to improved trilling at this stage.  Otherwise, a pattern might emerge in 

which subjects with immersion experience would pattern differently from those who did 

not, indicating that immersion is the main factor in acquiring the trill.  It is possible that 

learners with immersion experience could be more highly proficient, higher-frequency 

trillers than subjects without such experience.  The results split by immersion (Figure 

2.12) show that the immersion and non-immersion learners trilled with similar frequency 

except in intervocalic position, where those with immersion experience trilled more than 

those without, as seen in Section 2.3.1.1.4.   This indicates that the added interaction 

offered by the immersion experience affected learners’ production only in the phonetic 

environment in which trilling has already been shown to be easiest.  Aside from the issue 

of immersion, a more general question arose about how the intermediate-level results 

were obtained: regardless of immersion, could it simply be that several highly proficient 

learners who perhaps were really advanced-level learners but who were enrolled in 

intermediate courses raised the group’s trilling averages artificially?  As Figure 2.11 

shows, this is not likely the case, as intermediate-level learners appear to make the jump 
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to trilling not as a function of extreme performances toward the high or low ends of the 

quantificational scale, which could produce a misleading mean, but rather with wide 

variability in the amount that individual learners are able to trill.   

 

2.4.2.3. Improvement from intermediate level to advanced level 

At the advanced level another large jump in trilling rate is observed in all phonological 

environments.  The increase is greater in the post-pausal and post-consonantal word-

initial conditions than in intervocalic position, but this difference by phonological 

environment could be due to a ceiling effect, as the trill rate was already considerably 

higher in intervocalic position at lower proficiency levels, and less improvement was 

mathematically possible for the group in that phonological environment.    

 

2.4.2.4. Differences between advanced learners and native speakers 

In this study, even the native speaker group did not categorically trill in trill target 

contexts.  This result reflects results obtained by Hammond (1999) and Lewis (2004), 

although Hammond’s (1999) subjects trilled far less frequently than the subjects of this 

study, despite the fact that both studies employed formal task types.   

In word-initial, post-pausal position, native speakers produced something other 

than a trill in over 20% of tokens.  In the word-initial, post-consonantal environment, 

around 20% of tokens were non-trills, and in intervocalic position slightly less than ten 

percent of productions failed to trill.  Of course, American /®/ was not among the non-trill 

productions; rather, the majority of native speakers’ non-trill productions consisted of a 
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variety of sibilant-like fricatives, assibilated taps and approximants of different sorts.  

Tapping also occurred in about 2-4% of tokens.   These data provide some idea of the 

nature of the variability of production for a trill target in Mexican Spanish.     It is 

interesting to note that statistically the most advanced learner-level trilled as often as 

native speakers, except in post-consonantal position, where learners trilled less than 

natives.  However, when native speakers fail to trill, their non-target realizations of /r/ are 

overwhelmingly one of the realizations categorized as “other.”   Advanced-level learners’ 

failed trills are also mainly “other” realizations, but with a considerably larger proportion 

of taps substituted for trills. 

 

2.4.3. Shift among non-target and target alternative sounds 

When learners fail to trill, there are several alternatives for what they produce instead of 

the target trill.  This data demonstrates several interesting patterns in the shift among 

target and non-target alternatives. 

 

2.4.3.1. Transference of American English /®®®®/ 

Among non-target production patterns, the occurrence of American /®/ in contexts calling 

for a target trill illustrates two interesting patterns.  The first pattern shows that American 

/®/ is overwhelmingly the predominant production at the lowest two learner-levels in 

word-initial position and post-consonantal position.  This is hardly surprising given that 

transference of native language segments is to be expected at lower learner-levels.  At the 

first-semester level the great predominance of American /®/ can be attributed to the 



   122

transference from the subjects’ native language, and is even expected.  However, it 

appears that learners are still transferring /®/ at the fourth semester level as well, as the 

only improvement learners make in moving away from the transferred English rhotic is a 

relatively small, non-significant increase in tapping.  Had this effect reached significance 

it would show a pattern of improvement, not in producing the target, but by producing a 

non-target realization that is closer to the trill than the transferred American /®/. Such a 

result at that level in comparison to the first semester group is striking, considering the 

three-semester difference in language coursework between the two groups.  In 

intervocalic position at these two lowest levels, American /®/ is the second most common 

production after the tap. 

The second pattern shows a marked decrease in American /®/ production for the 

trill target at the intermediate level.  Here, American /®/ diminishes precipitously at the 

intermediate level in all phonological environments, with the greatest reduction occurring 

in the two word-initial contexts, both post-pausal (#__) and post-consonantal (C./r/).   In 

this environment, rate of trilling nearly quadrupled and American /®/ was reduced nearly 

to elimination.  As it becomes apparent through this data that it is at the intermediate 

level that learners make by far the greatest strides toward reducing their dependence on 

American English /®/, we notice that this large-scale reduction in dependence on 

transference of the American English rhotic at that learner-level is accompanied by a 

concomitant increase in successful trilling when the target is trill.  The data shown 

previously in Figures 2.6–2.8 show a marked increase in trilling in all phonological 
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environments at this level, but learners have hardly acquired the trill with native-like 

frequency at this level of proficiency.  Rather, learners also show a marked increase in 

their substitution of the alveolar tap for the trill beginning at the intermediate level as 

they move away from the L1 sound to the closest approximation they can attain of the 

target L2 sound.  This shift is discussed in 2.4.3.2 below.  

At the intermediate learner-level, significant simple effects of learner-level on 

production of American /®/ for target trill were found for all phonological environments, 

and the interaction of learner-level and phonological environment was significant, likely 

as a function of the size of the effect: at the intermediate learner-level, the decrease in 

production of American /®/ in the two word-initial conditions was so big that statistically 

it made the still statistically significant decrease in intervocalic production of American 

/®/ appear small by comparison.  The fact that learners had almost eliminated American 

/®/ in intervocalic position is perhaps a more informative result and more important to the 

overall pattern we see in improvement in trilling over time than the magnitude of the 

effect found or the percentage of decrease in American /®/ production.  

 

2.4.3.2. Shift from American English /®®®®/ to alveolar tap /RRRR/  

Another interesting pattern emerges in which, in addition to learners’ predictable heavy 

reliance on transferred American /®/, a large increase in production of the tap /R/ occurs in 

all phonological environments.  While one expects to observe patterns of reduction of 

non-target production over time as proficiency increases, as is the case with American /®/ 
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beginning at least at the intermediate level, the data actually show an increase in the non-

target production of the tap /R/ in post-pausal and post-consonantal positions at 

intermediate level, a pattern which was unforeseen given the expectation that inaccurate 

production should decrease as learner-level increases and accuracy in producing the 

target segment improves.  It was observed above that in the overall ANOVA the main 

effects of phonological environment and learner-level were significant, as was the 

interaction of these two independent variables, and that the simple effect of phonological 

environment was significant for all learner-levels.   

Thus, we find an interesting area of divergence between phonological 

environments in intervocalic position when compared to the post-pausal and post-

consonantal positions.  While the trill rate in the post-pausal and post-consonantal 

conditions at the first-semester level is less than 5%, in intervocalic position it is 

considerably higher at 15-17%.  The rate of American /®/ in intervocalic position is also 

considerably lower than in the other two environments under study.  The first explanation 

that leaps to mind for this notable difference by phonological environment may be that 

trilling is simply easier in the intervocalic context, which would appear to be true given 

that trilling is about ten percent more common in that condition.  Solé et al.’s (1998) 

results showing that initiating trills was more physically demanding than sustaining them 

supports this explanation. It could be the case that once phonation and airflow are 

occurring in a vowel, and the tongue is not creating a stricture, the appropriate 

articulatory configuration for trill initiation is easier to achieve.  However, the rate of 

usage of American /®/ is far more than ten percent lower in intervocalic position than in 
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the other two conditions, so the relative ease of trilling in intervocalic position cannot be 

the only explanation for the effects of phonological environment in this case.  If we look 

at the rate of tapping, in which /R/ is produced in the obligatory context for /r/, a new 

explanation emerges.  In intervocalic position, tapping occurs in over 50% of tokens, but 

only occurs in fewer than 20% of tokens in post-pausal and post-consonantal positions.  

Taking the occurrences of American /®/ and of /R/ together, we see that both non-target 

productions largely account for the lack of trilling, especially in intervocalic position.   

As alluded to above, learners showed a predominance of an alveolar tap /R/ in 

intervocalic position at the first and fourth-semester levels, while the production of the 

tap in place of the target trill was a distant second to American /®/ in the other 

environments.  While it may be natural to expect a great deal of transference of American 

/®/ in all conditions at the lower learner-levels, the predominance of the tap as the primary 

non-target production in intervocalic context raises the possibility that it is not just easier 

for learners to trill in that environment, but to tap as well.  This in turn raises the 

suggestion that the tap could not just be one of any number of non-target productions but 

perhaps an intermediate step toward acquisition of the trill.  Although the tap is also 

sometimes difficult for learners to produce, it is a far less physically complex sound, and 

could well be seen by learners as the closest approximation of the trill that they can 

produce at their level of proficiency and in a given phonological environment.  Alveolar 

taps also occur in English, and only in intervocalic position, as in butter and ladder, and 

are acoustically more similar to the trill than anything else in the L1 inventory.  The 
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Spanish tap could therefore already be easier to produce intervocalically for speakers of 

L1 American English because they already produce it in that environment.  These factors 

could make the tap a good substitute for the trill in just that one environment.   

 While production of non-target tap /R/ rises in word-initial and post-consonantal 

positions at intermediate level, we have seen that it actually decreases in intervocalic 

position at intermediate level.  In this result we see that learners make progress 

intervocalically that they do not make in the other two environments until later.  Even 

though the tap /R/ is not the target phoneme, learners use it as an intermediate step to 

trilling, and its substitution for trill should be considered a form of improvement on the 

path to acquiring the trill.  We see that this improvement comes sooner intervocalically, 

where /R/ is easier to produce than in post-pausal and post-consonantal positions. the 

decrease in /R/ seen intervocalically at intermediate level shows that they are improving in 

acquiring trills. We also see that intermediate learners have nearly eliminated American 

/®/ intervocalically, while it persists in about 10-13% of tokens in the other two 

environments.  Both reductions in non-target productions at intermediate level are 

concomitant with a sharp rise in trilling.   

Analyzing the data for the three phonological environments, then, produces two 

main patterns of “improvement” in learners’ production, even though this improvement 

involves relatively little trilling.  Learners already use the alveolar tap /R/ as a phoneme 

substitution strategy in intervocalic position at the two lowest learner-levels.  As alluded 

above, this is likely quite simply because they can; again, both the tap and the trill are 
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considerably easier for learners to produce in intervocalic position, with tap being much 

easier than trill.   

In the case of the two word-initial environments, the persistence of American /®/ 

and the early substitution of the tap for the trill intervocalically is likely due to the 

relative difficulty in initiating a trill from a pause, as opposed to between vowels.  In the 

former case, all articulators are at rest and normal breathing is (presumably) occurring, at 

which point the muscle movement of the tongue rising toward the alveolar ridge must 

take place around the same time as exhalatory airflow increases and phonation begins.  In 

intervocalic position phonation is already occurring, air is already flowing for production 

of linguistic segments, and the tongue is in movement, with the tip out of the neutral 

position during production of the preceding vowel.  Under these conditions, preparing the 

mouth for trill production is less complicated than doing so from the “dead stop” of a 

pause.   

 

2.4.3.3. Learner perception of the difference between /r/ and /RRRR/ 

Finally, we can be reasonably certain that learners at least perceive the difference 

between the tap and the trill as target segments.  This was shown when the simple effect 

of target segment was tested for each learner-level separately and reached significance.  

The fact that even at the lowest learner level, where learners trill least frequently, learners 

were more likely to produce a trill when the target was trill than when the target was tap.  

This showed that the learners are distinguishing the two target phonemes as separate L2 

categories, even though they can't do it by realizing the correct target most of the time.  
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That is, when trill is the target, they are aware that it is a separate category even if they 

are physically unable to produce it.  The fact that learners distinguish the two even at 

lower levels is in keeping with Flege’s Speech Learning Model (1995) and Best’s 

Perceptual Assimilation Model (Best 1995; Best et al. 2003) both predict that L2 sounds 

with no featural analog in a speaker’s L1 will be more likely to form a category of their 

own in the speaker’s interlanguage phonological inventory.  This is in contrast to sounds 

that are similar to L1 sounds, which are more likely to be assimilated to an existing L1 

category.  

 

2.4.4. Shift to target trill 

In section 2.4.3.2 it was shown that learners shift their production from transferred 

American /®/ to the tap as a step en route to trilling, and now I turn to their shift to being 

able to trill.  Because of the main effect of learner-level on trill production and the 

apparent lack of difference in production between the first and fourth-semester learners 

and the apparent jump in trilling frequency between the fourth-semester and intermediate 

learners, it was necessary to conduct the interaction comparisons described in the Results 

section.  This analysis was necessary in order to determine whether learners acquiring 

Spanish in a classroom context make progress in acquiring the trill between the beginning 

and end of the first two years of Spanish instruction, and in order to determine whether 

students at the end of the two-year foreign language requirement at the institution where 

the study was carried out differ from those who have opted to continue with study of 

Spanish. 
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As discussed earlier, learners showed virtually no progress in trilling from first to 

fourth semester in any phonological environment, and then their trilling ability made 

great strides at the intermediate and advanced levels in all environments.  This is 

especially true in intervocalic position, where trilling is considerably easier than in the 

post-pausal and post-consonantal, word-initial positions.   

Learners’ biggest progress to trilling comes at intermediate level, with another 

large improvement at advanced level.  In the two word-initial contexts, even tapping is 

rather difficult for learners, hence the persistence of American /®/ in these environments 

through the fourth semester, followed by a sharp increase in tapping as a phoneme 

substitution strategy at the intermediate level. In intervocalic position, tapping decreases 

from fourth-semester level to intermediate level as learners are acquiring trill in this 

environment while they are still at the intermediate step of substituting tap for trill in the 

other, more difficult environments.  There is a significant increase in trilling in these 

environments but there is also a significant increase in tapping as well.  Both of these 

increases come at the expense of the American /®/ that is so frequently produced at the 

two lowest levels. 

 

2.4.5. Increase in "other" category (“failed” trills) 

American /®/ and the tap /R/ were not the only non-target productions recorded.  Instead 

of a trill, a wide variety of other segment types were produced.  Among these, a fairly 

common one was /®3/ a kind of raised variant of American /®/, which is clearly an 



   130

approximant of the same sort as American /®/, but with the tongue in a higher position, 

and which is auditorily clearly distinct from American /®/.  Various kinds of assibilated 

fricatives were produced, and even some lateralized segments as well.  Other productions 

included segments that were auditorily perceptible as a kind of stop consonant + tap /R/, 

or stop plus a slightly assibilated variant of /R/.  Because none of these segment types 

alone occurred with a frequency anywhere near as high as the American /®/ or the tap /R/, 

these productions were given their own joint category of “other.” 

While it is at the intermediate level that the greatest increase in trilling is 

observed, it is curious that at a time when the rate of target trill production has increased 

nearly fourfold, and the rate of transference of American /®/ has been drastically 

reduced—nearly to zero in intervocalic position and to less than 20% of occurrences in 

the two word-initial conditions—the rate of “other” non-target productions shows a 

notable increase in word-initial position and a slight decrease in intervocalic position.  It 

appears clear that by intermediate level, learners know that the target is trill, and that they 

have drastically improved their ability to produce it.  However, the increase in the various 

non-target productions labeled as “other” is likely best explained by returning to the point 

that trills require very precise articulatory and aerodynamic control to the point that 

learners still frequently fail to produce them, producing instead approximants, fricatives 

or sibilants.  
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2.5. Conclusion  

As shown in this experiment, learners trill production improves as proficiency level 

increases. They begin by primarily substituting /®/ transferred from English for the trill, 

eventually shifting to the tap /R/ as an acoustically more similar phone.  They appear to be 

producing /R/ as an intermediate step to trilling, and then begin trilling more consistently.  

They find it easier to trill in intervocalic position than in the other two environments 

studied, and make progress earlier in intervocalic position than in the other two, 

beginning with the reduction in non-target tapping that occurs as trilling increases at the 

intermediate level.  

 Surprisingly, learners make no significant progress whatsoever from first to fourth 

semester, but they make great progress after that, at the intermediate and advanced levels.  

Even native speakers do not trill in 100% of instances where trill is the target, a result 

consistent with research cited in Section 1.  Advanced learners trill are nearly identical to 

native speakers, except in post-consonantal position, and differ from natives in their 

realizations when they fail to trill.  
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3.0. EXPERIMENT 2:  AERODYNAMIC STUDY OF NATIVE AND 

NON-NATIVE TRILLING 

3.1. Introduction 

Experiment 1 showed that while learners make very little progress in acquiring the trill 

during the first four semesters of study, they make a great deal of progress between the 

fourth semester and intermediate level.  It also showed that one form of progress that they 

make is in reducing transference of American /®/ and substituting the alveolar tap /R/ for 

trill.  While the tap is still a non-target realization of /r/ and also possibly transferred from 

English (even though it is a realization of a different phoneme in the two languages), it is 

nonetheless more similar to trill than American /®/, and learners use it as an intermediate 

step when they are still unable to pronounce trills.  These results leave open the question 

of whether, once non-native speakers are able to produce the trill, they are able to 

produce trills in the same way as native speakers.  That is, once they are able to produce 

trills, do they produce them with the same measurable characteristics as native speakers, 

or do their trills differ measurably from those of native speakers, in the same way that 

other segments do when produced by non-natives?   The aerodynamics of trills is central 

to this issue, as trill production is crucially dependent on meeting a very strict set of 

aerodynamic requirements in order for trills to be produced (Ladefoged and Maddieson 

1996, Solé 1998).  This raises the possibility that because of such strict requirements for 

the production of the segment, as well as because of the fact that attempted trills failing to 

meet these requirements result in a different kind of segment altogether, learners could 

acquire trills in categorical fashion: if they are able to produce trills, their trills will be 
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statistically native-like, due to the articulatorily unforgiving nature of trills in the sense 

that they permit an extremely small amount of variability in their production 

characteristics, and require the confluence of a highly restricted set of physical 

phenomena for successful production.  In addition to the categorical jump to trilling, L2 

trills might exhibit “gradient” acquisition in the same way that certain other segments are 

acquired, such as the aforementioned acquisition of voice onset time (VOT) in stop 

consonants: learners begin with VOT values that are closer to those found in L1, and over 

time their production gradually closes in on and approximates native values.   

