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University of Washington

Abstract

The relative degree of difficulty of L2 Spanish /d, t/, trill and tap by L1 English speakers:
Auditory and acoustic methods of defining pronunciation accuracy

Jeremy C. Waltmunson
Chair of the Supervisory Committee:

Assistant Professor Alicia Beckford-Wassink
Department of Linguistics

This study has investigated the L2 acquisition of Spanish word-medial /d, t, r, ¢/, word-
initial /r/, and onset cluster /¢/. Two similar experiments were designed to address the
relative degree of difficulty of the word-medial contrasts, as well as the effect of word-
position on /t/ and /¢/ accuracy scores. In addition, the effect of vowel height on the
production of [r] and the L2 emergence of the svarabhakti vowel in onset cluster /¢/ were
investigated. Participants included 34 L1 English speakers from a range of L2 Spanish
levels who were recorded in multiple sessions across a 6-month or 2-month period. The
criteria for assessing segment accuracy was based on auditory and acoustic features found
in productions by native Spanish speakers. In order to be scored as accurate, the L2
productions had to evidence both the auditory and acoustic features found in native
speaker productions. L2 participant scores for each target were normalized in order to
account for the variation of features found across native speaker productions. The results

showed that word-medial accuracy scores followed two significant rankings (from lowest



to highest): /r <= d <= ¢ <=t/ and /r <= ¢ <= d <= t/; however, when scores for /t/
included a voice onset time criterion, only the ranking /r <= ¢ <= d <=t/ was significant.
These results suggest that /r/ is most difficult for learners while /t/ is least difficult,
although individual variation was found. Regarding /1/, there was a strong effect of word
position and vowel height on accuracy scores. For productions of /¢/, there was a strong
effect of syIlable position on accuracy scores. Acoustic analyses of taps in onset cluster
revealed that only the experienced L2 Spanish participants demonstrated svarabhakti
vowel emergence with native-like performance, suggesting that its emergence occurs

relatively late in L2 acquisition.
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1. Introduction

In Spanish, word-medial /d, t, r, ¢/ are contrastive as in codo ‘elbow’, coto ‘enclosure’,
corro ‘ring of persons’, and coro ‘chorus’ (Harris 1969). Although a four-way contrast
between the targets is less common, word-medial contrasts between pairs of the members
of this set are widespread and often found in frequently used words (e.g., carro ‘car’—
caro ‘expensive’, bota ‘boot’ — boda ‘wedding’, miro ‘1 look at’ — mito ‘myth’). In
American English, [0, t, ¢] are present in the language; however, the trill [r] is altogether
absent. The [0] and [t] are allophones of American English /6/ and /t/, respectively.
Typologically, taps, trills, and flaps are related to stops because they often alternate with
stops, all include some form of closure, and “might be considered to be very short stops.”
(Ladefoged and Maddieson 1996: 47) Regarding orthography, Spanish <r> is realized as
a tap (pronto ‘soon’, pero ‘but’) or trill (rato ‘short while’) depending on its syllabic
position. In syllable-final position (including word-final), trilling is optional and <r>
may be realized as either a tap or a trill (Harris 1969, Quilis 1981). In American English,
orthographic <r> is typically realized as an approximant [1].

The goal of this study is to examine the second language (L2) phonological
acquisition patterns of Spanish /d, t, r, ¢/ by adult first language (L1) American English
speakers. It is hoped that the results of this study may further insights into the
mechanisms of L2 acquisition and, specifically, the relative degree of difficulty that these
related targets pose for the L1 English learner of L2 Spanish. This investigation
establishes auditory and acoustic criteria, based on native-speaker productions, for
assessing L2 production accuracy in order to score and compare the productions of the
following L2 targets: 1) word-medial intervocalic /d, t, r, ¢/, 2) word-initial trill /#r/ vs.
word-medial intervocalic trill /VrV/, and 3) word-medial tap /VcV/ vs. tap in onset

cluster /#Cr/.



The stated goal of this study was achieved through a 2-part experimental phonetic
investigation. Experiment A was designed to address the following three questions:
First, is there an acquisition order (i.e., relative degree of difficulty) of word-medial
intervocalic /d, t, t, £/7 It is well known that English speakers will flap orthographic <t,
d> word-medially in English and that orthographic <r> is realized as an approximant;
however, word-medial <d, t, rr, r> represent phonological contrasts in Spanish. The
Spanish trill has often been cited as acquired late in L1 acquisition (Bosch 1983, Carballo
et al. 1997, Gonzalez 1989, Jimenez 1987, Stoel 1974) as well as for L2 learners (Arteaga
2000, Bergen 1974, Elliot 1995a, Simoes 1996, Stockwell and Bowen 1965). The
difficulty of L2 trill acquisition may result from the new burden placed on the L2 learner
to acquire both a new articulatory gesture as well as a new abstract representation (Flege
1980). In contrast, Lado (1957) argued that learning an allophonic split, whose L1
allophones are overlapping and redistributed in L2, is the most difficult process in L2
phonological acquisition (i.e., more difficult than learning a new phoneme). For the
current study, Lado’s claim predicts lower scores for /d, t, ¢/ than for /r/. The second
research question addressed in Experiment A asked, does trill accuracy emerge with
higher scores word-medially over word-initial trill scores? A trill can be identified
word-medially by its orthography as in churro ‘pastry’; however, the single grapheme
<r> represents a trill word-initially as in rico ‘rich.” Hence, this study may be able to
reveal a correlation between spelling and accuracy scores. Differences in acquisition of
trills by word position may also be predicted if L2 trill acquisition is affected by prosodic
structure; Zampini (1998) found that L2 productions of intervocalic /b/ were more likely
to be spirantized in word-medial position over /b/ in word-initial position. The third
research question asked, are tap accuracy scores higher in word-medial positions (e.g.,
pero ‘but’) than in onset clusters (e.g., pronto ‘soon’)? Unlike the trill, orthographic <r>
represents the tap word-medially and the tap in onset cluster. Typological study of
markedness suggests that a two member onset is more marked than a single consonant

onset (Greenberg 1978) which is supported by certain facts of L1 English acquisition