The second experiment measured aerodynamic qualities of the trills of L2 Spanish 

learners who were identified in the first experiment as able to produce the trill, as well as 

of a group of native speakers of Mexican Spanish.   Just as clear patterns of difference 

were predicted between native and non-native ability to produce the trill in Experiment 1, 

non-native speakers were expected to differ from native speakers in the aerodynamic 

characteristics of their trills, as they did in Experiment 1 in their ability to trill at all.  As 

described in Chapter 1, it was predicted that learners would differ from native speakers in 

certain characteristics; namely, in the amount of airflow they produced in order to trill 

successfully and in the number of contacts learners produced per realization of trill.  

Learners should produce greater airflow in their trill production than native speakers, due 

to their lack of native-like control over aerodynamic processes in speech, resulting in a 

kind of articulatory overshoot in which they produce an amount of airflow that exceeds 

that produced by natives, resulting in noticeably breathy trills of a sort not associated 

with native speech.  Because they lack the physical control over the aerodynamic 
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mechanisms of speech that native speakers have, it is also predicted that learners will 

differ from natives in mean number of contacts (“taps”) per trill.  That is, because they 

may be unable to produce trills similarly to native speakers and may be unable to sustain 

trills in the same way as natives, they will produce trills with a differing number of 

occlusions than native speakers.  Such an effect could go in either direction—with 

learners producing more or fewer contacts per trill than native speakers—for several 

reasons.  First, it could be that trills are so difficult for learners to produce that they only 

produce what can be minimally classified as a trill, which would be a trill with two 

contacts, or taps.  On the other hand, it is possible that learners’ trills could be longer than 

natives’ trills because their lack of native-like control over the aerodynamics of trills 

making them less able to stop a trill once it is initiated.  A further possibility is that 

learners might consciously or subconsciously make an effort to produce longer trills.  

Since trills are such a recognizable characteristic of Spanish to American English 

speakers, and so difficult for them to produce, learners might make an effort to emphasize 

their trills by extending their duration, calling attention to the fact that they can produce 

them.  Because the objective of this second experiment is to determine what aerodynamic 

characteristics are present in non-native trills, only trilled realizations were measured for 

data.  
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3.2. Methods 

3.2.1. Subjects. 

As in Experiment 1, subjects were second language learners from the four proficiency 

levels described previously, and the native-speaker comparison group.  Subjects were a 

subset of the subjects who were tested in Experiment 1.  Subjects were selected for the 

second experiment based on their demonstrated ability to pronounce the trill at least five 

times successfully out of the 84 tokens with trill as the target in the first experiment, as 

and based on their willingness to participate.  An unequal number of subjects were 

obtained for each group due to unequal rates of response to requests for participation.  

The lower two levels have the fewest number of subjects—three each—because the rate 

of response to requests to participate in the second experiment was lower for those groups 

than for the other subject groups.  The lower rate of response among these groups was 

due to two factors.  First, because comparatively fewer subjects from these groups were 

able to produce trills at all, the number of subjects contacted for the second experiment 

was lower than for other groups.  Second, there was a slightly lower rate of response from 

subjects in these groups who were able to produce trills.  Furthermore, only one speaker 

from learner-level 2, fourth-semester Spanish, produced usable data, as the other two 

subjects from that group failed to produce even one trill in at least one environment 

during their recording session for the second experiment.  One subject failed to produce 

trills in word-initial and post-consonantal position, and another failed to produce trills in 

post-consonantal position.  Therefore, these two subjects’ data was excluded from 
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statistical analysis.  Table 3.1 below shows the number of subjects recorded in each group 

for Experiment 2.  

 

Subjects’ 
Learning 
Level 

Learner-level 
1 

1st Semester 

Learner-level 
2 

2nd Semester 

Learner-level 
3 

Intermediate 

Learner-level 
4 

Advanced 

Learner-level 5 
Native Spanish 

Speakers 

N  subjects 3 1 (3) 5 9 7 

N subjects 
with 

substantial 
immersion 

0 0 3 9 7 

 
Table 3.1.  Subjects per group for Experiment 2.  The parenthetic (3) in the second-semester cell 
refers to the total number of subjects recorded.  Only one subject in this group produced at least one 
trill in all three environments in the Experiment 2 recording. 
 

Similarly to Experiment 1, it was intended that immersion be controlled within 

levels (see Section 2.2.1 for details).  As I mentioned above in Section 2.2.1, no subjects 

from the two lowest levels had studied Spanish abroad or lived in a Spanish-speaking 

country.   For Experiment 2, just as for Experiment 1, it was necessary to include 

intermediate speakers both with and without immersion experience in order to obtain 

enough subjects.  For this reason, the intermediate level contains subjects who have 

studied Spanish abroad and subjects who have not.  The advanced learner group contains 

no subjects without immersion experience because no Experiment 1 subject who did not 

have such experience volunteered for Experiment 2. 
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3.2.2. Materials. 

The materials for Experiment 2 were a list of Spanish words similar to those in 

Experiment 1, but with three items per following vowel in each of the eight conditions, 

for a total of 108 test words containing trills.   Words with an intervocalic tap /R/ were 

included in the list but only words with trills were analyzed.  The words were different 

from those used in Experiment 1 to avoid any practice effects made possible by 

encountering the words in the previous experiment.  As in Experiment 1, prosodic 

patterns of words were controlled.  Words in Experiment 2 did not contain words with a 

voiceless consonant in the syllable preceding the syllable containing the trill (perico 

“parrot,” corona “crown”), in order to avoid introducing breathiness from the consonant 

in case the subjects produced aspiration on these consonants based on transfer of 

aspiration in similar phonemes in English.  At least two filler words not containing either 

/r/ or /R/ preceded each test word in the list, in order to mitigate the possibility that 

subjects could realize that /r/ was the object of study and consciously modify their efforts 

at producing it, or that they would still be recovering from having just produced a trill.  

Although production of the tap phoneme is not under study in this experiment, words for 

the tap phoneme conditions of Experiment 1 were also included in the Experiment 2 list 

as fillers, so that subjects would still encounter both r-like phonemes during the 

experiment.  This was intended to force subjects to try to make the distinction between 

the two sounds if they were aware of it, which they were, as shown in Experiment 1.  See 

Appendix B for the word list for Experiment 2.  A list of isolated words, rather than 
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words in frame sentences, was used because a longer recording session would have been 

prohibitively time-consuming.   

 

3.2.3. Procedures  

Subjects were seated in a quiet room of a phonetics lab on campus, where they were 

recorded directly to a Macintosh computer.   Recording was carried out using Scicon 

R&D Macquirer software as they read a Spanish word list aloud into a special mask 

equipped with pressure and airflow transducers.  The mask had a built-in microphone 

which was used to record the audio signal, which was recorded with a sampling rate of 

11,000 Hz.  Even though the audio signal was recorded through the mask, the individual 

taps of each trill were clearly visible in the waveform.  The tube used to record intraoral 

pressure was curved at the tip (by means of inserting a narrow wire into it), and inserted 

between the cheek and teeth on one side of the mouth.  The curved end hooked around 

the upper molars, positioning the open end of the tube toward the rear of the buccal 

cavity, behind the area at which alveolar closures would occur.  The audio signal was 

recorded at the same time as the aerodynamic data, but because of the mask audio 

information is somewhat distorted.  The back of the mask was fitted with a handle, which 

subjects used to hold the mask to their own faces.  Thus, subjects were able to remove the 

mask at any moment of their choosing during the recording session.   

Subjects were asked to read the randomized word list three times, and all subjects 

but one in the first-semester level (whose session had an equipment malfunction) did so 

successfully.  This was done in order to provide subjects with several chances to produce 
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trills. Recording took between 75 and 90 minutes.  Subjects were instructed to remove the 

mask if the pressure tube made speaking difficult or became uncomfortable.     

 

3.2.4. Data Analysis and Predictions. 

3.2.4.1. Analyzable data 
  
Table 3.2 shows the number of analyzable tokens produced by each speaker by learner-

level.  Only trill realizations produced when the target segment was actually a trill were 

counted.  That is, only trill targets were examined (unlike Experiment 1), and only tokens 

in which the subject did indeed trill were used for aerodynamic measurement.  A 

realization was considered a trill if a clear pattern of more than one valley of low 

amplitude (Figures 3.1–3.6) followed by raised amplitude could be distinguished (see 

Figures 3.1–3.6 in section 3.2.4.3.1 for examples), indicating more than one closure and 

therefore a multiple vibrant.  The number of tokens is variable due to differences in the 

number of successful trills produced by subjects.   
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For each 
subject 

1st Semester 
(3 subjects) 

4th Semester 
(1 subject) 

Intermediate 
(5 subjects) 

Advanced 
(9 subjects) 

Native 
speakers 

TOTAL 

 
 
 

Total 

10 28 39 47 77 

 
 
 
 

1484 

32  82 81 64 
9  41 76 54 
  74 84 84 
  83 79 85 
   80 85 
   44  
   67  
   79  

51 28 319 637 449 
  
Table 3.2.  Number of usable tokens per subject, by level.  Each cell other than those in the "total" 
row represents the number of trills produced by one subject. 
  

3.2.4.2. Issues with oral air pressure analysis 

While airflow data was used to determine the amount of airflow used in the production of 

trills and to determine if non-natives did indeed produce “breathier” trills than natives, 

the air pressure recording was used to give very precise data about the timing of 

articulatory events during trilling.  The times at which specific movements in air pressure 

occurred were recorded, so that the duration of the different component events of each 

trill could be calculated.  The specific articulatory events measured this way are 

explained below.  The oral pressure data was only used for measurement of articulatory 

timing, because data about magnitude of pressure was sometimes unreliable, owing to 

several equipment-related factors.  Pressure measurements were often only intermittently 

successful, generally owing to shifts in the positioning of the tube within the mouth 

during recording of a given sound file, such that the tube was partially or fully covered by 

mouth tissue during some moments in the articulation, preventing a pressure reading 

from being taken.  Also, in many subjects the tube tended to fill with saliva, which 
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degraded or in many cases totally impeded the pressure recording capabilities of the 

system.  Therefore, in spite of recording three complete readings of the word list for each 

subject, pressure data proved too unreliable to analyze magnitude of oral pressure, but it 

did usually allow clear measurement of the time points at which various articulatory 

events occurred.   

Events such as separation of the tongue tip from the alveolar ridge after one 

closure of a trill can be located far more precisely from oral pressure records (in this case, 

based on the point at which oral pressure begins to fall) than from acoustic data or even 

oral airflow data.  The rising, falling and leveling off of air pressure during trilling proved 

to be valuable indicators of the moments at which the tongue made contact with the 

alveolar ridge and when the tongue was away from the ridge.  The manner in which 

pressure information was used for this purpose is described in detail in sections 3.2.4.4 

and 3.2.4.5 below.   

 For some tokens, intra-oral pressure data was unusable because of equipment 

malfunctions or blockage of the tube.  For these tokens, at least if they were intervocalic, 

time points located from the airflow signal were used to approximate the time data 

normally measured from the pressure signal.  Thus, even though pressure data could not 

be recorded for many tokens, the timing information provided by pressure data could 

reliably be approximated using airflow data as an indication of where pressure 

fluctuations occurred.  For example, the point at which airflow stops falling sharply and 

reaches a low point (even-numbered points on the airflow line in the figures) generally 

coincides well with the point at which pressure begins to rise sharply (Point A on the oral 
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pressure line in Figures 3.1–3.6).  The point at which airflow begins to rise sharply 

coincides with the point at which pressure begins to drop sharply (Point B), and the point 

at which airflow begins to drop sharply coincides with the point at which pressure ceases 

to fall sharply (Point C).  Thus, for intervocalic data, the reliable approximation of 

pressure-related time points was possible even when pressure measurements were 

unavailable.  In the case of post-consonantal tokens, however, this “flow-for-pressure” 

measurement was considerably more difficult and less reliable, owing to the difficulty of 

choosing a measurement point at the end of the pre-trill nasal consonant /n/ from which 

to measure where flow reached a low point indicating the pressure peak of the first 

contact of the trill (Measurement 2 on the airflow line in the figures).  In several tokens of 

this phonological environment, flow could be used to extract times in place of pressure, 

when the audio waveform and airflow slopes in combination indicated the beginning of 

the first tap of a trill.  Because the trill is preceded by /n/, the amplitude of the audio 

signal begins to decay as the tongue approaches the alveolar ridge for /n/, and is nearly 

invisible during contact in the trill (Figure 3.3).  As a result, for tokens without airflow 

beginning prior to the second measurement it was not always clear where to make this 

measurement.   If it was not clear in a given token where to make these measurements, 

that token was excluded from statistical analysis for the time-point data, but was still used 

in airflow measurements.  Since there were no cases of speakers whose entire post-

consonantal data was recorded without adequate oral pressure recording, it was possible 

to compare data from tokens recorded with pressure to those in which the “flow-for-

pressure” method was employed to check for consistency.   If no consistent means of 
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measuring post-consonantal data could be used for a given speaker’s data, that speaker’s 

post-consonantal data was excluded from analysis.  In the case of word-initial data, 

however, approximating pressure times using flow data was not possible because for 

native speakers, and sometimes for non-natives there is no appreciable initial airflow 

preceding the beginning of the trill (Point 1 on the pressure line in the figures).  Thus, 

because the first rise in airflow coincides with the first drop in pressure in all native 

speaker data, there was no initial airflow measurement with which to approximate the 

first rise in pressure of the trill.  It would have been possible to gather data for the second 

and subsequent taps of the trill, but this would have resulted in incomplete data for 

individual tokens.  Therefore, for word-initial environment, if equipment malfunctions 

prevented measurement of time points from the oral pressure data, the token was only 

used for airflow measures rather than timing measures.   

 

3.2.4.3. Airflow measurement points 

Measurements were taken for the “peaks” and “valleys,” or maxima and minima of 

airflow during each tap of the trill.  In word-initial tokens where airflow only rose after 

the first pressure rise, the first measurement was made at an arbitrary point before the trill 

when no airflow related to production of a linguistic segment was occurring 

(Measurement Point 1 in Figure 3.1).  This was done because in such tokens, where air 

does not flow as the subject prepares to begin the trill, there is no time point just before 

the trill at which to measure airflow that is more useful than any other.  Measurement 2 is 

the point immediately preceding the first low airflow point corresponding to the first 
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closure and its corresponding rise in pressure.  Measurement point 2 in Figure 3.2 is 

taken at the height of airflow before the first low point in pressure (Measurement 2).  

This measurement point appears visually to be quite different from its counterpart in 

Figure 3.1, but this is because the increased airflow before the beginning of the trill dies 

off as the tongue makes contact, as can be seen by comparing this measurement point to 

pressure measurement point A, which is the beginning of the rise in pressure associated 

with lingual closure.  Airflow decreases at this point.  This measurement of airflow at an 

arbitrary point before the beginning of the trill was collected, however, to allow 

comparison with other tokens that did have airflow in the transition to trilling.  

Measurement points for word-initial trill are shown in Figures 3.1 and 3.2.  

(Figures 3.1-3.6 include both airflow and oral air pressure data, which is discussed in 

section 3.2.4.4 below.  This is intended to allow for comparison with both data types 

time-aligned.)  Figure 3.1 shows trill production where airflow only begins to rise as 

pressure from the first tap of the trill vents, meaning there is no appreciable airflow 

before the tongue rises to make the first alveolar contact of the segment.  Figure 3.2 

shows a trill in which airflow increases before the rise in pressure associated with the first 

closure of the trill.  In the numerous cases of word-initial tokens where a subject’s airflow 

began to rise before the initial pressure rise, which occurred overwhelmingly in non-

native productions like the one in this figure, the first measurement was made at the peak 

of that initial rise (Point 1 in tokens displaying increased “pre-trill” airflow).  Thus, 

depending on when a given subject began to produce linguistic outflow of air in 
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pronunciation, the first measurement of a word-initial token could be a point of very low 

flow or a point of relatively high flow.   

 
 
Figure 3.1.  Word-initial, post-pausal three-tap trill in rana, ‘frog’, pronounced by a native Spanish 
speaker, without elevation of airflow prior to tril ling.  The top line shows the waveform (as recorded 
by a microphone in the airflow mask), the second line ("Ch#1", where “Ch” stands for “Channel”) 
shows the oral pressure data, and the bottom line ("Ch #2") shows the oral airflow data.  Numbered 
measurement points indicate approximate measurement points of airflow events and indicate 
approximate measurement points for pressure events.  Explanation of measurement points appears 
in the text. The double-shafted indicates lack of elevated pre-trill airflow.   Prime symbols indicate 
the second tap of the trill. 
 
 

 
 
Figure 3.2.  Word-initial, post-pausal three-tap trill in rana, ‘frog’, pronounced by an advanced non-
native speaker, with elevated airflow during the transition to trilling indicated by the double-shafted 
arrow.  The top line shows the waveform (as recorded by a microphone in the airflow mask), the 
second line ("Ch#1") shows the oral pressure data, and the bottom line ("Ch#2") shows the oral 
airflow data.  Numbered measurement points indicate approximate measurement points of airflow 
events and indicate approximate measurement points for pressure events.  Explanation of 
measurement points appears in the text. The double-shafted indicates lack of elevated pre-trill 
airflow.   Prime symbols on letters indicate the second tap of the trill. 
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 Consequently, this first measurement of a word-initial token (measurement point 

1 in the figures above) can reflect a point of extremely low airflow in those speakers who 

do not exhibit “pre-flow” before the first rise in pressure, or a peak for those non-native 

speakers who increase their airflow before pressure begins to rise as the tongue moves 

into position for the first occlusion of the trill.  

The second airflow measurement for trills in word-initial environment (Point 2) 

was made at the point just before the first rise in airflow corresponding to a tap in the 

trill.  That is, when pressure from the first tap (closure) of the trill begins to be vented, 

flow begins to rise because the tongue is moving away from the roof of the mouth; the 

second measurement was taken just before that point.  The second measurement always 

represents a sort of point of minimum flow: extremely low flow if the subject produced 

little or no appreciable airflow before the first pressure rise, or a sort of “valley” in 

airflow between the peak created by the “pre-flow” rise and the flow peak of the first tap 

of the trill.   

The third and all subsequent measurements straightforwardly represent similar 

points in the production of the trill.  The third measurement is always a maximum airflow 

peak during a tap, the fourth measurement is always a point of minimum flow, the fifth a 

maximum, the sixth a minimum, and so on in a sequence in which odd-numbered 

measurements correspond to points of peak airflow and even-numbered measurements 

correspond to points of minimum airflow.  The final measurement is of the first 

substantial peak in airflow in the vowel following the trill.  Therefore there were always 

an odd number of airflow measurements for a given trill.  For example, for a trill 
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containing three taps, seven measurements were taken.  The second measurement in a 

word-initial trill is always a “valley” in some sense: if there is no “pre-flow,” it is a point 

of much lower flow than the following third measurement, which is a peak in all cases.  If 

there is pre-flow, the second measurement is a sort of “valley” between the peak of the 

pre-trill rise in flow and the peak of airflow in the first tap of the trill.   

Measurement points for airflow in post-consonantal trills are shown in Figures 3.3 

and 3.4 below.   

 

 
 
Figure 3.3.  Post-consonantal, two-tap trill in the phrase un ratón, ‘a rat’, pronounced by a native 
Spanish speaker, without increased, pre-trill airflow.  The top line shows the waveform (as recorded 
by a microphone in the airflow mask), the second line ("Ch#1") shows the oral airflow data, and the 
bottom line ("Ch #2") shows the oral pressure data.  Numbered measurement points indicate 
approximate measurement points of airflow events and letters approximate measurement points for 
pressure events.  Explanation of measurement points appears in the text. The double-shafted arrow 
indicates lack of elevated pre-trill airflow.   Prime symbols on letters indicate the second tap of the 
trill.  Note that the first two measurements are taken at the same point for post-consonantal tokens 
produced without pre-flow. 
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Figure 3.4.  Post-consonantal, two-tap trill in the noun phrase un ratón, ‘a rat’, pronounced by an 
advanced non-native speaker, without elevated “pre-flow” prior to the first closure of the trill.  The  
top line shows the waveform (as recorded by a microphone in the airflow mask), the second line 
("Ch #1") shows the oral airflow data, and the bottom line ("Ch#2") shows the oral pressure data.  
Numbered measurement points indicate approximate measurement points of airflow events and 
letters approximate measurement points for pressure events.  Explanation of measurement points 
appears in the text.   Prime symbols on letters indicate the second tap of the trill.   
 
 

 

For post-consonantal trills in which no pre-trill rise in airflow (“pre-flow”) occurs, 

the first two measurements (Points 1 and 2 in the Figure 3.3) are the same.  This is 

desirable in order to provide a suitable comparison of airflow at the first measurement 

points in trills in the different environments.  When there is no pre-flow, the first 

measurement point is a low or no-flow point similar to that of word-initial trills.  The first 

measurement (Point 1) is at the peak of the pre-trill rise in airflow, while the second 

measurement (Point2) is at the same low-flow point preceding the trill as measured for 

the other environments.  As in measurements of word-initial tokens, where pre-flow 

occurs the first measurement is the peak of that pre-trill rise in airflow.  For both kinds of 

tokens the second and subsequent measurements were taken in the “odd = peak, even = 

valley” sequence described above as described for word-initial trills. 
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Measurements for intervocalic trills were slightly different from those described 

for the other two environments.  Because the segment preceding the trill in this 

environment was a vowel, and there is oral airflow before the trill, the first measurement 

was taken at one of the final periods of the preceding vowel (Figures 3.5 and 3.6).  The 

second measurement was the minimum airflow preceding the flow rise corresponding to 

the first tap of the trill, and so on in the “odd = peak, even = valley” sequence previously 

described for the other environments above.   

 

 
 
Figure 3.5.  Intervocalic, four-tap trill pronounced in the word borra, 'erases', by a native Spanish 
speaker.  Airflow measurements are the same for all intervocalic trills in this study, as the time points 
at which measurements of intervocalic trills are taken do not shift depending on when air begins 
flowing at a high rate. The top line shows the waveform (as recorded by a microphone in the airflow 
mask), the second line ("Ch#1") shows the oral pressure data, and the bottom line ("Ch#2") shows 
the oral airflow data.  Numbered measurement points indicate approximate measurement points of 
airflow events and letters approximate measurement points for pressure events.  Explanation of 
measurement points appears in the text. The double-shafted indicates lack of elevated pre-trill 
airflow.   Prime symbols on letters indicate the second tap of the trill. 
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Figure 3.6.  Two-tap intervocalic trill, pronounced in the word borra, “erases”, by an advanced non-
native speaker.  Measurement points are the same for all subjects in intervocalic trills.  The top line 
shows the waveform (as recorded by a microphone in the airflow mask), the second line ("Ch#1") 
shows the oral pressure data, and the bottom line ("Ch #2") shows the oral airflow data.  Numbered 
measurement points indicate approximate measurement points of airflow events and letters 
approximate measurement points for pressure events.  Explanation of measurement points appears 
in the text.  Prime symbols indicate the second tap of the trill. 
 
 

3.2.4.4. Measurement points for oral air pressure 

Pressure was measured at the point where it begins to drop sharply as the tongue moves 

away from the alveolar ridge, corresponding to the beginning of the open portion of the 

tap (Point B in each of Figures 3.1-3.6), and again when the slope of the fall in pressure 

begins to level off, becoming notably less sharp (Point C in the figures), indicating 

consistent flow of air until the next point A when pressure increases again as the tongue 

once again rises toward the alveolar ridge.  Location of these time points without pressure 

values at them is sufficient to identify, measure and analyze the several component events 

that make up each tap of the trill.  These include the duration of each entire tap of the 

trill, the open quotient of each tap of the trill, the length of time it took to vent pressure 

for each tap.  The duration of each tap was measured from the initial rise in pressure as 

the tongue nears the contact point to the next such rise where the following tap occurs. 
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The open quotient of each tap is the proportion of a tap in the trill that is considered to be 

open, with the tongue away from the alveolar ridge.   Time to vent pressure refers to the 

amount of time measured from when pressure begins to drop until it levels off at a low 

point when the tongue is away from the alveolar ridge (See Figures 3.1–3.6).    

Because many trills, even by native speakers, have no more than two taps (Figure 

3.7), these measures are analyzed only for the first two taps.  The number of tokens with 

more than two taps is too small to permit a reliable analysis.     

 

3.2.4.5. Timing measures and their calculation 

Using the aforementioned measurement points, calculations were made of several 

components of the trill.  The timing components measured from pressure were duration 

of the individual taps of a trill, the duration of the closure of the individual taps of a trill, 

the open quotient of a given tap in a trill, the length of time required for venting pressure 

during a given tap of a trill, and the low-pressure points when the tongue is presumably 

farthest from its intended point of contact. The rationale for these measurements and their 

calculations will be explained below. 

Tap duration, or the duration of one entire tap of a trill, including both open and 

closed phases of the tap, is of interest to see if non-native speakers produce trills whose 

individual contacts are longer or shorter on average than those of native speakers.  Tap 

duration (the total duration of a single tap of the trill) is calculated by subtracting Point A 

(as labeled in Figures 3.1-3.6) of a given tap from the corresponding Point A of the 

following tap (An-An-1).  For example, the duration for the entire first tap of a trill was 
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calculated as (A2-A1), and the duration of the second tap would be calculated as (A3-A2), 

and so on.   

The durations of several component portions of each tap of the trill were also 

measured.  Closure duration refers to the difference in time from the point at which air 

pressure begins to rise sharply (Point A), indicating the beginning of closure, to the point 

at which pressure begins to fall sharply (Point B), indicating the beginning of the 

movement of the tongue away from the alveolar ridge.  Thus, closure duration for a given 

tap of a trill is calculated as (Bn-An), meaning the closure duration of the first tap of a trill 

is equal to (B1-A1), the second to (B2-A2), and so on.  

The open quotient of individual taps, or the proportion of a tap in the trill that is 

considered to be open, was of interest to determine if any given component part of a trill, 

including those that make up individual contacts, was produced differently by non-native 

speakers.  This measure was taken to see if non-native trills, which were predicted to be 

“breathier” than native ones, presented higher airflow during this portion of the trill.  The 

open quotient is calculated by dividing the closure duration by the duration of the entire 

tap and subtracting the resulting quotient from 1: 1- (Bn-An) ÷ (An+1-An).  Thus, the open 

quotient for the first tap of a trill is calculated as 1- (B1-A1) ÷ (A2-A1).   

The amount of time required to vent the pressure built up during each tap was 

calculated as (Cn-Bn).  That is, it is determined by subtracting the point at which pressure 

begins to decrease sharply (Point B) from the point where it begins to level off during the 

open portion of the tap (Point C).   This measurement is of interest for the same reason as 

the open quotient of tap contacts, namely, to see if non-native trills took less time to vent 
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pressure, which could be the case if a larger amount of airflow is present.  It is possible 

that if more airflow is passing through, pressure is forced to vent faster than in native 

trills where less airflow is present.  

Finally, the portion of lowest pressure, during which air is flowing most freely 

and pressure reaches a minimum during a given tap in a trill, is calculated as (An-Cn-1).  

This measurement represents the difference between the time at which pressure begins to 

rise sharply at the beginning of a tap (An) and the time at which pressure stops dropping 

sharply at the end of from the preceding tap (Cn-1). For example, the period of least 

pressure and maximum flow for the first tap of the trill is calculated as (A2-C1).  This 

measurement calculated the delay between one tap of a trill and the next.  It is not as 

obvious that excessive breathiness would affect this aspect of trilling, but this measure 

was used to help determine which specific aspects of trilling might differ between non-

native and native speakers. 

Not all calculations were possible for all taps of a trill.  In cases where time points 

were measured for points in two taps, no calculation was possible for the final tap of the 

trill because there was no tap beyond the final one from which to make a measurement.  

For example, in a three-tap trill, the open quotient for the first tap is calculated as 1- (B1-

A1) ÷ (A2-A1), as seen above.  The second tap is calculated as 1- (B2-A2) ÷ (A3-A2).  

However, no calculation is possible for the third tap of the trill because for the required 

equation 1- (B3-A3) ÷ (A4-A3).  Measurements that require data from a following tap 

cannot, of course, be calculated for the final tap of a trill.   
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3.2.4.6. Number of taps per trill 

Analysis of number of contacts was carried out by counting the number of large rises in 

pressure followed by a sharp drop, the number of times airflow rose and fell, and by 

verifying the number of amplitude peaks in the segment.  If the rise in pressure was 

accompanied by a low point in amplitude and a low point in airflow, that period in the 

trill was considered one contact, or tap.  Generally, the contact of the final tap of the trill 

is considerably weaker than those preceding it, as the tongue perhaps does not even make 

contact with a passive articulator as the trill transitions to the following vowel, possibly 

only approaching the alveolar region and not contacting it.  This can be seen in Figures 

3.1 and 3.2., in which a large drop in amplitude and a rise and fall in pressure are clearly 

visible for the final tap of the trill, although it these are considerably smaller than in 

preceding taps. This measurement is of interest because it is possible that due to lack of 

native-like control of the aerodynamic mechanisms involved in trill production, the 

duration of segments produced by learners could differ from that of natives.  If non-

native speakers are less able to sustain trills once they’ve initiated them, they will exhibit 

a lower mean number of taps per trill than native speakers.  Conversely, such a lack of 

aerodynamic control could mean that learners are unable to stop trills as quickly as native 

speakers can once they’ve initiated them, resulting in non-native trills with statistically 

more contacts than those of native speakers.  
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3.3. Results  

Because of the low numbers of subjects in the first-semester and fourth-semester groups 

for this experiment, these two learner-levels were combined with the intermediate level in 

order to have enough subjects in each group for reliable statistical analysis.  Thus, 

statistical analysis was carried out for Experiment 2 using three learner-levels (first-

semester, fourth-semester and intermediate combined into one group, the advanced non-

native speakers, and the native speakers) instead of the five learner-levels into which 

subjects had been divided for Experiment 1.  This conflation of learner levels reduces 

what can be learned about learners at the same individual levels studied in Experiment 1, 

but it also reflects the fact that low-level learners are primarily in the process of 

categorical acquisition of the ability to trill at all.  Because the focus of Experiment 2 is 

on what non-natives' successful trills are like, the low number of low-level subjects is 

simply a reflection of the two types of learning that may be involved for trills (categorical 

and gradient), and not a failing of the study.  The grouping of subjects into a lower-level 

group and an advanced group still provides three groups (those two plus native speakers) 

for comparison. 

 Results below are presented beginning with the mean number of taps per trill.  

Then, the results for the various measures in which timing of the different articulatory 

events that occur in each tap of the trill are presented.  Finally, airflow results are given. 
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3.3.1. Mean number of taps per trill 

Recordings were analyzed to determine the number of taps produced as part of the trill in 

each case.    Figure 3.7 below shows mean number of taps per trill by learner-level.   
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Figure 3.7.  Mean number of taps per trill, by phonological environment and learner-level.  Stars 
indicate significant simple effects of learner-level for the word-initial and intervocalic positions.  
“Lower” refers to the lowest three learner-levels—first-semester, fourth-semester, and 
intermediate—conflated into one group; the abbreviations “ADV” and “NSS” refer to the advanced 
learner-level and native Spanish speakers, respectively.  The symbol #__ refers to word-initial, post-
pausal position, V_V refers to intervocalic position and C./r/ refers to post-consonantal position.    

 

An ANOVA was run with number of taps per trill as the dependent variable.  

Phonological environment (initial, intervocalic, post-consonantal) was a within-subjects 

factor and learner-level (lower, advanced, native) was a between-subjects factor.  There 

was a significant main effect of learner-level (F(2,18) = 3.670, p < .05) and a significant 
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main effect of phonological environment (F(2,36) = 11.052, p < .001).  The interaction of 

these factors was also significant (F(4,36) = 5.836, p < .05), so the simple effect of 

learner-level was tested for each phonological environment separately.  The simple effect 

of learner-level in word-initial position was significant at F(2,18) = 4.836, p < .05, and 

the simple effect of learner-level in intervocalic position was significant at F(2,18) = 

3.704, p < .05, in both cases with natives showing more taps per trill than both groups of 

learners.  However, the simple effect of learner-level in post-consonantal position was not 

significant: F(2,18) = 1.264, p < .307. 

Because of the significant simple effects found for learner-level on number of 

contacts per trill in word-initial and intervocalic position, post-hoc comparisons of 

learner-levels were conducted.  These tests are important to determine whether advanced 

learners have made progress in improving their trills, moving beyond the non-native 

qualities of the lower-level learners.  Advanced learners produced fewer taps per trill than 

natives F(1,15) = 9.223, p < .05 but did not differ from lower-level learners F<1.  There 

was a significant effect of learner-level for this factor in the comparison of the advanced 

learners and the native speakers.  

The same test was applied to intervocalic data, and in the comparison of the 

lower-level and advanced learners there was no significant effect of learner level, F(1,13) 

= .548, p = .470.  However, as before, there was a significant effect between advanced 

learners and native speakers F(1,13) = 9.099, p < .05.  As in word-initial position, the 

non-native groups produced fewer taps per trill than native speakers. 
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3.3.2. Intraoral pressure results (trill timing) 

3.3.2.1. Closure duration 

The dependent variable of closure duration for the first two taps of the trill was measured 

from Point A, where pressure begins to rise, to Point B of the same tap, where it begins to 

fall (Bn-An).  The means were submitted to separate ANOVA analyses, one for each tap 

of the trill (Figures 3.8 and 3.9).  Each tap was analyzed separately in order to see if there 

was any difference in performance at the initiation of trilling vs. trilling once it has 

begun.   
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Figure 3.8. Mean Closure Duration, first tap of trill.  A star indicates a significant simple effect of 
learner-level. 
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There was a significant main effect of phonological environment (F(2,36) = 

22.788, p < .001).  There was also a significant effect of learner-level (F(1,18) = 6.190, p 

< .01), and a significant interaction between environment and learner-level (F(4,36) = 

5.550, p = .001).   

The simple effect of learner-level was significant for word-initial position 

(F(2,18) = 13.958, p < .001), with native speakers having the greatest closure duration.  