(Vanderweide 1994, cited by Archibald 1998). Hence, one would expect learners to
receive higher scores for word-medial taps as opposed to scores for taps in onset cluster.
Experiment B was conducted to address three additional questions and to provide
additional data for the questions in Experiment A. In Spanish, /t/ is unaspirated;
however, /t/ in English is aspirated (Lisker and Abramson 1964). Thus, the fourth
research question asked, does the use of durational criteria in the assessment of L2
accuracy for It/ affect accuracy scores? Almost all L2 participants in Experiment A
received greater accuracy scores for /t/ than for scores in other categories; however, the
amount of aspiration in /t/ productions did not affect /t/ accuracy assessment, suggesting
that L1 transfer of L1 English aspirated [t] could be transferred to the L2 Spanish target.
Thus, a post-hoc analysis of durational measures for /t/ productions may lower accuracy
scores for /t/ and yield a different relative ranking of /t/ scores. In effect, greater
difficulty in the acquisition of /t/ may be found over other targets when durational criteria
for /t/ are considered. Hence, the effect of word position on trill accuracy was retested in
Experiment B. The fifth question asked, does preceding vowel height affect scores for
trill targets? Vowel height was not varied preceding word-initial trills in Experiment A
whereas vowel height preceding word-initial trills was varied in Experiment B. Thus,
accuracy scores for trills in the environment of a low vowel are expected to be higher due
to a more open oral cavity as well as the fact that [ra] would not place competing
demands on one single articulator (i.e., the realization of [ri] involves the tongue tip for
both [r] and [i]). The sixth question of this study asked, is the emergence of the
svarabhakti vowel a phenomenon that is observed relatively late in L2 Spanish
acquisition? The svarabhakti vowel is a vowel-like element realized between a
consonant and tap as in the realization of the word prisa ‘haste’ as [p°risa]. In
Experiment A, very few L2 productions of taps in onset clusters revealed the emergence
of the svarabhakti vowel despite its frequent presence in native speaker productions.
Thus, a group of highly experienced L2 learners were included in Experiment B in order

to assess the emergence of the svarabhakti vowel in their productions.



Regarding participants, Experiment A included L1 English speakers designated as
“beginning,” “intermediate,” and “advanced” students of Spanish at the University of
Washington. Participants were enrolled in Spanish throughout the study and were
recorded in three sessions during a 6-month period. All beginning level participants were
first recorded in Spanish 101 (first-year) while the intermediate and advanced level
participants were first recorded at the 201 (second-year) and 301 (third-year) levels,
respectively. Experiment B also included L1 English speakers of L2 Spanish designated

99 ¢¢

as “beginning,” “advanced,” and “experienced” learners. The beginning and advanced
learners were recorded in two occasions over a 2-month period while the experienced
speakers were recorded in a single session. Participants in the experienced group had all -
studied Spanish longer than 10 years and all were Spanish instructors at the time of
recording. In contrast to learners in other groups, the experienced speakers were only
recorded on one occasion as there was no reason to suspect changes in their
pronunciation over several months. The purpose of multiple recording sessions was to
provide longitudinal information about students’ development, strategies, and a more
informative measure of acquisition development than a single recording session might
reveal. In addition, in the comparison of scores across targets, the data will be analyzed
inferentially by yielding an average score for each participant across session scores.

This study’s research is important as it relates to the mechanism behind L2
phonological acquisition, the methods by which it is evaluated, and how its difficulties
can be addressed. Several important issues arising in previous L2 research are discussed,
including: When researchers discuss the difficulty of acquiring a trill (e.g., Carballo and
Mendoza 2000, Elliot 1997), is it accurate to categorize trills in all word positions as
being equally difficult to produce? If trills are acquired differently by word position, as
the results of this study suggest, the evaluation and teaching of L2 phonological
acquisition should take those differences into account. Similarly, if taps are more
difficult to produce in onset clusters as opposed to in syllable-initial position, then
universal markedness may be a factor in L2 as well as L1 acquisition. This study’s

results will enable researchers to better understand L2 phonological acquisition while



language teachers may better recognize which sounds to emphasize in pronunciation
instruction and become more adept at evaluating pronunciation development.

The methods of the current study differ from previous L2 pronunciation studies’
methods on two levels. First, native speaker productions in the current study were
auditorily and acoustically analyzed to provide a clearer basis for the definition and
measurement of accuracy in L2 productions. Both auditory and acoustic criteria were
used to score L2 accuracy. The use of both acoustic measures and auditory transcription
is important, as the validity of auditory transcription alone, even for phoneticians, can be
affected by psycho-acoustic factors and requires an explicit transcription strategy
(Kerswill and Wright 1990). Second, the current study compares production accuracy in
trills and taps by word position. Previous pronunciation studies have determined L2
accuracy based solely on auditory impressions (Elliot 1995a, Hammond and Flege 1989,
Reeder 1997, Suter 1976) and have collapsed productions across word positions (Elliot
1995a). Several cross-language studies of Spanish vs. English stops have used acoustic
measures (Flege 1986, Flege 1991, Gonzalez-Bueno 1997, Lisker and Abramson 1964);
however, their analyses have been limited to word-initial productions.

The following paragraphs describe the ordering and content of the chapters of this
thesis. In each chapter, discussion of the categories always follows the order /d/, /t/, /1/,
then /¢/, for consistency in presentation.

Chapter 2 presents the background literature relevant to this investigation.
Section 2.1 presents a phonological perspective of /d, t, r, ¢/ in English (i.e., the learner’s
starting point) and in Spanish (i.e., the L2 target). Section 2.2 describes the concept of
interlanguage and evidence for it in previous studies of the L2 acquisition of Spanish /d,
t, r, ¢/. In Section 2.3, factors known to affect successful L2 pronunciation and
acquisition are discussed in conjunction with their predictions for the current study.
Section 2.4 addresses previous approaches to defining L2 accuracy and argues for the use
of acoustic measures in accuracy assessment.

Chapter 3 presents additional background that sets out the acoustic properties of

Spanish /d, t, 1, ¢/ and previous approaches to their acoustic measurements. Section 3.2



concludes the chapter with a detail of this study’s questions and the hypotheses that have
arisen out of the literature review found in Chapters 2 and 3.

Chapter 4 presents the methods for two related experiments. Section 4.1 and
Section 4.2 address the participant backgrounds, word lists, and recording procedures
incorporated into Experiment A and Experiment B, respectively. In Section 4.3, the
native speaker backgrounds are outlined. Section 4.4 details the acoustic measures that
were taken and applied to each production. Statistical tests are detailed in Section 4.5.

Chapter 5 sets out the native speaker results and methods for L2 accuracy scoring.
The dual presentation is necessary since the definition of accuracy is based on the
productions of native speakers. Section 5.1 describes the auditory and acoustic features
found in native speaker productions. For each target category, example waveforms and
spectrograms are provided. In addition, overall measurement averages by experiment
and gender are detailed. Based on the most common auditory and acoustic features, each
subsection presents the required features for scoring an L2 production as accurate.
Section 5.2 demonstrates the application of the accuracy criteria to scoring 1.2
productions. The section is divided among the target categories as described above for /d,
t, r, ¢/, with the exception of word-final <r> which was not scored for accuracy due to the
extreme variability in the auditory and acoustic features of the native speaker
productions. For each target category, the scoring of L2 productions is explained with
reference to waveform and spectrograms found at the end of the chapter.

Chapter 6 presents the results for the L2 productions of word-medial Spanish
contrasts /d, t, r, /. Section 6.1 describes the range of auditory and acoustic features
found in the productions of /d/ and /t/, independently of accuracy scores. Variation types
are identified based on the combinations of auditory and acoustic features. Section 6.2.1
compares the accurately scored productions of /d, t, r, ¢/ by overall accuracy score
rankings in order to address the question of overall degree of difficulty. The analysis
shows significantly lower scores for /r/ and highest scores for /t/. The role of voice onset
time for /t/ as an accuracy criterion is presented in Section 6.2.2. The analysis shows that

some participant scores for /t/ are affected by the inclusion of a duration criterion;



however, a significant ranking of scores still demonstrates lowest scores for /r/ and
highest scores for /t/.

Chapter 7 presents the results for the L2 realizations of /r/ targets by word
position. In Section 7.1.1, productions are classified into variant types based on auditory
and acoustic features. In Section 7.2.1, trills scored as accurate are compared by word-
initial and word-medial position, revealing a significant pattern such that scores for word-
initial /r/ are lower than word-medial /r/ scores. Section 7.2.2 addresses the question of
the effect of vowel height on /1/ accuracy. It is shown that scores for /1/ are significantly
lower when /r/ is in the context of a high vowel environment vs. scores for /r/ in a mid or
low vowel environment.

Chapter 8 describes the results of the L2 /¢/ realizations by word position. Section
8.1 categorizes all productions of /¢/ into variant types based on different combinations of
auditory and acoustic features. In Section 8.2, scores for /¢/ productions are compared by
word position. Section 8.2.1 shows that accuracy scores are significantly ordered such
that scores for /c/ in onset cluster are lower than scores for /r/ word-medially, suggesting
an effect of word position on L2 tap production. Section 8.2.2 addresses the emergence
of the svarabhakti vowel by participant level. The results show that only the experienced
level L2 participants demonstrate svarabhakti vowel emergence with native-like
performance.

Chapter 9 discusses the overall results of this investigation. Section 9.1 addresses
this study’s six questions and the results in light of their hypotheses. Section 9.2
addresses interlanguage development in the context of the L2 variants and their patterns.
Section 9.3 discusses observed patterns of scores for Spanish level and gender. Section
9.4 discusses the implications of the results for L1 and L2 Spanish phonology. In Section
9.5, the benefits and implication of a two-tiered assessment of determining pronunciation
accuracy are presented. Section 9.6 addresses the implications of the results for teachers
and pronunciation instruction. Ideas for future related studies are presented in Section

9.7. A summary of this study is presented in Section 9.8.



2. Background

The goal of this chapter is to provide background that will help address the questions
posed in this study." The chapter begins with a phonological view of the starting and
ending points that an L1 English learner must follow in acquiring L2 Spanish sounds.
Between the starting and ending points of acquisition, the chapter presents a discussion of
the development stage between the two points. Having established three stages in learner
acquisition, the chapter then presents the factors that have been shown to affect
successful acquisition of pronunciation which in turn allow for a variety of predictions
for /d, t, r, ¢/ degree of difficulty. The second half of this chapter is dedicated to this
study’s second goal, specifically, the justification of a two-tiered method of scoring L2
target accuracy. Thus, previous methods that have been used to assess a learner’s
location within the overall acquisition process are presented. Previous knowledge of the
acoustic properties of the target sounds in question are also summarized as they relate to
the methods used to assess accuracy in this study.

This chapter is organized into the following four sections: Section 2.1 addresses
the phonological status of the sounds [0, t, r, r] in American English and Spanish and the
phonological development that an L1 English learner must undergo in order to acquire
the L2 Spanish targets /d, t, r, ¢/. Section 2.2 presents the concept of interlanguage and
describes previous studies of the acquisition of L2 Spanish /d, t, r, ¢/. Section 2.3
discusses the factors that have been shown to successfully predict L2 pronunciation. In
Section 2.4, previous auditory and acoustic approaches to assessing L2 pronunciation

accuracy are described.

! See Section 3.2 for a summary of the questions and hypotheses.



2.1 The phonology of [0, t, 1, c] in American English and Spanish

In order to understand how the L1 English speaker acquires L2 Spanish sounds, it is
necessary to understand both a learner’s starting and ending points in a successful
acquisition process. This section begins with the analyses of underlying [0, t, r, ¢] from
an L1 American English point of view in an attempt to answer the question, what is the
abstract knowledge of a learner at the starting point of the acquisition process? As will
be described in Section 2.3, L1 transfer into L2 has been identified as a starting
acquisition process. The second question addressed in this section is, what is the targeted
abstract knowledge that should eventually be acquired by the L2 learner? Thus, the L1
Spanish representations reflect the end point of successful L2 phonological acquisition.
Section 2.1.1 briefly presents the phonological status of [0, t, r, r] from an L1
American English perspective. The L1 Spanish representations of these targets are
divided into two sections. In Section 2.1.2, Spanish /d, t/ have received little discussion
in the literature as their underlying status is undisputed; however, the underlying nature
of trills and taps in Spanish has been the focus of much debate. Therefore, Section 2.1.3
is separately dedicated to the phonemic issues and arguments surrounding Spanish trills
and taps. Section 2.1.4 relates the preceding sections by suggesting the phonological
process that a learner must undergo in the successful L2 acquisition of the Spanish

targets.

2.1.1 Phonological status of /d, t, r, ¢/ in American English

The process of transfer is well documented in L2 acquisition (see Section 2.3.1). The
current study assumes that a beginning learner of L2 Spanish who speaks L1 English
must to a certain extent fall back on L1 American English when first starting the
acquisition process. Thus, a learner must create a new L2 phonological system based to

some extent on underlying representations in L1 English.
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In L1 English, the sounds [d, t] are underlyingly /d, t/ while the tap [] is an
allophone of both /d, t/ (Chomsky and Halle 1968); however, the trill [r] is not an
allophone of any dialect of American English.> The grapheme <t> is typically realized as
a voiceless aspirated stop in word-initial position (e.g., teen [t"in]) or as a voiceless
unaspirated stop in onset cluster (e.g., stick). The grapheme <d> is normally realized as
short-lag unaspirated stop word-initially (e.g., dip). Preceding an unstressed syllable, <t,
d, tt, dd> can all be realized as a tap [r], although the flapping rule in English in optional
(Bloch 1941, Haugen 1938, Sharf 1960). The flapping rule has also been shown to be
optional in formal elicitation tasks (de Jong 1998, Zue and Laferriere 1979). As noted by
Haugen (1938), <t, d> can also surface as a tap before a stress syllable if the stressed
syllable is part of the following word (e.g., put on, what else).