There was no significant effect of learner-level for intervocalic position (F(2,18) = 1.456, 

p = .259), or for post-consonantal position (F(2,18) = 2.354, p = .124), although both 

showed non-significant tendencies in the same direction as the significant effect in initial 

position.  Post-hoc tests compared subject levels in word-initial position, as this was the 

only phonological environment in which there was a significant simple effect of learner 

level.  There was no significant effect of learner-level in the comparison of the lower-

levels group and the advanced group, F(1,15) = .068, p = .797, but there was a significant 

effect in the comparison of the advanced learners and native speakers, F(1,13) = 17.772, 

p < .005, indicating that once learners are able to produce trills—as all subjects in this 

study could—their trills do not improve or grow more native-like on this measure with 

more experience; advanced learners are still significantly different from natives on this 

(and previous) measures. 

Closure duration data for the second tap of the trill were analyzed with the same 

method.  There was no significant main effect of phonological environment (F(2,36) = 

1.404, p = .259. Likewise, there was no significant main effect of learner-level and no 

significant interaction of the two factors (both F<1), obviating further statistical analysis 
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(Figure 3.9 below).  Although the native speakers did have the longest closure durations 

for the second tap, as for the first, this difference was far smaller than for the first tap.  

Native tap closures were only approximately 2 ms longer than non-natives' for the second 

tap, whereas in initial position for the first tap (the significant effect), the difference is 

approximately 17 ms, but still not statistically significant.  
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Figure 3.9.  Mean closure duration for the second tap of trill.   
 

3.3.2.2. Time to vent pressure 

The time to vent pressure for the trill was measured from the point at which pressure 

began to fall as the open phase of the tap began (Point B) until it began to level off 

between contacts (Point C) and was calculated as (Cn-Bn) (cf. Figures 3.1–3.6) and the 
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resulting data was submitted to ANOVA analysis with time to vent oral pressure as the 

dependent variable.  This measurement calculates the time it takes for pressure built up 

behind the tongue to vent when the tongue leaves the alveolar region during the open 

portion of each tap.  For the first tap of trills (Figure 3.10; C1-B1) there was a marginal 

main effect of phonological environment (F(2,36) = 3.054, p = .060), with speakers 

taking longer to vent pressure for a post-consonantal trill than in other environments.  

There was no significant main effect of learner-level (1,18) = .126, p = .883, and no 

significant interaction between these two factors (F(4,36) = .742, p = .570. 
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Figure 3.10.  Mean time to vent oral pressure, first tap of trill.   
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For the second tap of trills (Figure 3.11, C2-B2), there was a significant effect of 

phonological environment on the time to vent pressure: (F(2,36) = 3.588, p < .05.  

Pressure took longer to vent in the second tap only in word-initial, post-pausal position. 

There was no significant main effect of learner-level (F(1,18) = .359, p = .703, nor was 

there a significant interaction: F<1.  Thus, for both the first and second taps, learners' 

trills were native-like with respect to how long it takes to vent pressure as each tap 

releases. 
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Figure 3.11. Mean time to vent oral pressure, second tap of trill.   
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3.3.2.3. Delay between taps in a trill 

The portion of the trill occurring between the leveling of pressure following one 

tap and preceding the next was calculated as (An-Cn-1) (see Figures 3.1–3.6) and 

submitted to ANOVA analysis as the dependent variable.  For the first tap of trills (Figure 

3.12; A2-C1) there was a significant main effect of learner-level (F(2,18) = 9.794, p = 

.001.  Lower-level learners produced trills with a longer delay between taps than the other 

subjects.  There was no significant main effect of phonological environment, and no 

significant interaction of environment and learner-level, both F<1. 

In order to see if further gradient acquisition took place on this measure after 

learners were able to trill, post-hoc comparisons were carried out to compare the lower-

level learners to the advanced learners, and the advanced learners to native speakers.  

This was done for all phonological environments, because the effect of learner-level was 

significant across all environments.   
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Figure 3.12. Mean period of lowest pressure between the first and second taps of the trill.   
 

In the post-hoc comparison of the lower-level group and the advanced group, in 

word-initial position advanced learners had shorter delays than the lower-level F(1,15) = 

28.515, p < .005, but longer delays than natives F(1,13) = 5.292, p < .05.  In intervocalic 

position, advanced learners had shorter delays than the lower level F(1,16) = 13.867, p < 

.005, but did not differ from native speakers F(1,13) = .004, p = .953.   In post-

consonantal position, advanced learners did not differ from either the lower-level group 

F(1,14) = 3.174, p = .097, or from the native speaker group, F(1,13) = .668, p = .428  

Thus, in initial position, learners show a "stairstep" pattern of gradient acquisition, while 
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in intervocalic position, advanced learners pattern with natives, showing that their trilling 

has progressed beyond that of the lower-level learners on this measure. 

For the delay between the second and third taps of the trill (A3-C2), not all 

speakers’ data could be analyzed because, as in the case of closure duration and time to 

vent pressure, the measurement of this factor relied on subtraction from a measurement 

taken from the third tap of a trill, and not all subjects produced even one three-tap trill, 

leaving less data for statistical analysis than for the delay between the first and second 

taps.  This left only three subjects in the conflated lower levels group and eight in the 

advanced group.  Data from the remaining subjects is shown in Figure 3.13.  There was a 

significant main effect of phonological environment (F(2,28) = 3.731, p = .037), with 

subjects producing longer delays in post-consonantal position than in the other 

environments.  There was no significant main effect of learner-level: F(2,14) = 2.429, p = 

.124.  There was no significant interaction of learner-level and phonological 

environment: F(4,28) = 2.513, p = .064.  Note that the non-significant direction of effect 

is the same as for the preceding tap, showing longer delays for lower-level learners while 

advanced appear to mostly pattern with natives.   However, with so few lower-level 

subjects left this is not reliable despite being consistent with the results from the first tap.   
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Figure 3.13.  Low-pressure period between second and third taps of the trill. 
 

3.3.2.4. Total duration of tap 

The total duration of a given tap in a trill was measured by taking the time at 

which pressure began to rise sharply and subtracting that value from the time at which 

pressure began rising sharply in the following tap (An-An-1 in Figures 3.1–3.6 above).  

Data for the first tap appears in Figure 3.12 and for the second in Figure 3.13.  The main 

effect of phonological environment was significant (F(2,36) = 16.161, p < .001.  There 

was no significant main effect of learner-level, however: (F(2,18) = 2.301, p = .129.  The 

interaction of environment and learner-level was significant: F(4,36) = 3.523, p < .05.  
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Figure 3.14.  Duration of the first tap of trills.  The star symbol indicates a significant simple effect of 
learner level. 
 

There was a significant simple effect of learner-level for the word-initial position 

(F(2,18) = 5.504, p < .05, indicating that the first tap of native speakers’ word-initial trills 

were longer than those of non-native speakers.  There was at best a marginal significant 

simple effect of learner-level in intervocalic position (F(2,18) = 3.075, p = .071) in the 

same direction, and there was no significant simple effect in post-consonantal position 

(F(2,18) = .829, p = .452.  To determine whether learners’ trills grew more native-like on 

this measure over time, post-hoc tests compared the lower levels group to the advanced 

� 
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group and the advanced group to the native speakers.  Since the only significant simple 

effect of learner level on this measure was obtained for word-initial position, this was the 

only phonological environment tested.  The two groups of learners did not differ, F(1,15) 

= .809, p =.383. However, advanced learners had a significantly shorter tap than natives, 

F(1,13) = 8.398, p < .05.  Thus, the non-native speaker groups patterned together and 

neither patterned similarly to the native speakers, indicating that once learners manage to 

trill, their trills do not improve further over time on this measure. 

Data for duration of the second tap of the trill (Figure 3.15) were analyzed using 

the same method.  Because some subjects failed to produce any trills of more than two 

taps, and because the third tap is required to calculate the measurement of the duration of 

an entire tap in a trill, some subjects had to be excluded from statistical analysis of this 

measure.  Thus, the statistical power for this measurement is lower than it was for the 

measurement of the duration of the first tap.  
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Figure 3.15. Mean tap duration for second tap of trill.   
 

There was no significant main effect of phonological environment (F(2,28) = 

.503, p = .610.  There was also no significant main effect of learner-level (F(1,14) = 

1.112, p = .356.  Finally, there was no significant interaction of these two factors: F(4,28) 

= 1.962, p = .128.  While these effects failed to reach significance, it is interesting to note 

the apparent pattern in the non-significant trends shown in the figures.  Here, we see a 

tendency for lower-level speakers’ individual contacts to be longer than those of 

advanced speakers, but they are only longer than the native speakers’ contacts in the 
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second tap of trills, and are shorter than native speakers’ values in the first.  However, 

this effect is of course non-significant, and is from a subset of subjects.  

 

3.3.2.5. Open quotient of each tap 

The open quotient refers to the proportion of individual tap in a trill during which 

the tongue is away from the alveolar ridge, that is, the proportion during which the vocal 

tract is open.  The open quotient of each of the first two taps of the trill is calculated as 1- 

(Bn-An) ÷ (An+1-An) which is the division of the closure duration by the duration of the 

entire tap and subtracting the resulting quotient from 1.  The data for the open quotient 

was submitted to ANOVA analysis as a dependent variable [fig. numbers somewhere].  

For the first tap, there was a significant main effect of phonological environment (F(2,36) 

= 18.817, p < .001) and a significant main effect of learner-level as well: F(1,18) = 

14.645, p < .001.  The interaction of these two factors was also significant (F( 4, 36) = 

3.494, p < .05).  Learners’ open quotient during the first tap of the trill was lesser than 

that of native speakers, although the significant interaction indicates that this effect 

differs across environments. 
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Figure 3.16. Mean open quotient of the first tap of the trill.  Proportion of the tap during which the 
tongue is not making a closure.  Stars indicate significant simple effects of learner-level.   
 

Because the interaction of phonological environment and learner-level was 

significant, the simple effects of learner-level were tested. Native speakers produced a 

shorter open quotient than non-natives word-initially (F(2,18) = 30.988, p < .001).  There 

was no significant simple effect of learner-level in intervocalic position: (F(2,18) = 2.295, 

p = .130), but the pattern was in the same direction as for the other environments.  The 

simple effect of learner-level in post-consonantal position was also significant (F2,18) = 

6.630, p < .05, with greater proficiency levels showing a decrease in open quotient.    

 

� �
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 Post-hoc comparison of the lower-levels group to the advanced group, and of the 

advanced group to the native speaker group, was carried out for word-initial and post-

consonantal position.  No significant effect of learner-level was found in the comparison 

of word-initial data for the lower-levels and advanced learners (1,15) = 2.812, p = .114).  

There was a significant effect of learner-level in the comparison of the advanced and 

native speaker groups: F(1,13) = 39.015, p < .005.  Thus, in word-initial position, the 

learner groups pattern together, indicating lack of continued improvement on this 

measure.  In post-consonantal position, there was a significant effect of learner-level in 

the comparison of the lower levels group and the advanced group, F(1,14) = 4.804, p < 

.05, and also in the comparison of the advanced learners and native speakers: F(1,13) = 

5.087, p < .05.  Thus, the advanced learners differ from the other two learner groups, 

showing acquisition that continues over time in a stairstep pattern in post-consonantal 

position. 

For the open quotient data gathered for the second tap of the trill (Figure 3.17), 

the same analysis was performed.  Neither main effect nor the interaction of the two 

factors was significant (F<1 for all effects).  Thus, although phonological environment 

and learner-level affected how much of the first tap of the trill was spent in the open and 

closed phases, the proportion open/closed was realized in the same way during the second 

tap for all learner-levels and environments.  It is possible, however, that the lower 

statistical power of these tests is due to the lower number of subjects in this analysis.  Not 

all lower-level subjects produced at least one three-tap trill.  It is nevertheless interesting 

that the non-significant effect is in the same direction as the significant one for the first 
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tap of the trill.  The effect is much smaller because all learner levels are within about 10 

msec of each other for the second tap, but about 20 msec for the first. 
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Figure 3.17.  Mean open quotient for the second tap of the trill.   
 

3.3.3. Results of airflow measurements  

The measurements in this subsection are for three levels of environment: word-initial, 

post-consonantal and intervocalic.  The airflow data were submitted to a three-way 

ANOVA, with within-subjects factors of phonological environment and flow 

measurement point.  The between-subjects factor was learner-level.  Using this statistical 

design, a main effect of measurement point primarily indicates that airflow is greater 

when air is flowing out of the vocal tract than when it is not.  However, the interaction 
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between measurement point and learner-level can be used to evaluate whether learner-

level affects how speakers produce their trills.  For example, a greater difference between 

peak and valley airflow for learners than for natives would indicate breathier trills, and 

would be reflected as an interaction of measurement point and learner-level.  The three-

way interaction indicates whether such differences are the same for all phonological 

environments or not.  The levels of the measurement point factor were the first four 

measurements and the final measurement (Figures 3.1–3.6).  These measurements 

correspond to how the speaker transitions into the trill, and the articulatory events of the 

first two taps of the trill.  The last of these measurements indicates how the speaker ends 

the trill.  The first measurement represents either a high-flow peak or a relatively neutral 

flow valley, depending on the presence or absence of “pre-flow” before the first pressure 

rise of the first tap of the trill.  Taps beyond the second one were not analyzed because so 

many tokens lack a third tap.  Measurements were therefore not analyzed beyond the 

measurement point 5 on the airflow graph and C′ on the pressure graph, as those points 

were considered as the end of the second tap for their respective measurements. 

In the three-way ANOVA, there were significant main effects of the within-

subjects factors of airflow measurement point (F(4,72) = 163.049, p < .001), and 

phonological environment (F(2,36) = 12.795, p < .001).   There was no significant main 

effect of the between-subjects factor of learner-level: F (2,18) = .430, p > .05.  The three-

way interaction was not significant: F(16, 144) = 1.473, p > .05.  Only one of the two-

way interactions was significant.  The interaction of phonetic environment and 

measurement point was significant, at F(8,72) = 23.311, p < .001.  The interaction of 
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learner-level and environment was not significant, F(4,36) = 2.122, p > .05, nor was the 

interaction of learner-level and measurement point: F(8,72) = 1.89, p > .05.  However, 

these two interactions could be considered marginally significant given their p levels 

(.098 and .084, respectively).1   

The data were split by phonological environment to test the interaction of learner 

level by measurement point for word-initial position, which was significant: F(8,72) = 

2.230, p < .05.   In intervocalic position there was a significant main effect of 

measurement point, F(4,72) = .232.201, p < .001, but no significant interaction of 

measurement point and learner-level, F(8,72) = .366, p > .05.  In post-consonantal 

position there was a significant main effect of measurement point, F(4, 72) = 104.802, p 

< .001, but no interaction of measurement point and learner-level, F(8,72) = 1.869, p > 

.05.  Therefore, no further testing of simple effects was performed for intervocalic or 

post-consonantal positions. Because the interaction of learner level by measurement point 

was significant for initial position, the effect of learner-level for each measurement point 

was tested for that position only.    

                                                 
1 Because the “peak” measurement points in which more air is flowing are more informative than those 
with low or no flow, (“valleys”), an Anova was run on just the first, third and final measurement points of 
the tap, which correspond to moments of potentially higher airflow. There was a significant main effect of 
phonetic environment, F(2,36) = 17.513, p < .001.  There was a significant main effect of measurement 
point, F(2,36) = 63.495, p < .001.  There was no significant main effect of the between-subjects factor of 
learner-level, F(2,18) = .289, p > .05.  There was no significant interaction of phonetic environment with 
learner-level, F(4,36) = 2.017, p > .05.   There was a significant interaction of measurement point and 
learner level, F(4, 36) = 3.251, p < .05, and a significant interaction of phonetic environment and 
measurement point, F(4,72) = 26.661, p < .05.  There was no significant three-way interaction, F(8,72) = 
1.558, p > .05. Given that two of the two-way interactions are significant when only the measurement 
points with vocal tract opening are included, this gives additional reason to split the overall analysis by 
phonological environment. 
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For word-initial position, the simple effect of learner-level for the first 

measurement point was marginally significant F(2,18) = 3.176, p = .066, but this lack of 

significance probably reflects a lack of power rather than true lack of an effect2.  For the 

second measurement point the simple effect of learner level not significant, F(2,18) = 

.176, p > .05.  It was also non-significant for the third measurement point: F(2,18) = .385, 

p > .05.  

Both non-native groups pronounce their trills with greater airflow at the first 

measurement point than the native speakers, meaning that non-native trills have a 

tendency to be “breathier”.  All groups’ airflow is similar at all other measurement points, 

indicating that the airflow difference between native and non-native trills is very short-

lived.  

Post-hoc comparison of first measurement point data for the three subject groups 

in word-initial position revealed a pattern in which the lower-level learners and the 

advanced learners were statistically similar: F(1,15) = .031, p = .863.  However, the 

                                                 
2 These results are likely non-significant owing to the fact that some subjects failed to trill in post-

consonantal position, meaning their data were not analyzed in the full Anova.  When the post-consonantal 
position is excluded and more speakers’ data are therefore included in the analysis, the results reach 
significance: In the three-way ANOVA, there were significant main effects of the within-subjects factors of 
flow measurement point (F(4,68) = 214.455, p < .001) and phonological environment (F(1,17) = 37.122, p 
< .001.  There was no significant main effect of the between-subjects factor of learner-level (F(2,17) = 
.430, p = .657.  All three two-way interactions tested were significant: phonological environment and 
learner-level (F(8,68) = 7.591, p < .005), airflow measurement point and phonological environment 
(F(4,68) = 30.544, p < .001, and airflow measurement point and learner-level (F(8,68) = 2.548, p < .05.  
There was a significant three-way interaction (F(8,64) = 3.743, p = .001.   