2.1.2 Phonological status of /d, t/ in Spanish

In most dialects of Spanish, /d/ is realized as a voiced dental fricative [0] following a
vowel (e.g., madre ‘mother’, dado, ‘given’); however, [0] may be voiceless when
followed by a voiceless obstruent (e.g., adquirir [adkirir] ‘to acquire’) or when in final
position (e.g., amistad [amistad] ‘friendship’) (Harris 1969)3. In more careful speech, /d/
is realized as [0] in utterance-initial and word-initial position unless preceded by [1] or [n]
(Harris 1969).* Quilis (1981) describes /d/ being realized as its stop variant [d] after a

pause, lateral, and even a nasal.’

? For the purpose of brevity, all future references to English will reflect American English unless specified
otherwise.

3 Harris transcribes the voiceless variant of [3] as [3°].

* Harris labels more careful or formal speech as Andante while “moderately fast, casual, or colloquial”
speech is labeled Allegretto; however, for the present analyses the distinction is not relevant since all /d/
targets appear word-medially are predicted to be realized as [0] in any speaking rate.

> Although I can find no words with tautosyllabic /md/ sequences in Spanish, there are a dozen or so words
that end in /m/. Thus, [md] combinations in normal speech could be found between words as in Miriam dié
un paseo ‘Miriam took a walk,” dlbum de misica ‘music album,’ or curriculum de history ‘history
curriculum.’
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Intervocalic /d/ has even been shown to have an allophonic tap [¢] variant in parts
of the Dominican Republic and a small region in Colombia (Nuifiez Cedefio 1987). This
realization of /d/ as a tap only occurs in intervocalic position, regardless of stress. The
resulting form is homophonous with normally occurring taps and its distinction from an
underlying tap is difficult even for native speakers to perceive outside of a given context
(e.g., toro [toro] ‘bull’ vs. todo [toro] ‘all’). The allophonic tap realization of /d/ also
emphasizes the particularly close relationship of stops, taps, and trills in Spanish.

The segment /t/ is typically realized as a voiceless unaspirated dental stop in all
positions (e.g., boft]a ‘boot’, [t]ono ‘tone’, aft]le[t]a ‘athlete’) except that voicing may
be assimilated when the segment is followed by a voiced obstruent as in a[td]mo'sfera
‘atmosphere’, é[td]nico ‘ethnic’, or ﬁi[td]bol ‘soccer’ (Harris 1969). Quilis and
Fernandez (1973) extend Harris’s observation slightly further stating that /t/ can surface
as [0] in any post-nuclear position (e.g., atlas ‘world’ [ad.las]). Quilis and Fernandez
suggest that this realization may be due to the Spanish’s “tendencia a formar silabas
abiertas”(82), implying that [a0] is more open than [ad]. Thus, it is suggested that [t]
assimilates voicing due to a loss of articulatory tension rather than the presence of a
following voiced consonant.

In sum, intervocalic <d> is typically realized across Spanish dialects as [0] while

intervocalic <t> is systematically realized as [t].

2.1.3 Phonological status of the tap and trill in Spanish

The Spanish tap and trill are concurrently discussed in this section due to the
predictability of their distributions and because some phonological approaches have
categorized them as having the same underlying phoneme.

The distribution of the Spanish tap (la vibrante simple ‘simple vibrant’) and trill
(la vibrante multiple ‘multiple vibrant’) is as follows: The tap can appear word-medially

(cara ‘face’) and in an onset cluster (pronto ‘soon’, cuatro ‘four’), but not word-initially.
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The trill is found word-initially (rico ‘rich’) and word-medially (gorra ‘cap’). In
syllable-final position, <r> can be realized by a tap or trill. In sum, the tap and trill are in
complementary distribution in word-initial onsets, in contrastive distribution word-
medially, and in free-variation syllable-finally.® Furthermore, although /¢/ typically
corresponds to a rapid occlusion of the tongue tip against the alveolar ridge (Quilis 1981),
it can also be realized as an assibilated variant [f] (Cardenas 1958, Quilis and Carril 1971,
Quilis 1981, Torreblanca 1984, Widdison 1998).

Quilis and Fernandez (1973) posit that the tap and trill are separate phonemes
based on their distribution and their contrast found word-medially; however, in order to
account for the neutralization in syllable-final position, the authors posit an archiphoneme
/R/ syllable-finally. Thus, /R/ in syllable-final position can be realized as a tap, trill, or
even a fricative-approximant variant. Many other investigations concerning the tap and
trill have assumed their underlying distinction as well (Moreno de Alba 1972, Quilis and
Carril 1971, Quilis 1981, Quilis 1993).

In contrast to Quilis and Fernandez, Stockwell and Bowen (1965) treat the medial
contrast as underlyingly a doubling of the same phoneme /cc/. The authors support their
argument by noting that some dialects of Spanish have other underlyingly doubled
continuants as in /kanne/ for carne ‘meat’ and /kallos/ for the name Carlos; however,
Stockwell and Bowen do not provide specific dialects for these forms.

Harris (1969, 1983) has also proposed that that the trill and tap are underlyingly
geminate vs. singleton forms of the same phoneme, providing the most detailed
arguments to their underlying status. Word-initially, <r> is underlying /¢/ and a
strengthening rule is posited for its realization as a trill. In rthyme-final position, the
strengthening rule applies optionally to underlying /¢/. Word-medially, a trill production

is underlyingly two taps /cc/. Three rules are posited: First, both underlying taps are re-

® Quilis and Fernandez (1973) point out 15 minimal pairs that are contrasted with word-medial tap and trill.
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syllabified into two syllables. Second, the 2" underlying tap is strengthened to a trill.
Third, the 1* tap is deleted.”