Because of the three-way interaction, a two-way ANOVA was then performed for each 
phonological environment, testing effects of learner-level (between subjects) and measurement point 
(within subjects).  In word-initial position, there was a significant main effect of measurement point 
(F(4,68) = 123.182, p < .001).  There was no significant main effect of learner-level, F(2,17) = 1.213, p 
=.322.  There was a significant interaction of measurement point and learner-level, F(8,68) = 4.461, p < 
001.  Simple effects of learner-level were tested for each measurement point in word-initial position.  The 
simple effect of learner level in word-initial position was only significant for the first measurement point 
(Fig. 3.18): F(2,17) = 6.072, p < .05.  No significant simple effects were obtained for learner-level for the 
other measurement points; all were F<1.    
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advanced learners did have significantly greater airflow than natives at this time point: 

F(1,13) = 14.710, p < .005, indicating that once learners trill, they make no further 

improvement in the amount of airflow they use to initiate word-initial trills, instead 

remaining non-native in this aspect of trilling.  These results contain the larger set of 

speakers, including those who failed to trill in post-consonantal position. 
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Figure 3.18.  Word-initial oral airflow data.  Measurement points are those described in Figures 3.1-
3.6. Measurement point 1 corresponds to a point before the first rise in pressure (“Msmt 2”) 
signaling the first closure of the trill.  In native speakers this was a largely arbitrary point as no 
airflow change occurred prior to the second measurement.  In non-native speakers this point could 
be the same as for native speakers or at the high point of airflow in the case of elevated airflow before 
the first pressure increase.  Subsequent measurements indicate high and low points in airflow 
according to whether the individual tap of the trill was in its open or closed phase. Measurements 2 
and 4 correspond to low-pressure and measurements 3 and 5 correspond to points of high pressure. 
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The two-way ANOVA testing learner-level and measurement point was also used 

for the intervocalic data (Figure 3.19).  There was a significant effect of measurement 

point (F(4,68) = 235.609, p < .001), but no significant main effect of learner-level (F<1), 

and no significant interaction (F<1), eliminating the need to test simple effects. Thus, for 

intervocalic trills, natives and non-natives both unsurprisingly showed greater airflow 

when the vocal tract was opened than when it was closed, but they did not differ in how 

they did this over the course of the trill.  Unlike in word-initial position, non-natives did 

not produce elevated airflow when initiating intervocalic trills.  Examination of Figure 19 

shows that there was not even a non-significant trend in this direction. 
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Figure 3.19.  Intervocalic airflow data.  Measurement points are those described in Figures 3.1-3.6.  
Measurement point 1 corresponds to a point before the first rise in pressure (“Msmt 2”) signaling the 
first closure of the trill.  In native speakers this was a largely arbitrary point as no airflow change 
occurred prior to the second measurement.  In non-native speakers this point could be the same as 
for native speakers or at the high point of airflow in the case of elevated airflow before the first 
pressure increase.  Subsequent measurements indicate high and low points in airflow according to 
whether the individual tap of the trill was in its open or closed phase. Measurements 2 and 4 
correspond to low-pressure and measurements 3 and 5 correspond to points of high pressure. 
 
 

3.4. Discussion  

3.4.1. Review of possible types of learning 

The purpose of Experiment 2 was to study the aerodynamic qualities of Spanish trills and 

to determine what, if any, differences could be found between native and non-native 

speakers’ production of trills.  At issue was whether non-native speakers learning Spanish 
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as a second language acquire the trill “categorically,” from the time they are able to 

produce trills, producing trills that were native-like, or if L2 acquisition of trills proceeds 

gradually, with learners producing trills that differ in some way from those of native 

speakers, their production growing increasingly like native production over time.  It is 

also possible that some combination of these two is possible.   

There are several logical possibilities for how second language acquisition of trills 

proceeds.  First, it is possible that learners make a categorical jump from not trilling to 

trilling, and that their L2 trills are immediately native-like (1).  A second, related 

possibility is that learners jump categorically to trilling, trill in a non-native-like way 

despite the tight aerodynamic requirements, and then fail to make any additional 

progress, displaying categorical acquisition (a jump to non-native-like trilling) only (2).  

A third possibility is that learners jump to non-native-like trilling categorically, then 

make a later jump to native-like trills categorically, involving two steps of categorical 

learning (3).  There is yet another, fourth possibility.  This is that learners jump to non-

native-like trilling categorically, and then make further progress gradiently, becoming 

gradually more native-like in their trilling (4).  That is, they begin to trill in a non-native-

like way, but then the characteristics of their trills show gradient improvement as 

proficiency increases.  There are two ways that this could occur:  (4a) learners later 

improve in categorical fashion on some features of their trilling, but not all features.  A 

variant on this possibility is (4b): learners later improve gradually on some features. This 

would mean that advanced learners are better on those features than lower-level learners, 

but still not native-like on those same features, so that their trills are intermediate 



   181

between lower-level speakers and native speakers in some aspect of trilling.  That is, 

advanced learners may not pattern similarly to lower-level learners, but at the same time 

they do not pattern similarly to native speakers, instead showing improvement in the 

direction of native-like production on a given measure. 

 

3.4.2. Summary of pattern of results  

Because little is known about the details of second language acquisition of trilling, this 

experiment investigated a great many measures of various aspects of the trills.  Among 

the various measures, in various phonological environments, four patterns of results 

emerged, corresponding to those described in 3.4.1:  The results for the effect of learner 

level are summarized in Table 3.3. 
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Measure 
Figure 
above 

Phon. 
Env. 

Pattern Direction of effect 

Number of taps per 
trill 

3.7 #__, V_V 
Advanced learners with lower-
level learners 

learners have fewer 
taps/trill than natives 

Closure duration, 
1st tap 

3.8 #__ 
Advanced with lower-level learners have shorter 

tap closure than natives 
Total duration, 1st 
tap 

3.14 #__ 
Advanced with lower-level learners have shorter 

tap than natives 

Open quotient, 1st 
tap of trill 

3.16 

V_V 

Advanced with lower-level 
 
 

Learners’ open 
quotient on 1st tap is 
longer than native 
speakers’ 

C./r/ 
Stairstep The lower the learner 

level, the longer the 
open quotient is 

Delay between 1st 
and 2nd tap of the 
trill 
 

3.12 
 

V_V 

Advanced with native speakers other groups have 
shorter low-pressure 
phase than lower-level 
learners 

#__ 

Stairstep  Length of delay 
decreases at each level 
of increasing 
proficiency 

C./r/ 
no effect of learner level (all 
learners equivalent to natives) 

N/A 

Time to vent 
pressure, 1st and 
2nd taps 

3.10 All env's. 
no effect of learner level (all 
learners equivalent to natives) N/A 

Closure dur., 2nd 
tap 

3.9 All env's. 
no effect of learner level, but 
insufficient statistical power due 
to lack of 3rd tap data 

N/A 

Mean airflow at 
beginning of 1st tap 

3.18 

V_V 
no effect of learner level (all 
learners equivalent to natives) 

Learners pattern like 
natives 

#__ 
Advanced with lower-level Learners produce trills 

with greater initial 
airflow than natives 

C./r/ 
no effect of learner level (all 
learners equivalent to natives) 

Learners pattern like 
natives 

 
Table 3.3. Summary of patterns found in aerodynamic data. 
 

 Many measures showed lower-level learners patterning like advanced learners, 

indicating that no further improvement beyond simply producing a trill was made, that is, 

demonstrating native-like production on those measures.  One measure showed advanced 

learners patterning with native speakers, indicating that these learners had acquired 
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native-like production on the values in question.  Some measures presented a “stairstep” 

pattern of acquisition, in which lower-level learners patterned differently from the 

advanced learners, who in turn patterned differently from the native speakers, 

demonstrating a pattern of gradual improvement on that measure as proficiency level 

increased.  Finally, a pattern of no difference between natives and non-natives was found 

for certain measures, implying that once learners were able to trill, their trills were 

immediately native-like on these measures. 

 

3.4.3. Do native and non-native speakers trill differently?   

Non-native speakers’ trills are statistically different from those of native speakers on 

several measures, indicating that while learners may succeed in producing trills, their 

production is not identical to that of native speakers.  While some groups of learners 

patterned with native speakers on some measures, there were numerous others where they 

were measurably different from natives.   Additionally, the pattern of effects varied 

depending on the measure being tested and on phonological environment.   This finding 

rules out the possibility of one-step categorical acquisition of aerodynamically fully-

determined trills of the kind native speakers produce.  While considerable variability was 

found in native vs. non-native trills, this variability was not found to be categorical on all 

measures studied for a given variable.  Most measures with sufficient data for good 

statistical tests had significant differences among learner levels in at least some 

phonological environment.  Thus, when learners become able to trill as an L2 segment, 

they do not yet produce the trill in the same way as natives do.  Differences in production 
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between non-native and native speakers were found both in finely detailed aerodynamic 

measures as well as on more general measures.  Differences were found in the measures 

that constitute the component articulatory events of the trill, such as the open quotient of 

the first tap of the trill, the closure duration of the first tap and the delay between the first 

and second taps, as well as in the more general measurements like amount of airflow in 

trill production, number of taps per trill and total duration of the first tap of the trill.  

Table 3.3 gives a summary of the various patterns of results according to measure and 

phonological environment. 

 

3.4.4. Improvement in trilling after acquisition of the trill 

One of the main research questions for this project was whether non-native Spanish 

speakers made further improvement in their trills after acquiring the ability to make them.  

That is, once they were able to make trills, did their trills “fossilize” with no further 

progress towards native-like trills, or did their trills show ongoing progress towards 

nativeness?  Another possibility was that learners’ trills could be instantly native-like 

once they were able to produce trills, but that possibility was ruled out, as discussed in 

3.4.3 above. 

The results displayed above show that learners do not immediately acquire native-

like trills, and that they do show patterns of improvement with increased proficiency.  As 

can be seen in Table 3.3, there are measures on which advanced learners pattern with the 

lower-level learners, indicating no further improvement beyond initial acquisition of 

trills.  However, there are several measures on which advanced learners pattern with 
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natives and differ from lower-level learners, or on which all three subject groups differ 

from one another, indicating improvement beyond the lower learner levels. On balance, 

the results show that learners do continue to make some improvement, albeit limited, in 

how they trill after making the initial jump to being able to produce non-native-like trills.  

Their improvement can be said to be limited because the measures on which they make 

no improvement after the jump to being able to trill outnumber those on which they do 

show improvement.   

 

3.4.5. Progress beyond the initial jump to trilling:  Gradience vs. categorical 

improvement 

Several measures analyzed offer evidence that once learners are able to produce 

trills, they continue to improve in a gradient manner, acquiring more native-like features 

with increased proficiency.   Section 3.4.4 showed that further improvement in trilling 

takes place after learners make the initial “jump” to being able to produce trills.  In this 

section, the specific manner in which that improvement occurs is discussed.  As 

delineated in section 3.4.1, improvement from a non-native-like trill toward a native-like 

one could be either categorical, showing a second sudden jump to a native-like trill (4a in 

section 3.4.1), or else learners could improve gradually over time with growing 

proficiency (4b in section 3.4.1), improving beyond what lower-proficiency learners can 

do but not yet being native-like in some aspects of trilling.  

 Of course, it is also possible that little or no further improvement takes place once 

learners are able to produce trills.  It could be that their trills never become fully native-
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like, remaining different from those of native speakers on at least some measures.  The 

cases described above in which the lower-level learners and the advanced learners show 

statistically similar production are examples of this apparent fossilization.  However, 

some measures do show continued improvement beyond the initial non-native-like trill, 

as shown in the previous sub-section (3.4.4).  These measures that do show improvement 

could show either gradient or categorical improvement. 

One measure showing gradient improvement is characterized by the stairstep 

pattern previously described.  This pattern shows that some improvement is made from 

lower-level to advanced level, but it is unknown whether learners’ trills eventually 

become fully native-like.  The stairstep pattern shows that learners make improvement 

from one learner-level to the next, but it also shows that advanced learners’ trills remain 

non-native-like in some way.  This indicates that gradient acquisition, of the kind usually 

associated with segments whose features can be measured on a continuum (VOT in stop 

consonants, formant values in vowels), is potentially ongoing.   

 When the advanced learners pattern similarly to the native speakers but differ 

statistically from the lower-level learners, this is also evidence that acquisition of trills 

continues beyond the initial, categorical leap to trilling, but in a different way than the 

stairstep pattern just discussed. This was the case for one measure, the delay between the 

first two taps in intervocalic trills. This kind of result differs from the stairstep pattern 

observed in the word-initial data for the open quotient of the first tap and in the post-

consonantal data for the delay between the first and second taps of the trill, in that it 

logically cannot be taken to necessarily demonstrate ongoing gradient acquisition of a 
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given measure.  What the data shows when advanced learners pattern with natives is that 

for some measures, acquisition of trills could be followed by a second jump to native-like 

trills.  What this pattern has in common with the stairstep pattern is that they both 

demonstrate ongoing improvement in at least some aspect of trilling beyond the initial 

acquisition of the ability to produce them.   

On the other hand, while two measures demonstrate gradient improvement in 

trilling in a stairstep pattern, only one measure—the delay between the first and second 

taps of the trill in intervocalic position— shows a categorical second jump to native-like 

trilling.  It is possible that this measure would show gradience if more learner levels were 

tested.  Additionally, since this is only one measure in one phonological environment, the 

evidence for this second step of categorical acquisition is not strong.  In sum, there is 

strong evidence that learners do continue to improve their trills after the initial jump to 

trilling, with stronger evidence for that happening gradiently than in a second categorical 

step. 

 

3.4.6. Two kinds of gradient acquisition: acquisition of some features of a sound but 

not others, vs. gradual acquisition of some features  

The sections above have shown that non-natives’ trills are not native-like (3.4.3), that 

learners' trills do then continue to improve on at least some measures (3.4.4), and that this 

continued improvement certainly includes a gradient component of gradual improvement 

on aspects of trilling, and may also include a second categorical jump on another aspect 

(3.4.5). There are two possible kinds of gradient acquisition of trill characteristics, 
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however.  The first is the stairstep improvement within one measure discussed in Section 

3.4.5, found for the post-consonantal data for the open quotient of the first trill and for the 

word-initial data for the delay between the first two taps of the trill.  However, another 

way learners can demonstrate gradience is that they improve on some features of their 

trilling, but not others.  This pattern shows advanced learners producing at least some trill 

characteristics that are statistically similar to those of native speakers, while some 

features remain non-native-like, as the advanced and lower-level learners pattern together 

on those measures.  Similarly, it is possible that learners produce dissimilar patterns on a 

given measure according to phonological environment, showing improvement in some 

phonological environments but not others.   

The pattern described above was the pattern observed in Figure 3.12 for the delay 

between the first and second contacts of trills, in which the stairstep pattern of acquisition 

showing statistical differences between all three groups was found for word-initial data 

but for intervocalic data the pattern observed was that advanced learners were producing 

native-like values on this measure (Table 3.3).  Specifically, stairstep patterns were found 

for the open quotient of the first tap of the trill in post-consonantal position, and in word-

initial position for the delay between the first two taps of the trill.  Advanced learners 

patterned with native speakers on the intervocalic data for the delay between the first two 

taps, indicating that they had made the jump to trilling and then later achieved native-like 

production on this measure.  In sum, learners do show gradient acquisition of the trill in 

the sense that they continue to improve on some aspects of their trilling, while not 

improving on others. 
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3.4.7. Timing of non-nativeness within a trill 

In the Introduction, it was suggested that non-native speakers might not possess native-

like control over the aerodynamic mechanisms involved in linguistic production, in 

analogous fashion to their lack of native-like control over the muscles that participate in 

movement of the active articulators such as the tongue.  It is plausible that the greater 

physical requirements involved in initiation of trilling in general, as described in Solé et 

al. (1998) and Solé (2002), combined with non-native speakers’ lack of native-like 

control of the aerodynamic requirements for Spanish trills, leads to the pattern observed 

in the first tap of the trill in non-native speech.  

As reported above, native speakers’ closure duration during the first tap of word-

initial trills was significantly longer than that of non-natives, as the advanced learners and 

the conflated lower-level speakers patterned similarly.  No significant effects were found 

in the closure duration of the second tap of trills.  This suggests that once trilling is 

initiated, natives and non-natives produce similar patterns of closure durations regardless 

of learner-level. This point will be discussed in more detail below. 

Such a result for closure duration might appear somewhat surprising at first, since 

it seemingly reflects slower articulation in native speakers than in non-natives.  One 

might expect that non-natives would exhibit longer closure duration in the first tap of a 

trill, as this is the initiation of the segment, which is considered the most physically 

demanding part of the segment to produce (Solé et al. 1998, Solé 2002). The initiation of 

trilling represents the transition from a prior segment or pause into the trill, and given the 
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physical requirements necessary for trilling, it is plausible that non-native speakers would 

be more likely to experience an articulatory slowdown during initiation of trilling than 

during a successful trill.  Indeed, Solé et al. (1998) found aerodynamic evidence that 

initiation of trilling is more difficult than sustaining trilling when they found that the 

amount of airflow required to initiate trilling was greater than that required to sustain it.  

It is possible, then, that general articulatory requirements for initiation of trilling, and not 

just aerodynamic requirements, are greater than those required for sustaining them.   

So, if initiation of trilling is in fact more physically demanding than sustaining 

trilling, what could account for the fact that native speakers’ closure duration during the 

first tap of word-initial trills is longer than that of non-natives?  It could be the case that 

non-native speakers, in an attempt to initiate trilling, produce a shorter closure precisely 

as a “short cut” to trill initiation, in other words a means of avoiding an articulatory 

slowdown caused by contacting the alveolar ridge with the tongue.  A non-native speaker 

lacking the lifelong experience of a native speaker could plausibly be reducing the length 

of contact he or she makes with the alveolar ridge as a means of sustaining articulation by 

not allowing contact between the active and passive articulators involved to become 

“stuck," threatening or interrupting the continued production of the segment.  As there is 

no previous, detailed research on trill length, let alone trill length by portion of each of a 

trill’s component parts, one may only conjecture on the subject.   

Solé’s claim is supported by the findings in Experiment 2 that show a clear 

pattern of pre-flow in non-native, word-initial trills which is categorically absent from 

native speech.  Learners, perhaps intuiting something about the requirements of trill 
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production, overshoot the airflow requirements for trill initiation and produce the 

“breathy” trills commonly heard in L2 Spanish.  The present findings suggest that this 

measure is also produced in native-like fashion after the first tap. 

Because significant differences were found almost exclusively in production of 

the first taps of trills, and not beyond (see Table 3.3), it appears that a distinction can be 

made between what occurs in trills during initiation of trilling and during sustaining of 

trilling.  Solé et al. (1998) and Solé (2002) mention the difference in aerodynamic 

requirements for initiation of trilling in comparison to sustaining trilling, namely, that 

initiation of trilling requires greater pressure buildup during closure and higher airflow 

than that which is needed once trilling has begun and the action of the tongue has been 

set in motion.  It could be due to these heightened aerodynamic requirements for the 

initiation of trilling that non-native speakers demonstrate the differences that they do in 

the first taps of their trills.  However, the fact that fewer tokens were analyzed in the tests 

on the second tap of the trill could be contributing to the results showing that significant 

differences occur on the first tap.  It is possible that with more data, more effects would 

have reached significance on the second tap data.  Even so, the non-significant effects for 

the second tap of the trill are typically in the same direction as the significant effects 

found for the first tap of the trill but with far smaller differences, and the large quantity of 

significant results for the first tap of the trill may be taken as evidence that the general 

finding that the first tap of the trill is different from the rest is likely true.   

If it is true that the heightened aerodynamic requirements for initiation of trilling 

are a contributing factor in the difference found in the first taps of non-native trills, it 
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perhaps makes sense that no significant difference was found in the subsequent taps of 

trills.  If the real difficulty in trill production lies in initiating them because greater 

aerodynamic forces are required at the beginning of the segment than in the middle, it is 

understandable that non-natives’ trills would pattern similarly to those of natives once 

past the first tap.  Once the trill is initiated, the Bernoulli Effect allows the trill to be 

sustained and become native-like after the first tap.   This effect is beyond the speaker’s 

control, acting once the aerodynamic forces required to initiate trilling set the tongue in 

the oscillating motion of the trill.   

It is therefore likely that non-natives’ lack of native-like control over aerodynamic 

mechanisms involved in trill production comes into play and produces a more 

pronounced effect in initiating the trill, when aerodynamic requirements are heightened, 

and that when they are reduced for sustained trilling, the Bernoulli effect sustains the 

action of the articulators and the issue of degree of active control over aerodynamic 

mechanisms becomes less important as it is less difficult to sustain articulator and 

aerodynamic action that is already occurring.  

 

3.4.8. Non-native-like trilling, phonological environment, and the physical 

requirements for trilling 

Although significant results were found for all phonological environments, as seen in the 

Results section for this experiment (see Table 3.3), fewer significant effects of learner 

level were obtained for intervocalic trills.  Learners only differed from natives in 

intervocalic position in number of contacts per trill and in the delay between the first and 
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second contact of the trill.  The predominance of significant results in word-initial 

position likely is a reflection of the requirements for trill production in that environment.  

In the case of word-initial trills, which in the case of this study were also post-pausal, the 

articulators are at rest and airflow is that of normal respiration.  The articulators must be 

moved into position and the articulatory configuration necessary for trill initiation must 

be assumed from a “dead stop.”  Post-consonantal trilling could be more difficult than 

intervocalic trilling because the tongue is already being held in a specific position for the 

preceding /n/, and is less free to begin vibrating with the directed airflow of the trill.  One 

possible contributing factor to failed trills could be that speakers are holding their tongues 

too stiff, which raises the amount of pressure and airflow needed to initiate trilling.  The 

tongue is likely in a relatively stiff position during production of /n/, which may help 

explain the difficulty observed in post-consonantal position (although see Lewis 2004 for 

another view on post-nasal trilling). 

That fewer significant effects were found in the intervocalic phonological 

environment raises the question of why this should be so when significant differences 

were found in other positions, and when initiation of trilling presumably requires higher 

airflow regardless of phonological environment.  Despite the fact that this aspect of trill 

production is similar regardless of the phonological environment in which the trill 

appears, it is possible that no significant effects were found for intervocalic trills because 

they are relatively easier to produce for native and non-native speakers alike, for the same 

reasons that the sustained portion of trilling showed no significant differences between 

native and non-native speakers, namely, that air is already flowing and articulator 
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movement is already occurring, eliminating the need to set these actions in motion from a 

“dead stop," which is likely more demanding than simply adjusting already flowing air 

and moving already moving articulators into position for the tongue to be set in its 

vibrating motion. 

 

3.4.9. Overall conclusions for Experiment 2  

Several patterns of acquisition of trill features have been identified and described in this 

chapter, and it has been shown that both categorical and gradient patterns of acquisition 

occur in the acquisition of Spanish trills.  Among the possible acquisition scenarios 

detailed in Section 3.4.1, two were ruled out: it was not the case that learners made the 

jump to entirely native-like trilling on (possibility (1), Section 3.4.1), and learners also 

did not begin trilling non-natively and then improve to fully native-like trilling later 

(possibility (3), Section 3.4.1).  Instead, learners’ pattern of acquisition differed among 

the various measures of their trills, and among phonological environments, rather than 

showing one uniform kind of acquisition.  On some measures learners made the jump to 

non-native trilling and then made no further improvement, thus their trills remained in 

some sense fossilized and non-native-like on those measures (possibility (2), Section 

3.4.1).  Other measures were observed in which ongoing, gradient improvement on a 

given measure took place, indicating that with experience learners’ trills grow more 

native-like on that aspect of trilling over time.  Two primary forms of gradient 

improvement in acquisition beyond initial acquisition of the ability to produce trills were 

identified: after acquiring the ability to trill, learners improve on some features of their 
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trilling, but not all features (possibility (4a), Section 3.4.1);  they also show patterns in 

which they later improve gradually on some features, such that advanced learners are 

better on those features than lower learners, but still not native-like on those same 

features in what was called a “stairstep” pattern: advanced learners pattern between 

lower-level and native speakers (possibility (4b), Section 3.4.1).  Learners also employ 

different patterns according to phonological environment in acquiring a given component 

part of a trill.   
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4.0. GENERAL DISCUSSION 

The main research questions of this dissertation concerned whether native English-

speaking learners of Spanish as a second language acquire the Spanish alveolar multiple 

vibrant consonant /r/, or trill, to a native-like degree.  The first experiment investigated 

whether learners’ frequency in trill production increased with proficiency level, and 

whether more advanced speakers produced trills at the same frequency as native 

speakers.   It also investigated what non-target segments they produced when they failed 

to produce a target trill.   The second experiment studied only successfully produced trills 

in order to investigate whether learners acquired /r/ with the same physical characteristics 

as native speakers.  The objective was to find out if measurable differences are observed 

between native and non-native trills, either in how often speakers trill or in how they trill 

when they do indeed trill.   

 

4.1. Overall summary of results  

The results of these two experiments allow for observation of two interesting 

facets of L2 production: whether learners are able to produce a given L2 sound, and what 

they produce when they are able to produce that sound.   The literature on L2 production 

is vast, but focuses almost entirely on the latter of the two.  That is, when production of 

L2 vowels and consonants is studied, it is generally the measurable production 

characteristics of the sound the learner produces that are analyzed, and these are generally 

measurably gradient characteristics, such as VOT in stop consonants and formant values 

in vowels (Flege 1991, 1995a). The study of trills permits the study of both, for two 
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reasons.  First, target trills are not always produced successfully in L2 (nor in L1, for that 

matter), making the subject of what sort of consonant learners substitute for trills when 

they fail to produce them worthy of investigation.  Second, one can analyze the finer 

physical characteristics of trills when they are produced to see if learners produce them 

similarly to or differently from native speakers, and in the latter case, study the 

dimensions on which production differs between natives and non-natives.  Previous work 

on VOT and vowel quality only allows for the study of improvement along one 

dimension, e.g., duration in VOT and tongue position in the case of vowels.  The present 

method of studying trills allows L2 phonetic acquisition to be studied along a variety of 

dimensions in order to obtain a finer view of how L2 acquisition proceeds.   

Experiment 1 investigated the frequency of trilling by level of proficiency.  In this 

experiment the frequency of trill production among non-native speakers at four different 

proficiency levels was compared to that of a group of native speakers of Mexican 

Spanish.  This experiment investigated the question of whether L2 Spanish learners jump 

from not being able to produce trills at all to being able to produce trills at a frequency 

similar to that of native speakers, or if they acquire the ability to produce trills less often 

than native speakers, which then increases with time and experience.  Experiment 2 was 

concerned with whether the trills produced by these learners—when they did successfully 

produce them—had similar physical characteristics to trills produced by native speakers, 

or if they differed in some measurable way.  In the latter case, the investigation was 

concerned with the ways in which they differed.  Further questions included the ways in 

which non-native trills grew more native-like as proficiency increased, if it was shown to 
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be the case that they did so.  An important question, then, was what kind of 

improvements learners make in their production; that is, do all measures involving 

airflow and timing of the component events of trill production show similar patterns of 

improvement?  Alternatively, do some aspects of L2 trills show more or less 

improvement than others, or even no improvement at all?  Do some or even all 

characteristics of non-native trills eventually ultimately attain native-like values?   

From the trilling frequency data in Experiment 1, we see a very low rate of trill 

production among nonnative speakers until the intermediate level, at which point there is 

a very large jump in trilling in that group.  There is a further large increase in trill 

production at the advanced level as well.  Such an increase over time in the ability to 

produce an L2 sound is unsurprising considering the improvements in L2 pronunciation 

observed in a wealth of L2 research, including Flege 1991 and Flege 1995a, which make 

clear that improvement in L2 accuracy can be expected over time.  What is interesting 

and perhaps surprising in this data is the apparent lack of improvement from the first 

semester to the fourth semester, followed by a very large increase in trilling among the 

third-year, or intermediate-level, students.  There is also another large increase in trilling 

ability from intermediate to advanced level.  Rather than progressive improvement with 

each successive higher level of proficiency, the two lowest levels showed similar patterns 

of trilling, with no significant effect of phonetic environment or learner level, and the 

overwhelming majority of trilling beginning to occur after the second year of instruction.   

Flege’s (1995a) data on native speakers of Italian learning Canadian English showed a 

pattern of increased accuracy according to age of arrival in Canada that appeared to 
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proceed in a linear manner: the younger people arrived in Canada, the less strongly 

accented their English speech was likely to be rated by native speaking judges.  There 

was no “jump” in learners’ ability to pronounce English sounds.  The data in Flege’s 

study involved learners of all ages, not just either adults or children, so his results are not 

entirely comparable to those of the present study, which was carried out with adult 

classroom learners of Spanish as subjects.  Even so, Piske et al. (2001) found no 

convincing evidence that formal classroom instruction of a foreign language affects 

degree of perceived foreign accent, so this distinction may be moot.   

Such a stark lack of improvement from beginning to fourth semester could be due 

to a variety of factors.  One could simply be learner motivation.   University students who 

take a required series of basic foreign language courses tend to end their language studies 

once the language requirement for their degree is met.  In the case of the institution at 

which the present studies were carried out, the foreign language requirement for most 

Spanish majors is four semesters.  Fewer than 15% of participants at the first and fourth 

semester levels indicated a desire to pursue Spanish after satisfying this requirement. 

While no data were collected in the questionnaire which directly asked participants about 

their level of motivation to attain a high degree of proficiency in Spanish, the fact that a 

relatively small proportion of participants indicated a desire to pursue a major or minor in 

Spanish may be taken as an indirect indication of degree of motivation to learn the 

language.   It is possible that students who intend simply to fulfill their language 

requirement and go no further are satisfied with their level of pronunciation and feel less 

need to practice pronunciation, especially of difficult sounds like the trill, than those who 
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continue beyond the basic language requirement.  Future research is needed exploring the 

relationship between motivation and acquisition of L2 sound systems, including the 

acquisition of “difficult” sounds in L2 such as the trill. 

It is also possible that such a complex sound as the trill requires rather more time 

to learn to produce consistently in L2 than other sounds.  This would mirror Jiménez' 

(1987) and Carballo and Mendoza's (2000) findings for L1 Spanish in children.   

Additionally, given that the trill is a far more complex and difficult to produce sound than 

stop consonants, the L2 production of which shows gradient VOT characteristics, it 

perhaps makes sense that the successfully produced trills of lower-level learners would be 

similarly “nonnative” in their production characteristics, while many attempted trills 

would simply fail to surface as trills at all, producing such a low rate of success at the two 

lowest levels.  Thus, when we observe a large increase in trilling such as the one from the 

fourth semester to the intermediate level, we can make the case that 1), trills are simply 

more difficult than other sounds; 2) trills take longer to acquire than other sounds in L2 

acquisition, as is case in L1 acquisition (Jiménez 1987, Carballo and Mendoza 2000), in 

which the trill was the last segment mastered by native Spanish-speaking children; and 3) 

there may be a higher degree of motivation among learners who have taken an interest in 

learning Spanish beyond a basic level.  It is possible that the intermediate level of 

proficiency represents a sort of metaphoric “bridge” learners must cross before they learn 

to trill consistently.  The further jump in trilling we see at the advanced level could well 

represent those learners who needed another two or three semesters before producing the 

trill consistently.   
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The difficulty in producing trills also appears to be largely mechanical in nature, 

owing to the reasons described previously, and not to the inability of learners to 

distinguish them from the alveolar tap /R/. The data from the lowest learner levels showed 

that they distinguish the trill from the tap, since they at least attempt to produce trills 

when trill is the target, even if they are largely unsuccessful in producing it.   

Another possible factor influencing the results that showed such a drastic increase 

in trilling at the intermediate level might have been that some subjects in that group 

trilled at a very high rate while the rest of the group patterned little or no better than the 

fourth-semester learners, but that the high-frequency trillers simply skewed the average 

upward.  This would have led to an artificial result, but it was shown that the results were 

reliable and that intermediate-level learners make the jump to trilling as a group and not 

because of a small number of outliers.  

In comparing the advanced level to the native speakers we still see that the 

advanced learners as a group did not quite reach the same trilling frequency as the native 

speakers, indicating that it could well be the case for some speakers that they never trill 

quite as consistently as native speakers do.  We also saw in the histogram in Figure 2.11 

that another “jump” in trilling ability is made at the advanced level, presumably by those 

who did not trill consistently at the intermediate level.   

While Experiment 1 measured frequency of trill production among non-native 

speakers and the major non-target sounds that resulted when attempted trills were 

unsuccessful, Experiment 2 studied the characteristics of non-native trills that were 

successful.  Specifically, Experiment 2 investigated the physical properties of trills, 
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including the duration of the different component parts of trills: individual contacts, or 

taps, of trills; subcomponents of each contact, including the duration of closure, time to 

vent pressure, the open quotient of a tap, and the delay between contacts.  It also studied 

the amount of airflow produced by non-native speakers. 

The results were varied, producing several different patterns.  On some measures 

learners showed that after the initial jump to being able to produce trills, they made no 

further progress, with those features effectively showing signs of possible “fossilization.” 

On other measures learners showed improvement beyond that initial jump to trilling, 

either with another jump to native-like performance on a given feature, or performance 

intermediate between the group of lower-level learners and the native speaker group. 

Solé’s (1998, 2002) findings that trill initiation is physically different from 

maintaining the vibratory motion of a trill already initiated appear to be supported by the 

present research. The major differences uncovered between native and non-native trills 

occur on the first tap of the trill; after the first tap of the trill, when the trill is being 

sustained in movement by the Bernoulli effect, native and non-native trills are 

statistically similar.  This result was especially acute in the case of airflow produced 

during trill initiation, as a clear pattern of “pre-flow” was seen among non-natives, while 

no native speaker produced trills with such heightened airflow before the first closure of 

the trill. 
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4.2. Categorical and gradient acquisition of trills 

There may be two distinct kinds of second language acquisition of L2 sounds: 

“categorical” acquisition and “gradient” acquisition.  The former refers to the possibility 

that an L2 sound is acquired with native-like features from the time the learner is first 

able to produce it.  That acquisition may proceed this way is a function of trills’ “all-or-

nothing” quality. That is, because the strict articulatory and aerodynamic demands for 

producing them could make non-native variability in trill production statistically unlike 

that of native production.  The latter refers to the acquisition of native-like features for a 

given sound over time, as the learner’s pronunciation “closes in” on native characteristics 

of a sound.  Examples given for this were voice onset time in stop consonants and vowel 

formant values. The current work showed evidence for both a categorical and a gradient 

aspect to L2 acquisition of trills.  Previous work has largely discussed L2 phonetic 

acquisition on measurably gradient features such as VOT and vowel accuracy according 

to age of learning (Flege 1987b, 1991), while this study allows for the study of both 

gradient acquisition and categorical acquisition of an L2 sound.   