Harris poses three arguments that the trill, in intervocalic position only, is
underlyingly a series of two taps /cc/. The first argument is based on the future verb
morpheme (e.g., [-r€] for the first person singular). For example, given the infinitive
hablar ‘to speak’, the first person singular future form is hablaré (habla +[c]é) ‘1 will
speak’; however, given a class of infinitives, as in poder ‘to be able to’, the same
morpheme is realized without the theme vowel as in podré (pod + [€]). Harris argues
that querer patterns in the same way with poder which effectively accounts for the
realization of querré (que[r]+[c]é) ‘I will want’ as two underlying taps. The second
argument relates to the plural formation of nouns and adjectives and, specifically, the
occurrence of —e after the trill in singular noun form of zorre ‘tower’. Harris proposes
that —e is present underlyingly after a majority of forms and not deleted when preceded
by two consonants. Thus, pan [pan] ‘bread’ would be /pane/ underlyingly while carne
‘meat’ and grande ‘large’ retain the final [e] in their surface forms due to the preceding
two consonants /rm/ and /nd/, respectively. Because torre is also realized as [tore],
support is provided in favor of [r] as /cc/ underlyingly. Harris’s third argument relates to
the absence of antepenultimate stress on Spanish nouns when the penult is a heavy
syllable. For example, proparoxytones are found in Spanish nominals as in fabrica
‘factory’, formula ‘formula’, and ldgrima ‘tear’; however, proparoxytones with a heavy
penult are not found (e.g., *te./é.fos.no) and are judged ungrammatical by native
speakers.® The positing of the trill as /rr/ underlyingly (alongside its re-syllabification)
helps to account for the observed phonotactics of proparoxytones in Spanish since there
are no proparoxytones with a trill in the onset to the final syllable (e.g., *cd.ma.[r]a),.

Nufiez Cedefio (1989) also argues for the trill as a series of two underlying taps

with evidence from hypercorrection in Caribbean Spanish. While speakers will

7 The deletion rule also prevents the additive realizations of *[#r] which would otherwise occur in hablar
rdpido ‘to speak quickly’.

¥ However, the few exceptions include the Spanish place name Frémista and the English loan words
Washington and Mdnchester.
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sometimes hypercorrect and insert /s/ into varying rhymes, Nuifiez Cedefio observes that
/s/ is never inserted into the rhyme of a penult when the antepenult is stressed (in support
of Harris's observation that the grammar does not allow for proparoxytones with a heavy
penult). Furthermore, Nufiez Cedefio points out that if the tap and trill were separate
phonemes that one might expect clusters of a trill plus a tap which do not exist in
Spanish, although, its absence can be accounted for by a deletion rule proposed by Harris.

In contrast to Harris and Nufiez Cedefio, Lipski (1990) argues against positing the
tap and trill underlyingly as a singleton vs. geminate representations, suggesting that both
the tap and trill are underlyingly the same phoneme and that separate realizations are due
to a constrained syllabic template. Arguing against Harris, Lipski suggests that the lack
of proparoxytones is a remnant of their absence in Vulgar Latin and attributes native
speaker grammaticality judgments against these forms (e.g., *te.l.€.fos.no) to a lack of
familiarity on the part of the native speaker rather than a violation of internal grammar.
According to Lipski’s proposal, the Spanish syllabic template only allows for two
consonantal elements in syllable onset. Underlying /¢/ is posited to have a skeletal slot
adjoined to its left in all cases where possible, except in word-medial tap forms which are
marked to prevent the adjunction. The effect of Lipski’s proposal is to suggest that
syllable-final <r> must typically be realized as a trill. In sum, Lipski is able to differently
account for the word-medial trill vs. tap contrast by suggesting that the medial tap is
underlyingly marked to only allow one consonant element in its skeletal structure.

Bonet and Mascaré (1997) also suggest that the medial tap is underlyingly
marked, although they take a different approach than Lipski. Bonet and Mascaré use
sonority structure to account for the underlying nature of trills and taps. The authors
propose that the tap is as sonorous as a glide, while the trill patterns with the sonority of
an obstruent. It is argued that Spanish syllable formation follows Clements’s (1990)
theory of Core Syllabification (i.e., that syllables obey a rising falling sonority curve) as
well as the Theory of Dispersion in which the first demisyllable (onset + nucleus) is
maximal while the second demisyllable (nucleus +coda) is minimized. Hence, the trill

always occurs when it is a single onset element because it better satisfies the Maximal
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Onset Principle. Similarly, the /Cc/ cluster is preferred in order to appease syllable
structure through the maximization of sonority rise in the onset. In effect, intervocalic
flaps are marked as [+f]. Thus, except for intervocalic taps, all tap and trill realizations
are underlyingly /R/ and realized based on their attempt to conform to Core
Syllabiﬁcation.9

In sum, the purpose of this section is not to resolve the debate over the underlying
status of taps and trills in Spanish but rather to summarize the descriptions of these
segments in the literature. Importantly, a representational difference must underlie trills
and taps in medial position regardless of one’s theoretical view. It is this representational

difference that must somehow be acquired by the L2 learner of Spanish.

2.1.4 Phonological processes a learner must undergo in acquiring /d, t, r, ¢/

To summarize the previous sections, American English [d] and [3] are contrastive in
distribution representing allophones of separate phonemes (e.g., there [0€1] vs. dare
[dex]) while in Spanish they are allophones of the same phoneme (e.g., dado [dago]). In
many dialects of American English, the tap is an allophone of both /t/ and /d/ (e.g., writer
[1a1ca1] and rider [1aica1]); orthographic <d, t> are phonetically equivalent for English
speakers preceding an unstressed syllable (e.g., edit, water, sanity). The trill is altogether
absent from American English while <r, 1> in any context is realized as an approximant
(e.g., starry, tree, rich, far). Table 2.1 presents the Spanish targets investigated in this
study and their underlying representations in L1 English and Spanish.

Thus, the Spanish contrasts pose a challenge to the L1 English learner of L2

Spanish, albeit in different ways. The English phoneme /6/ needs to be reassigned as an

® One weakness of the proposal is that Bonet and Mascar6 must posit a post-lexical rule of tensing to
account for word-final trill realizations (that occur “in some varieties”); however, the implication is that
word-final trilling is dialect dependent whereas my own impression is that the phenomenon occurs
regardless of dialect. Furthermore, the authors admit that they cannot account for the absence of a trill in
the onset of a final syllable of a proparoxytone (e.g., *can.to.[r]a).
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allophone of /d/ while English /t/ must not be realized in its flapped variant. In the case
of [r], the learner must either create a new phonological category /r/ or associate a special
feature onto word-medial /R/ in order to produce the trilled variant. For /¢/, the learner
must disassociate the English allophone [¢] from /t, d/. This study will suggest the
relative degree of difficulty of these processes and the influence of word position on L2
phonological development. Table 2.2 outlines the L2 targets and the acquisition

processes that the L1 English learner of L2 Spanish must accomplish.