 

4.2.1. Frequency of trilling 

In regard to the question of whether trill acquisition in L2 is of a gradient or categorical 

nature, the results of Experiment 1 may be viewed as supporting both claims, but in 

different ways. Categorical acquisition of trills is doubtless at work in the perhaps 

obvious sense that what the speaker produces either is or isn’t a trill.  Those who can 

produce it have made the categorical leap from being unable to produce it to being able 
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to.  Gradience in the context of Experiment 1 refers to a speaker’s increase in the 

frequency of L2 trilling as proficiency increases.  What is perhaps most interesting about 

the categorical jump to trilling in this case is when that jump occurs, if it does.  The large 

increases in trilling frequency at the intermediate and advanced levels indicate that 

learners tend to acquire the trill at some point beyond the second year of instruction.    

Gradient acquisition is also suggested, in the broadest sense, as learners appear to make a 

large jump in trilling ability after the fourth semester, and then go on to make a further 

large jump in frequency of trilling by the advanced level, indicating a pattern of gradient, 

stepwise progress in the frequency of trilling.  That is, learners are mostly unable to 

produce the trill at the lower levels of proficiency, even when they are in the fourth 

semester of study, and those who do acquire the trill do so at least at intermediate level, 

or even at the advanced level.  Recall once again that in Chapter 2 the intermediate-level 

data were observed on an individual basis to see if the results which showed such a large 

jump in trilling ability for the intermediate-level as a group was perhaps due to a handful 

of highly proficient learners who perhaps were in intermediate classes when they had the 

proficiency and aptitude for advanced-level courses.  Such learners would skew the data 

produced by the rest of the group, rendering the results unreliable.  Nevertheless, visual 

analysis of the data and the histogram presented in Figure 2.13 show that this was not the 

case and that on balance learners really do make the leap to trilling at the intermediate 

level and that the following group leap to trilling at the advanced level is also reliable.   

Such a pattern of acquisition taking place largely after a certain chronologically 

defined level of proficiency also indicates that the trill is a segment which, in similar 
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fashion to L1 acquisition of Spanish, is acquired relatively late by non-native speakers, 

possibly as late as 6 years, 6 months of age (Jiménez 1987, Carballo and Mendoza 2000).   

To see if immersion played a role in the results, intermediate-level data were 

analyzed according to immersion experience, with the only clear difference between 

those with immersion experience and those without it arising in intervocalic position, 

indicating that immersion exerted an effect on trilling only in the phonetic environment in 

which trilling was easiest.  This visual inspection reinforced the conclusion that the 

intermediate-level results were in fact reliable and indicative of a major milestone in 

learners’ ability to produce trills.  Additionally, the effect immersion may have had on 

learners’ acquisition is uncertain.  Piske et al. (2001) found that classroom language 

instruction did not contribute to a less strong foreign accent rating, while Flege’s many 

works finding age of arrival/age of learning to be the most crucial factor in mitigating 

strength of foreign accent, and not necessarily what sort of acquisition learners engage in, 

be it in-class or not.   

Experiment 1 centered on the quantity of trilling in learners, and it is in this 

frequency of trilling that the aforementioned “jumps” in trilling ability are observed.  In 

this regard the results of Experiment 1 may also be seen as supporting the claim of 

gradient acquisition, but not in the sense described from previous work on L2 phonetic 

acquisition, namely the gradual approach to native-like VOT or formant values in non-

native segments.  Rather than a gradual approximation of native values for measurements 

like VOT, what is observed in the data of the intermediate and advanced learners is a 

pattern of acquisition that takes place largely after the second year of instruction, in 
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which non-native speakers’ ability to trill begins to grow more native-like not after 

learning begins, but at the intermediate level, where the increasing pattern of trilling 

ability is observed.   

It may appear contradictory at first glance that the same data that were used in the 

preceding paragraph as support for categorical acquisition are now being used as support 

for gradient acquisition, but if we examine the pattern more closely, it appears that a case 

may indeed be made supporting gradient acquisition as well.  While it appears clear that 

the great majority of non-native speakers who acquire the trill do so after the fourth 

semester, either at the intermediate and advanced levels, the pattern of increasing trilling 

from intermediate to advanced level indicates quantitative movement of the frequency of 

trilling in the direction of the frequencies observed for native speakers.  Thus, it appears 

that once trilling frequency experiences its dramatic jump after remaining flat during the 

first two years of instruction, it begins to rise and grow more native-like over time.    

The differences observed in trill production by phonetic environment also point to 

gradient acquisition.  The observed pattern shows that intervocalic trills are the easiest to 

produce and are acquired somewhat earlier than the post-pausal and post-consonantal 

ones, which appear to take longer to learn to produce.  Acquisition of intervocalic trills is 

clear evidence that a learner can produce the trill, but based on the pattern arising from 

the data, this is perhaps the only position in which the trill is pronounceable for many 

learners.  While it can be said that trill has been acquired when a learner can produce it in 

L2 words, it cannot be said that the sound has been acquired to a native-like degree if a 

non-native speaker cannot produce it in the entirety of its distribution.  That is, while a 



   207

learner may be able to produce trill with some consistency in intervocalic position, he or 

she may not be able to produce it in post-pausal or post-consonantal positions.  For 

learners, these positions are clearly more difficult environments in which to produce trills 

than intervocalic position, and even at the advanced level non-native speakers produce a 

smaller proportion of trills in these positions than they do in intervocalic position.   

The high frequency of production of non-target tap /R/ for target trill, especially in 

intervocalic position, may also be taken as evidence for gradient acquisition of trilling.  

Experiment 1 revealed that learners produced a high frequency of tapping instead of 

trilling in words containing trill targets, and that the frequency of this error increased 

until the intermediate level, when it declined.  The decline in tapping coincided with an 

increase in trilling, indicating that rather than being simply one of several non-target 

productions surfacing instead of the trill target, tapping is in fact a sort of “bridge” 

production for learners who are still unable to produce trills.  They tap in this position, as 

noted in the section on Experiment 1, because it is the closest they are able to come to 

producing the trill.  As different as taps and trills are from each other in articulatory 

terms, the tap is still a consonant perceived to be a one-strike version of the trill, and is 

certainly closer in sound and articulation to the trill than American /®/, or the other 

fricative or sibilant realizations of /r/ observed in this study.  The increase in frequency of 

tapping up through the intermediate level, especially in intervocalic position where it is 

easier to tap than in the other environments under study, coupled with a decline in 

tapping as trill production increases, appears to show that learners often pass through an 

intermediate step in pronunciation on their way to acquiring the trill.   
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The substitution pattern seen in learners’ increase in tapping while reducing 

American /®/, but before acquiring trilling may appear to point away from the pattern of 

learners creating new categories for novel L2 sounds hypothesized in a great deal of 

Flege’s work (1987b, among many others), as we see that learners pass through a 

significant period of producing a non-target segment that is not likely transferred from 

L1.  However, Major and Kim (1996) have shown that markedness can play a factor in 

mitigating category formation in that a novel but relatively more marked L2 sound may 

present a problem for learners.  Major (1986) found that a less marked sound can 

substitute for a more marked one that is still novel to the learner’s interlanguage 

phonology and found this pattern in tap substitution for target trill in Spanish, but he also 

mentions that learners can overgeneralize and simply produce trills for all target rhotics.  

Major’s subjects had much more difficulty producing /r/ word-initially than 

intervocalically, a result obtained in the present study.  He did not include post-

consonantal trills in his study.  If we extend the notion of markedness to phonetic 

environment and claim that word-initial position is a more marked environment than 

intervocalic position, the present results support Major’s claim that markedness can affect 

pronunciation of segments that might otherwise be pronounceable owing to their novelty.  

Regardless of the relative markedness of trills when confronted by the English-speaking 

learner, the present study has shown that it is likely that learners have developed a 

category for the trill even if they are unable to produce them.   
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4.2.2. Gradient vs. categorical learning when speakers do trill 

As explained in the Introduction (Section 1), there are compelling reasons to believe that 

nonnative trills, when successfully produced as trills, might exhibit native-like physical 

characteristics.  Trills in general, and in the present case the alveolar tongue-tip trill, are 

articulatorily complex sounds which require a precise confluence of articulatory and 

aerodynamic conditions in order to be initiated and sustained.  In the absence of these 

precise requirements being met, the segment produced will not simply be a degenerate 

trill, but some other segment entirely, like an approximant, fricative, or other non-trill 

segment.  There is also reason to believe that non-native trills might exhibit the same sort 

of gradience in approximating native trills over time, at least on some measures.  This 

latter characteristic is in keeping with what has been found in the existing literature on L1 

influence on L2 phonetic acquisition, that is, that learners make gradient improvement in 

approximating the L2 target on some measure such as voice onset time (VOT) or vowel 

quality.   

 Following learners’ initial categorical jump to producing trills, several of the 

measurements into which trills were divided in this study displayed gradient acquisition 

that improved over time, ruling out the possibility that once learners acquire trills, their 

production will naturally be native-like.  Other measures did not show this improvement; 

learners began trilling and advanced learners produced statistically similar values on 

these measures as the lower-level learners, indicating that on those measures acquisition 

consisted solely of the categorical jump to trilling, followed by fossilization.   For 

instance, the number of contacts per trill did not reach native-like levels in the advanced 
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learner group, remaining significantly below the native mean.  This group patterned with 

the lower-level learners, indicating that once they learned to produce trills, no further 

improvement occurred on this measure.  This was found to be the case in both word-

initial and intervocalic position.   

Likewise, no further improvement was found for the duration of the first tap of 

the trill beyond the lower-learner level.  A further example of this pattern in trill timing 

was the word-initial data for the open quotient of the first contact of the trill, in which the 

advanced learners patterned statistically with the native speakers.  In the airflow data, the 

advanced and lower-level learners patterned together in producing significantly more 

airflow in the first tap of the trill than native speakers, indicative of the ongoing 

“breathiness” of non-native trills in comparison to native speakers’ trills.   

This “breathy” quality of many non-native trills is interesting because it reflects 

the lack of aerodynamic control by non-native speakers over the mechanisms crucial to 

trill production.  Learners appear to know intuitively that airflow is an important 

component, but they are unable to achieve the precise tongue placement, amount of 

tongue tension and airflow required for trilling all at the same time.  However, it is 

possible that the excess airflow present in so many non-native trills is misleading; excess 

airflow could be a reflection of excessive tongue tension.  The tenser the tongue, the 

greater the airflow required to set it in vibration (Best, personal communication).  If 

learners are holding their tongues too tense as they attempt to pronounce a trill, the 

excessive airflow could be the result of the correct gestural intuition that they will need a 

lot of air flowing over the tongue to achieve the goal of making it vibrate.  Thus, it is 
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possible that learners’ overshooting the amount of tongue tension necessary for trilling 

leads to their overshooting the proper amount of airflow. 

 Two patterns of gradient acquisition were found for the data in Experiment 2.  

Both showed that learners improved once they were able to trill, but showed different 

degrees of acquisition of native-like features.  In the first pattern, advanced learners 

patterned statistically with the native speakers but were different from the lower-level 

learners, indicating that improvement took place beyond the lower-levels.  This was the 

result obtained on the measure of the delay between the first two contacts of the trill.  In 

the second pattern, all three groups differed from one another, with the same direction of 

significance as proficiency level rose.  This indicated a “stair-step” pattern of acquisition, 

in which improvement from the lower-levels to the advanced level was clearly seen, but 

the advanced learners still had not reached native-like values on those measures.  This 

was found to be the case for the post-consonantal data on the open quotient of the first tap 

of the trill, and for the word-initial data on the delay between the first and second taps of 

the trill.   

 As can be inferred from the discussion above, even within a given variable 

different patterns emerged according to phonological environment.  For example, the 

stair-step pattern of gradient acquisition was observed in the data for the open quotient of 

the first contact in the trill a stair-step pattern of acquisition was observed for the post-

consonantal data but not for the intervocalic data, in which the advanced and lower-level 

groups patterned alike.  Similarly, in the data on the delay between the first two taps of a 

trill, the advanced learners were native-like in intervocalic position but patterned with the 
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lower-level learners in post-consonantal position.  This result makes sense if we take 

post-consonantal position to be a more difficult environment for trilling than intervocalic 

position, as observed in Experiment 1.  Because it is easier to produce trills in 

intervocalic position, it could be that trills are more likely to possess more native-like 

qualities there than in other environments.  However, this result does not necessarily 

pattern with the data from Experiment 1, which showed that trilling is easier in 

intervocalic position. The taps-per-trill results appear to be at odds with the results for the 

delay between the first two taps of intervocalic trills.  The taps-per-trill data do not show 

the same pattern of increased nativeness for intervocalic trills.  On the contrary, the mean 

number of taps per trill was less for non-natives in word-initial and intervocalic positions. 

 

4.2.3. Evidence for both categorical and gradient acquisition 

In sum, results from the two experiments show that L2 acquisition of trills presents 

patterns of both categorical and gradient acquisition.  At a given point in the learning 

process, L2 speakers acquire the ability to make trills in a proportion far higher than at 

the preceding proficiency level.  This was what was called the categorical “jump” to 

trilling in previous chapters.  Because of the “all-or-nothing” nature of the trill, any 

learner who acquires the ability to trill at all will have made this categorical jump.  In 

Experiment 2 the definition of “categorical” was refined somewhat, referring to whether 

or not learners’ trills, once acquired, were native-like from the beginning, or if further, 

gradient improvement on some measures was made over time.  Learners showed that 
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their trills largely remained non-native on some measures but continued to show gradient 

improvement on others.   

 

4.3. Relation of L1 and L2 sound systems 

4.3.1. Speech Learning Model (SLM) 

Flege’s (1995) Speech Learning Model posits a process called “equivalence 

classification” to account for how L2 sounds are assimilated into the bilingual’s 

phonological inventory.  L2 sounds that are similar in some way to sounds in the 

speaker’s L1 are likely to be taken to be instantiations of that sound.  This impedes the 

formation of a separate phonetic category for them, which leads to ongoing non-native 

pronunciation characteristics.  Bilinguals must perceive at least some of the differences 

between the L1 and L2 sounds in order to establish a separate category for the L2 sound.  

The other side of this hypothesis is that when L2 sounds are sufficiently different from all 

sounds in the L1 that they have no possible L1 analog to which they can be assimilated, 

the likelihood increases that the speaker will establish a phonetic category for them.   

 Based on the SLM, the large difference between the trill and any other sound in 

American English would lead to the prediction that speakers of American English would 

create a phonetic category for the trill.  The present project shows that learners 

distinguish the trill from the alveolar tap phoneme even if they are unable to produce the 

trill, indicating that category formation has likely taken place, but the impediment to 

production is the physical difficulty of producing trills, not in perceptual failure.  Reeder 

(1998) found production evidence in favor of the SLM when he found learners’ accuracy 
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on Spanish trills to be higher than on Spanish stops, which are clearly similar to English 

stops.  Such a finding supports the SLM’s claim that learners should be able to produce 

“new” sounds, or sounds that are not part of the L1 inventory before or at least with more 

accuracy than sounds which are similar but not identical to L1 sounds.   Trills are not 

present in the American English inventory and should thus be more perceptually salient 

to learners, while stop consonants should be less so, as they exist in both English and 

Spanish.    Both languages have stops, but their VOTs are different in each, meaning that 

inaccurate VOT values in L2 will produce non-native sounding segments in L2.  The idea 

that the difference in VOT between the two languages’ stop consonants will be less 

salient a property to the L2 learner than trilling is argued to be at the heart of inaccurate 

L2 production.  As mentioned above, the research in this dissertation showed that 

learners appear to form a category for the trill as predicted by the SLM, and they did it 

early in L2 acquisition.  However, they are unable to produce the sound accurately until 

at least intermediate level in spite of successful category formation. 

 

4.3.2. The Perceptual Assimilation Model 

Like Flege’s Speech Learning Model, Best’s Perceptual Assimilation Model, or PAM, 

(Best et al. 2003) treats L2 sounds in terms of bilinguals’ L1 sound system and whether 

bilinguals perceive phonetic differences between L1 and L2 sounds.  The PAM differs 

from the SLM in that it concerns itself primarily with the perception of non-native 

phonological contrasts, which involves the influence of the L1 phonological system and 

not just phonetic detail.  If two phonologically contrasting L2 sounds are assimilated to a 
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single L1 sound, learner discrimination is likely to be poor while two contrasting L2 

sounds that are assimilated to two contrasting L1 sounds will likely be perceived better. 

Discrimination is expected to be strongest when the L2 sound is “non-assimilable”, 

meaning it does not exist in the L1 and is quite unlike any L1 sound, and cannot easily be 

associated to an existing phoneme in L1.  This would be the case of Spanish trills when 

learners confront the English sound system.  The closest L1 consonants are the American 

/®/, which is an approximant and does not present lingual vibration or contact of any kind 

is really very little like Spanish /r/ apart from being considered part of the rhotic class, 

and the alveolar tap [R], which is a positional allophone of intervocalic American English 

/t/ and /d/.  It is questionable whether native speakers of English even recognize that the 

tap [R] exists in English, although the fact that they produce it frequently and 

unconsciously could make it a relatively easy consonant to produce whether they make 

the connection or not.   

At any rate, the tap~trill contrast in Spanish is like nothing that exists in English, 

with one of the sounds being non-assimilable, meaning that like the SLM, this model  

predicts that learners will easily form a category for the trill.  Because it is concerned 

with phonological contrasts among non-native sounds, the PAM should in theory be able 

to predict category formation in English for both Spanish vibrant phonemes because they 

contrast in at least one environment.  
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4.4. L2 pronunciation training of /r/ and pedagogical implications. 