Table 2.1 Phonology of [0, t, 1, ] in English and Spanish.
Category English English Spanish Spanish
Phonology | word positions Phonology | word positions
[3]is an word-initial: [3] is an intervocalic:
allophone [B]ese allophone yo [8ligo ‘I say’
[5] of /3/ word-medial: of /d/ comi[d]o ‘eaten’
fa[d]er word-final:
word-final: ciu[ad]ald] ‘city’
ba[d]e
[t]is preceding unstressed [t] is an word-initial:
[t] realized as | syllable: allophone [tlono ‘tone’
a tap wa[cler of /t/in all | word-medial:
between hi[c] it positions piltlo ‘string’
vowels.
[r] is an word-initial:
allophone [r]opa ‘clothing’
of /r/ word-medial:
pelr]o ‘dog’
syllable-final:
[r] NA NA ha[r]to ‘full’
habla[r] ‘to speak’
after /L,n,s/:
al[r]ededor ‘around’
en[r]ollar ‘to wrap’
Is[r]ael ‘Israel’
[c] is an preceding unstressed [c] is an onset cluster:
allophone | syllable: allophone c[clespo “curly’
of both /t/ efcJit of /c/ word-medial:
[£] and /d/ bo[rcly toro ‘bull’
hi[ ] it syllable-final:

ha[c]to “full’
habla[(] ‘to speak’

17
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Table 2.2 Phonological acquisition of L2 Spanish /d, t, r, ¢/ by L1 English speakers.

Category Learner development from L1 English to L2 Spanish

Learner must merge allophones (i.e., negative transfer or convergence) of different
[0]-/d/ | English phonemes /d/ and /3/ into allophones of a single phoneme /d/ and avoid the
flapped allophone of /d/.

Learner must disregard the English flapping rule (i.e., allow [t] to be produced
intervocalically). Alternatively, one could also argue for the process of divergence
in which [r] and [t] must be disassociated from /t/.

[t]- &/

Learner must create a new phoneme /1/ or acquire a special length feature to

[r1- /0 incorporate into /c/.

Learner must make an allophonic split (i.e., negative transfer or divergence) of []

- Iel
[~/ from /t/ and /d/ and associate [r] with a new phoneme /r/.

2.2 Interlanguage and variation

The acquisition of L2 sounds is a process which manifests through a range of systematic
variation in attempted L2 productions. This process represents a learner’s developing
grammar and has been described by Selinker (1969) as “interlanguage.” Interlanguage
has also been described as an idiosyncratic dialect (Corder 1967), an approximative
system (Nemser 1971), language-learner language (Corder 1978), and evolving linguistic
competence (Flege 1980). For the purposes of the current investigation, this developing
system will henceforth be referred to as interlanguage. Interlanguage is a series of
evolutionary grammatical stages that are constructed while a learner attempts to acquire
the target language. Thus, an interlanguage production is an attempt at an L2 target using
the rules and processes of the interlanguage grammar. The purpose of this section is to
address the previous studies on the interlanguage development of L2 Spanish [0, t, 1, ¢].

For a summary of the L1 Spanish studies of /d, t, r, ¢/, see Section 2.3.2.
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2.2.1 Previous studies on the interlanguage of Spanish targets [0, t, r, £]

Major (1986) conducted research specifically addressing the interlanguage production of
taps and trills. In his study, L1 English speakers (n=4) of L2 Spanish were recorded
seven times over a seven week period. Major analyzed the L2 productions of five L2
targets: word-initial [#r], word-medial [VrV], and word-final <r>; post-consonantal [Cr]
and word-medial [V¢V]. Although acoustic measures were not incorporated, productions
were transcribed and labeled into one of three categories: transfer error, developmental
error, or correct target. Productions labeled as “transfer” included any tap or trill
production realized as an approximant or a trill realized as a tap. Developmental errors
included any realization judged not to be the English tap, English approximant or target
language form. The goal of Major’s study was to asses his Ontogeny Model of language
development which hypothesizes that transfer errors linearly decrease over time while
developmental errors (i.e., interlanguage variations) increase, then decrease, over time."
The study results did indeed find in the case of taps and trills that transfer errors
decreased over time while developmental errors increased, and then decreased, over the
seven week period, lending support for the Ontogeny Model. Major’s study provides
insight into interlanguage existence, its forms, and variation in the L2 productions of taps
and trills; however, we are not able to quantify the range of variation without more
stringent transcription strategies and phonetic measures.

Although Major did not specifically point out the relation between the acquisition
of taps and trills by word position, his data suggested an effect of word position on
accuracy. Two subjects started off without any correct tap realizations and subsequently
demonstrated correct tap realizations word-medially [V V] before correct tap realizations
in onset cluster [Cr]. In the case of trills, the only subject evaluated as showing some

correct trill productions systematically showed correct trills medially, before evidence of

191t seems as if this prediction could more simply be stated that L2 realizations progressively go from L1
forms, to IL forms, to native-like forms. Furthermore, without the use of acoustic measures, it is not clear
to me if the forms labeled as developmental errors are actually a result of developmental processes or
merely some sort of compromised form between the NL and TL targets.
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correct target forms for trills word-initially. Major suggested that the tap and trill targets
in medial position may have been easier due to “the advantage of already having an air
flow present from the preceding vowel.”(492) Major’s explanation may suffice for the
target words produced in isolation; however, some target words did appear in sentences
read by the participants.

Zampini (1998) also found differences in interlanguage development of L2 Spanish
stops by word position. In the analysis of the Spanish target /b/ by L1 English speakers,
her results demonstrated that learners were more likely to spirantize /b/ word-medially
than between word boundaries. Zampini’s study suggests that one might expect different
realizations of other segments as well, such as the trill and tap targets analyzed in the
current investigation.

Munson (2001) analyzed the short term effects of formal pronunciation instruction
on the pronunciation of L2 Spanish stops, taps, trills, and laterals. Production accuracy
was assessed based on auditory and acoustic measures in order to assign a target accuracy
score. Munson’s analyses included intervocalic [0, r, ¢]; productions of [t] were also
investigated but only in word-initial contexts. At the end of a nine-week intensive study,
scores for [p, t, 0] remained significantly different from scores prior to formal
pronunciation instruction. In particular, students showed the most difficulty in producing
the trill, despite their own observations of knowing when they should be producing it. In
the context of the current study, the results demonstrated a range of variation for L2
productions. Furthermore, Munson identified the difficulty that beginning learners had
for pronouncing the tap and especially the trill.

The difficulty of acquiring the trill has long been noted by researchers of L2
Spanish (Arteaga 2000, Elliot 1995b, Stockwell and Bowen 1965)."" Simoes (1996)
provided his impressions of interlanguage trill and tap realizations by L1 English learners
of L2 Spanish. In both word-medial position and in an onset cluster, the grapheme <r>
was produced as a retroflex approximant which Simoes attributed to the process of

language transfer (see Section 2.3.1). Part of the aim of this study is to analyze the

' See Section 2.3.2 for a discussion of the difficulty of acquiring the trill in L1 Spanish.
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relative difficulty of the trill in relation to the contrasts of [d,t,r] and to also analyze
acquisition of trills and taps by word position.

In sum, previous investigations have analyzed the interlanguage production of the
L2 Spanish targets [d, t, r, ¢]; however, the contrasts have yet to be studied
simultaneously. The results of previous studies also suggest that the trill may be most
difficult in L2 acquisition. Furthermore, the results of Major and Zampini suggest that
L2 native-like realizations may show an effect of word position. Thus, for the current
study, trill scores are predicted to have overall lower scores than other targets; within trill

targets, trill scores are predicted to have lower scores word-initially.

2.2.2 The role of variation in L1 and interlanguage

The goal of this section is to summarize previous approaches to variation in both L1 and
L2 and their implications for variation in interlanguage. In the current study, the
assumption is that native speaker performance is the learner’s target. That is, if we want
to determine if a learner has acquired native-like performance then we must first establish
what it is that native Spanish speakers are doing under the same set of conditions (e.g.,
recording procedures). Thus, there is an attempt to infer the underlying form (i.e.,
competence) from the phonetic representation (i.e., performance). In a sense, one must
work backwards from a surface form in order to understand the state of the underlying
form.

From a traditional Generative view, as characterized by Chomsky and Halle’s
Sound Pattern of English (1968), it has been argued that underlying structure is best
revealed through native speaker competence and not performance. That is, underlying
phonological representations can best be identified through native speaker knowledge
(e.g., intuition), rather than surface forms which may be altered by other linguistic
components or universal language rules outside of the grammar (e.g., universal phonetic
rules). While the identification of unknown underlying patterns argues for the study of

competence (e.g., perception testing and grammatical judgments) and not performance, in
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the case of interlanguage, the underlying target structure is already known to the
researcher. In the context of the current study, there is little debate (with the exception of
the exact nature of taps and trills) to the underlying forms in Spanish and the rules that
govern their surface forms. Thus, the comparison of L2 speech with native speaker
speech, allows one to arguably gain insight into interlanguage structure.

One particular challenge in studying speech patterns is the variation found across
forms that are considered to be the same underlyingly. In the Sound Pattern of English,
the phonological component of the grammar contains phonetic-detail rules that operate
on binary valued features to generate the phonetic transcription. Surface variation can
result from optional rules within the grammar. As stated by Chomsky and Halle, “it is
not necessarily the case that each deep structure determines a single phonetic
representation; if the grammar contains optional rules or analyses, a given deep structure
can underlie two or more phonetic transcriptions.” (294) Alternatively, an aberrant
surface form may be the result of a performance error. The difference between the two is
that in one case a variant is the result of the component contained in the grammar while
in the second case the variant is a mistake resulting from cognitive or gestural
interference.

In the field of sociolinguistics, surface form variation across groups of speakers
has been the center of investigation. In particular, sociolinguistic studies have correlated
the systematic realization of particular phonetic variants of linguistic variables with
gender, task formality, social situations, and the social groups with which speakers may
identify themselves. As discussed by Labov (1972), the realization of a form can be
treated as a function which includes sociolinguistic variables as its input. For example,
the realization of /-ing/ as [mg] vs. [In] has been shown to depend on socioeconomic class,
contextual style, age, sex, and ethnic group (Labov 1966). Importantly, studies have
shown that native speakers’ knowledge of their L1 entails a knowledge of how to make
sense of systematic variation. That is, listeners know how to relate surface variants to the

same underlying linguistic form.
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More recently, even approaches to Optimality Theory have attempted to account
for variation in surface forms. Boersma and Hayes (2001) proposed the Gradual
Learning Algorithm in which there is a stochastic (i.e., probabilistic) component to
constraint rankings. In their proposal, rankings lie along a continuous scale as opposed to
being categorical in nature. That is, “at every evaluation of the candidate set, a small
noise component is temporarily added to the ranking value of each constraint, so that the
grammar can produce variable outputs.”(1) Rankings are considered to have Gaussian
distributions over a portion of the constraint scale. Overlapped rankings not only help to
explain the variation found in native speaker productions, but also explain intermediate
wellformedness decisions by native speakers.

Whereas Contrastive Analysis has been able to ignore variation by merely
focusing on the beginning and end stages of L2 acquisition, any study of interlanguage
development has been forced to address the range of variant forms.'? For example,
Dickerson (1975) used transcription to identify the variants (i.e., the sounds produced for
a particular target segment) that were realized by L1 Japanese speakers of L2 English in
attempting to produce /z/. Her results suggested that all subjects nearly used the same set
of variants in their productions. In addition, subjects similarly used the same variants in
the same environments, and similarly changed their patterns depending on elicitation
task. Dickerson’s study demonstrated that behavior across subjects was consistent and
that the interlanguage system must be modeled in terms of variable rules. In effect,
Dickerson’s results argued for the extension of the sociolinguistic variability model to the
learning of second language phonology. Beebe (1980) also found an effect of speech
style on the frequencies of different variants realized by L1 Thai speakers of L2 English.
Furthermore, studies of interlanguage variation have not been limited to phonology;
Tarone (1983) summarizes interlanguage data from syntax and morphology to show that
interlanguage behavior varies in a systematic way with elicitation task. More recently,
Young (1988) used a multivariate model to account for the variation found in the L2

English acquisition of the —s pluralization morpheme by L1 Chinese speakers.

12 See Section 2.3.1 for a discussion of Contrastive Analysis.
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In the current study, it is assumed that variation exists not only across L2
productions, but also in the productions of the native Spanish speaker participants.
Although the formal elicitation task (i.e., reading from word lists) may reduce the amount
of variability (as suggested by Tarone, 1983), as well as the potential production errors
that might be found in more spontaneous tasks, even the native Spanish speakers in this
study show intra-speaker variability (see Section 5.1). In addition, native speaker
variability is different for different segments, and even different for the same segment in
different word-positions. Thus, in the attempt to assess L2 acquisition, that is, to ask
whether a participant has acquired the grammatical knowledge of a particular segment, it
is necessary to compare the L2 patterns to the patterns of the L1 speakers under the same
conditions.

In sum, variation has been found in both L1 and interlanguage. In a study of
second language speech production, L2 segments and their variation must be compared to
the productions of native speakers under the same set of circumstances. Relevant to this
study, these conditions include task, segment word position, and syllable structure. In
order to account for the variability found in the native speaker productions, L2 accuracy

scores will be adjusted by a variability constant (see Section 5.2).