The trill can be very difficult to learn to produce while at the same time being a sound 

that makes Spanish identifiable to nonnative speakers.  Therefore, textbooks on 

corrective Spanish phonetics and pronunciation for native English speakers take various 

approaches to teaching learners how to trill.  The results of Experiments 1 and 2 provide 

some insight on these methods.   

Anyone who has taught Spanish has undoubtedly heard the comment from a 

student or from someone who has studied Spanish in the past, “But I never learned to roll 

my r’s”.  No other area of the Spanish sound system receives the attention of L2 Spanish 

that the trill does, at least among native English-speaking learners of Spanish.  Numerous 

strategies have been used over the years to teach students to pronounce /r/ (Bowen and 

Stockwell 1960; Stockwell and Bowen 1965, Teschner 1999, among others; see below), 

few if any of which offer a foolproof means of teaching students to trill.  Few Spanish 

phonetics textbooks of the sort aimed at second language learners contain any systematic 

instructions on how to correctly produce the trill.  Two of the first Spanish pronunciation 

textbooks aimed at English-speaking learners of Spanish are Bowen and Stockwell 

(1960) and Stockwell and Bowen (1965).  Both remained popular for many years, but 

neither offers practical strategies for pronouncing the Spanish trill.  The first of these, 

Bowen and Stockwell (1960), presents the contexts in which the trill occurs, but 

curiously presents several suggestions for pronouncing the tap while presenting none for 

the trill.  Indeed, the authors claim that, “[t]here is no description that will help you 

produce it.  Only imitation of your instructor will do it.”  Similarly, Stockwell and Bowen 
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(1965) merely state the phonetic environments in which the trill occurs, with no 

instruction as to how to produce it.  Even in their appendix on teaching pronunciation, the 

authors offer no strategy or technique for successfully producing /r/.  They do mention 

that, “[i]n many dialects, this initial /rr/3 begins the first tap from a position in which the 

tongue tip is making contact with the alveolar ridge or the upper teeth.  This results in a 

stoplike beginning of the trill which we might symbolize as /drr/.”  This could be due to 

the fact that trill production involves subconscious control over aerodynamic and 

articulatory mechanisms that are simply too difficult to teach students to control.   

Dalbor (1980) and Barrutia and Terrell (1982) are two of the first Spanish 

phonetics and pronunciation textbooks aimed at intermediate level second language 

learners, and along with Barrutia and Schwegler (1994) and Teschner (1999) are still the 

most commonly used textbooks in courses aimed at providing learners with intensive 

pronunciation training through the study of articulatory phonetics.  Aimed at audiences of 

non-native speakers learning Spanish, these texts present a strong corrective component 

in addition to articulatory descriptions of sound production, but offer few strategies for 

correctly producing trills.  Dalbor (1980) offers only a partial description of what occurs 

during articulation of /r/: “[…] the tongue tip, under tension, strikes the alveolar ridge 

several times in rapid succession,” with no mention of the aerodynamic complexity of the 

sound, or that the trill is in fact more than just a series of tongue-tip strikes against the 

alveolar ridge.  Barrutia and Terrell (1982) and its second edition, co-authored by 

Barrutia and Schwegler (1994) after Terrell’s death, both appear to follow Dalbor (1980) 

                                                 
3 Stockwell and Bowen (1965) use the phonological symbol /rr/ instead of /r/, which is used throughout this 
dissertation. 
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in describing the trill as a chain of taps: “[b]oth the simple [R] and the multiple [r] are 

produced by maintaining considerable tension in the tongue […].  The multiple sound is 

obtained when the tongue rapidly touches the alveolar zone twice or more” (Barrutia and 

Schwegler 1994, my translation).  Too much tension, however, is likely detrimental to 

trill production.  Ladefoged and Maddieson (1996) say that lower mass allows for greater 

tongue movement.  When the tongue tenses and mass increases, trilling is more easily 

compromised.  This fact may be responsible for diachronic sound change, as Kavitskaya 

(1997) claims in her study of Slavic sound change.  The extra tongue tension produced by 

the raising action of palatalization made trilling even more physically taxing, to the point 

that palatalized trills evolved into other kinds of consonants.  Teschner (1999) is the only 

major corrective Spanish phonetics that presents a systematic process for producing the 

trill.  It is presented in four steps, summarized as follows:  

1. Pronounce the single vibrant several times without voicing it, that is, the result 
should be a voiceless tap. 

2. Maintaining the tongue exactly where it should be held for the articulation of 
the voiceless tap, make all muscles tense, including the stomach, chest and 
throat. 

3. Now exhale strongly a long current of air.  The air current will make the 
tongue vibrate several times in the position in which it is being held. 

4. Now you can voice the articulation, which has been converted into a multiple 
vibration, created by following the three previous stages.  The result is the 
alveolar multiple vibrant sound. (My translation, italics from the original) 

 
Among other texts in current use in Spanish phonetics and undergraduate 

phonology courses, Torrejón (2000) mentions the possibility that students have difficulty 

perceiving the difference between the Spanish tap and trill, but goes little further than 

previous texts in describing its articulation: [t]he alveolar multiple vibrant allophone is 

articulated by making the tip of the tongue strike the alveolar ridge in rapid succession 
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while air escapes via the oral canal” (my translation).  Finally, Guitart (2004) offers a 

somewhat more sophisticated description of the trill than the other texts described here, 

explaining that the trill consists of an approximant phase and an obstruent phase, which 

correspond to the open and closed portions of the trill described in the section on 

Experiment 2.  Even more satisfyingly, this text points out the important fact that, “[w]e 

must recall that /r/ does not consist solely of a sequence of simple vibrants but rather it is 

a very different sound that requires greater energy and muscular tension than [R]” (my 

translation).  However, like most of the other texts on Spanish pedagogical phonetics 

described above, Guitart (2004) does not contain hints or strategies for producing the trill.   

Teschner’s (1999) text is the only one reviewed here that both acknowledges the 

fact that the trill is crucially dependent on airflow in some way, and offers the most 

detailed and concrete approach to teaching learners to produce the trill.  However, it is 

not clear that the strategy of beginning with the simple tap and attempting to extend it to 

the trill is necessarily likely to result in success, given that the two sounds are in fact 

quite different.  It is also interesting that this strategy aims to first produce a voiceless trill 

rather than a voiced one, with learners voicing their successful voiceless trills later.  As a 

textbook whose purpose is corrective and not experimental, Teschner (1999) does not 

discuss why one might attempt to produce voiceless trills before voiced ones.  This is an 

interesting approach in light of the findings of Solé et al. (1998) and Solé (2002) showing 

that voiceless trills actually require greater airflow to initiate and sustain than voiced 

ones.  This project has shown that learners have a tendency to produce breathier trills 

with excessive airflow.  Thus it could simply be that voiceless trills are less marked and 
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thus perhaps more natural for learners to produce voiceless trills first.  Nevertheless, 

among textbooks reviewed for this project, Teschner (1999) is the only one that focuses 

attention on the importance of airflow in the production of trills.  

Given the lack of concrete strategies for learning to trill offered by the numerous 

Spanish pronunciation textbooks available, it would not be surprising if language teachers 

felt a profound sense of hopelessness at the thought of teaching learners  to trill as 

opposed to asking simply that they imitate their instructor, as Bowen and Stockwell 

(1960) do.  One common strategy for teaching students to pronounce /r/ involves 

instructing them to place an epenthetic consonant, generally /d/, before the /r/ that the 

student is attempting to produce, and is alluded to in Stockwell and Bowen (1965).  This 

is generally done when /r/ occurs post-pausally or following a consonant, usually /l/ or 

/n/.  For example, words such as rico /riko/ ‘rich’, alrededor /alrededor/ ‘around’, and un 

rico /unriko/ ‘a rich person’ would be pronounced /driko/, /aldrededor/ and /undriko/, 

respectively.  The insertion of the dental stop consonant allows pressure to continue 

building behind the tongue without the tongue moving as it likely would if it remained in 

an alveolar point of articulation.  The release of a greater amount of pressure via the 

dental positioning of the tongue presumably forces the tongue away from the point of 

contact with greater velocity than when the point of contact is dental than when the trill is 

begun at the alveolar ridge.  With time, practice and the presumably eventual resultant 

automatization of production, the need for an epenthetic “springboard” consonant 

(perhaps a more apt metaphor would be “training wheels” in this case) disappears as 

production becomes easier.  However, this strategy is not likely to be useful or perhaps 
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even necessary in intervocalic position, when air is flowing freely outward and trill 

production is easier than in post-consonantal and post-pausal positions, in which the 

tongue perhaps benefits from the “springboard” provided by a passive articulator such as 

the teeth or alveolar ridge.   

Turning now to what is likely the most obvious possible pedagogical implication 

of this dissertation, it is worthwhile to ask if airflow control may be incorporated into 

corrective pronunciation training for learners of Spanish.  As we have seen that airflow is 

so crucial to trill production, it may be useful to look for ways to raise learners’ 

consciousness of the importance of heightened airflow in correctly producing Spanish /r/.  

It is possible that drawing learners’ attention to the airflow requirements of trills could 

prove useful in leading them to the correct configuration of tongue tension, tongue 

position and airflow.  However, simply raising consciousness of the importance of 

airflow is not likely to lead to more successful pronunciation.  The amount of heightened 

airflow required to initiate a trill is comparatively small in comparison with what learners 

tend to produce when they produce trills with excessive airflow, and it is not clear that 

learners are able to consciously control that articulatory mechanism. 

It is also possible, if not highly probable, that learners are already intuitively 

aware that airflow plays a fundamental role in trill production.  As seen in the word-

initial, post-pausal results from Experiment 2, non-native speakers show a pattern of 

excess airflow in trill production, which is possibly due to their subconscious knowledge 

that the amount of air flowing outward must rise in order to produce a trill, but because 

they are not native-like in their control over this mechanism, they produce airflow beyond 
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what is necessary for the trill, while native speakers show no such pattern.  It could be 

useful to call learners’ attention to this excessive airflow among learners who 

successfully produce trills, albeit with excessive airflow, explaining that these speakers 

already know of the aerodynamic requirements of the trill, even if subconsciously.  Such 

consciousness of the aerodynamics of the trill could, at the very least, lead students to 

produce trills, even if they exhibit excessive airflow in comparison to native speakers.  

The findings in the present study, however, indicate endurance in the production of trills 

with heavy airflow even at the advanced level.  If one teaches learners to overshoot in the 

hope that they will ultimately gain greater control over the amount of airflow, it is 

possible that this non-native quality will persist.   Nevertheless, such a case could be an 

acceptable trade-off: if successful trill production, even with noticeably excessive 

airflow, is likely to be perceived successfully as a trill and is considered preferable to no 

trill production at all, as in the case of learners wishing to master Spanish dialects whose 

primary surface variant of the multiple vibrant phoneme is in fact /r/, then this could be a 

worthwhile piece of information to share with learners.    

One further strategy that could be helpful comes in light of the findings of Solé et 

al (1998) and Recasens (1991).  These studies found larger coarticulatory effects as well 

as a stronger rate of failure to trill when the neighboring vowel was high front /i/.  This 

fact coincides with Kavitskaya’s position that Old Slavic palatalized trills were rather 

more difficult to produce than alveolar ones.  She argued that this was because the 

process of palatalization involves raising the tongue nearly to the position of a high 

vocoid, which in turn increases tension and mass, making trilling more difficult and more 
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likely to result in a non-trilled segment.  It could perhaps be useful to have students 

practice trilling in drills without high vowels first. 

 

4.5. Future research 

This study investigated acquisition of Spanish trills by English-speaking learners at 

several proficiency levels.  While the data indicated that learners distinguish the two 

Spanish rhotics, it is still unclear what, if any, finer patterns of perceptual discrimination 

exist in second language learners of trills.  An interesting future line of inquiry concerns 

the point at which learners realize that there are two rhotics in Spanish and that the two 

rhotics contrast intervocalically.   The research in this project shows that they 

discriminate the two at an early stage, possibly faster than other, more typical L2 

distinctions.  The fact that English speaking learners of L2 Spanish make this distinction 

between the two rhotics of Spanish very early could be due to their being so different 

from any L1 contrast.  Such a finding would be in keeping with Best’s Perceptual 

Assimilation Model (Best, 1995; Best et al. 2003).  For that reason it would be interesting 

to investigate the earliest stages of perceptual acquisition of Spanish rhotics.  At what 

point do learners understand the pattern of neutralization that leads to the relation of 

semi-complementary distribution that Spanish rhotics are in?  What perceptual cues are 

available to identify these sounds to learners early in the speech stream? 

 Another intriguing area of future research concerns another group of Spanish 

speakers, the so-called “heritage speakers”, described in Section 1.  These speakers 

demonstrate characteristics of monolingual Spanish speakers in some aspects of their 
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production and perception; they also present patterns of non-native features.  It would be 

interesting to investigate the same native and non-native characteristics studied as part of 

this project, but with heritage speakers, to see what patterns arise and whether their rhotic 

production patterns with native speakers, non-native speakers, or if patterns unique to this 

group arise.  Studying trill production in heritage speakers of Spanish whose family 

origins are in dialects where trills occur most frequently could provide insight into how 

heritage speakers realize a highly marked structure such as the trill.  On the one hand, 

heritage language pronunciation is generally taken to be similar to that of native speakers, 

while in second language acquisition the sound system is generally accepted as the final 

area of the grammar to be acquired.  This would lead to the expectation that these 

speakers would pattern like native speakers.  On the other hand, the high degree of 

markedness and articulatory complexity of the trill leads to the expectation that this is a 

sound on which heritage speakers could be most likely to present differences from “true” 

native speakers, or those who were raised until at least puberty in a locale where the 

language was the majority language of the wider society.  There is evidence from 

phonology for this sort of structural reduction in heritage language contexts, as found in 

Kartunnen’s (1977) study on the loss of vowel harmony in the Finnish spoken among 

Finnish-Americans in the United States. There is a larger body of work on morphological 

evidence for structural simplification in heritage language contexts, as in the reduction of 

use of the subjunctive mood in Los Angeles Spanish (Silva-Corvalán 1994), and the 

reduction of the grammatical case marking system of Icelandic spoken in Canada 
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(Arnbjörnsdóttir 1992).  Thus, there is ample literature that suggests that interesting 

patterns may be found in the trill production of speakers of U.S. Spanish. 

 

4.6. Conclusion 

This study investigated several aspects of the second language acquisition of the Spanish 

multiple vibrant consonant /r/, or trill.  It was found that learners, unsurprisingly, improve 

the frequency of trilling with increased proficiency.  A more notable finding of the study 

is that they substitute the non-target tap /R/ for trill as an intermediate step between 

reducing transference of American /®/.  Additionally, learners learn to trill earlier in 

intervocalic position than in word-initial or post-consonantal, showing clear effects of 

phonological environment.  Aerodynamic results showed several patterns of trill 

acquisition. On some measures learners demonstrated having acquired the ability to 

produce trills but that their trills remained non-native-like in some way, even at the 

advanced level.  Another pattern that arose was that of learners acquiring trill 

“categorically”, with native values on certain measures even at lower learner levels.  Still 

other measures showed gradient improvement, as learners improve certain variables over 

time.  Airflow was found to be an important measure that distinguished native and non-

native trills most clearly, with learners producing excessively breathy trills.  Thus, it was 

seen that both “categorical” and “gradient” acquisition of the Spanish alveolar tongue-tip 

trill operate in non-native acquisition of this sound.  That is, both fossilization and 

ongoing improvement in the direction of nativeness occur, as does native-like attainment.  

Finally, all significant differences between native and non-native trills occurred during 
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the first contact, or tap, of the trill.  After the first contact, no significant differences were 

found, indicating that the most notable differences between L1 and L2 trills are observed 

in the initiation of trills, and not in sustaining the trills. 
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APPENDIX A: Test words for Experiment 1 
 
a. #/r/»»»»v word-initial, stressed syllable 

1 rata  ‘rat’ 
2 reza ‘prays’ 
3 río ‘river’  
4 rompe ‘breaks/tears’ 
5 ruge ‘roars’ 

 
b. #/r/v.(C)»»»»v word-initial, pretonic  

6 rayado ‘striped’ 
7 relajo ‘relaxation,” “laxness” 
8 ridículo “ridiculous” 
9 rosado “pink”  
10 rumboso “lavish”, “sumptuous” 

 
c. v./r/»»»»v Intervocalic, stressed syl. 

11 parranda “partying” 
12 terreno “terrain” 
13 carrito “little car” 
14 derrota “defeat” 
15 corrupto “corrupt” 

 
d. »»»»v./r/v Intervocalic, posttonic /–a –e –o/ only 

16 jarra “jug”  
17 corre “runs” 
18 sarro “plaque” 

 



   228

e. v./RRRR/»»»»v Intervocalic, stressed syl. 
19 tarado “dunce”, “dopey” 
20 pareja “pair,” “couple”  
21 perico “parrot”  
22 corona “crown”  
23 Perú “Peru”  

 
f. »f. »f. »f. »v./RRRR/v Intervocalic, post-tonic /–a –e –o/ only 

24 para “stops”  
25 pare “stop” (imperative) 
26 puro “pure”  

 
g. C.#/r/»»»»v Post-consonantal, stressed syl. 

27 en rajas “in strips”  
28 con reglas “with rules”  
29 un rito “a rite/ritual”  
30 están roncos “they are hoarse”  
31 un rublo “a ruble”  

 
h. C./r/v...»»»»v Post-consonantal, pretonic 

32 son rajables “they can be sliced”  
33 son refinos “they are very fine”  
34 un rijoso “a brawler”  
35 un romance “a novel”  
36 salen rugientes  “they come out roaring”  
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