2.3 Factors of successful L2 acquisition: predicting target difficulty

This section presents the general body of cross-linguistic research that has identified
factors affecting successful L2 phonological acquisition and pronunciation. Based on
these factors, the end of this section aims to make predictions of the relative degree of
difficulty in the acquisition of L2 Spanish /d, t, r, ¢/. This section identifies many
predictors that have been associated with successful L2 pronunciation even though not all
factors presented in this section were able to be analyzed in this study. In reality,

controlling for all factors would have been methodologically difficult and arguably
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impossible; however, identifying factors from previous studies may help to understand
interlanguage development, rate of acquisition, and ultimate attainment.

The term “pronunciation” may appropriately be defined as a system of features
which include segmental, voice-setting characteristics, and prosodic levels (Pennington
and Richards 1986); however, in the current investigation, the segmental level is the
focus of L2 acquisition and pronunciation. Nevertheless, this section includes evidence

of factors that have been shown to successfully affect any level of L2 pronunciation.

2.3.1 Language transfer and universal markedness

Contrastive Analysis (CA) predicts that the ease or difficulty of second language learning
can be predicted through the comparison of native (i.e., L1) and target language (i.e., L2)
forms (Lado 1957). A transfer may be described as producing an L2 segment with one
or more features from a similar segment in the L1. In addition, CA can predict both
positive and negative transfers. An example of a positive transfer would be the transfer
of L1 English /f/ to L2 Spanish /f/."> A negative transfer can occur in one of two ways:
convergence 1s a negative transfer in which a learner must merge two L1 phones into a
single L2 phone while divergence, or allophonic split, describes the process by which two
allophones of the same L1 phone must be associated with 2 phones in the L2. For
example, convergence describes the process in which a learner’s separate L1 English /6/
and /d/ must both be associated with L2 Spanish /d/. An example of divergence includes
the case of the L1 English [d] and [¢] (allophones of English /d/) which must be
associated with separate L2 Spanish phonemes /d/ and /¢/. It might also be claimed that
the association of L1 English [t, r] (allophones of English /t/) also falls under the process
of divergence as [t, r] must be diverged from their association with English /t/ and be

associated with L2 Spanish /t/ and /¢/, respectively.

13 It would seem that a positive transfer implies the accidental production of an L2 target by using an L1
sound; however, it appears impossible in such cases to distinguish between an L1 positive transfer and a
successfully acquired L2 target.
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Lado (1957) has claimed that divergence is not only more difficult than

convergence, but also the most difficult learning process. As stated by Lado:

[TThe kind of problem in which part of a phoneme in the native language
can pass as a separate phoneme in the foreign language, and other parts of
the same native-language phoneme pass as a different phoneme in the
foreign language- that kind of problem is by far the most difficult one to
overcome.(15)

Hence, investigations into target language learning have used the notions of CA,
convergence, and divergence to predict target language errors (Tarone 1978). Corder
(1978) suggested that transfer processes are in essence communication strategies used by
the learner when the L2 has yet to develop (i.e., the learner has to fall back on the L1
when there is not yet competence in the L2). The idea of the L1 being the starting point
for interlanguage has more recently been argued for by the Full Access/Full Transfer
hypothesis (Schwartz and Sprouse 1996). In the context of the current study, if phonemic
splitting is indeed the most difficult acquisition process, scores for /d, t, ¢/ are expected to
be lower than scores for /r/.

Eckman (1977) incorporated universal principles of markedness into CA in order
to predict the relative difficulty of target language forms. He proposed the Markedness
Differential Hypothesis (MDH) in which typological markedness and implicational
universals can predict degree of difficulty for certain target environments. Specifically,
the MDH is able to account for the seemingly different results of two particular studies.
In the first study, the results are predicted by CA alone: Dinneson and Eckman (1975)
showed that L1 German speakers learning L2 English had more difficulty learning the
word-final voicing contrast when compared to another group of L1 English counterparts
learning word-final devoicing in German; however, in a second study of L2 French, the
results are not predicted by CA: Gradman (1971, cited by Eckman 1977) found that L1
English learners of L2 French had no difficulty learning word-initial [3], even though /3/
in English only occurs word-medially and word-finally. Thus, while CA could account

for the results of the L2 German subjects, it could not predict the ease with which L1
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English speakers learned the L2 French word-initial contrast. Eckman reasoned that the
maintenance of the obstruent voicing contrast is more marked in English than it is in
German because typologically, the word-final voicing contrast implies word-initial
voicing contrast, but not vice-versa. Hence, the MDH predicts the results of both
Dinnsen and Eckman (1975) and Gradman (1971).

Despite the strong influence of L1 transfer in early L2 development, a great deal
many other factors have emerged in relation to predicting target language difficulties and
contradict CA predictions. As pointed out by Nemser (1971), there are at least three
arguments against hypotheses based on CA. First, different analyses yield different
predictions. Ambiguous analyses using CA have emerged due to the independent effect
of various linguistic levels on production and also due to the sometimes incongruent
systems that are compared (e.g., English sound system and Bantu clicks). A second
difficulty of the CA hypothesis is that it presupposes what Nemser refers to as the
blinding flash fallacy which assumes that the target and L1 language come together
completely and at the same time; however, exposure to the target language (i.e., L2 input)
is a well-known gradual process. Finally, the third argument against CA hypotheses is
that they must refer to interlanguage in order to predict interlanguage. Because the
premise of CA is that future learning is predicted by current knowledge, each stage of
interlanguage development contributes to the learner’s total knowledge. In effect, the
language learner "is no longer the pristine speaker of L1 assumed by dialinguistic
analysis, but also the user of a more recently acquired system."(122) Thus, CA should
(but does not) analyze both the current interlanguage stage as well as the L1 background
in order to predict difficulties.

In sum, the while CA and the MDH have attempted to predict and account for
target language difficulties and realizations, their predictions have only proven to be
partially insightful into the range of interlanguage productions. For the current study,
Lado’s claims for CA would predict lower scores for /d, t, ¢/ than for /r/ in contrast to the
findings from L2 Spanish acquisition studies (presented in Section 2.2) which would

predict lowest scores for /1, ¢/; however, as the following paragraphs explain, a great
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many factors also correlate and help to predict interlanguage development and L2

acquisition success.

2.3.2 Universal tendencies of acquisition and in L1 Spanish acquisition

Tarone (1980) found evidence not only in support of language transfer and universal
preferences, but also for the reactivation of L1 strategies in L2 learning. Tarone
presented a pilot study that looked at how interlanguage syllable structure differed from
structures of the target language. In her attempt to sort out the influence of L1 transfer
vs. the universal open syllable preference for CV structure, Tarone analyzed the
productions of L2 English by a variety of L1 Cantonese, Portuguese, and Korean
speakers (n=6). The results showed that all speakers made errors that could not be
attributed to language transfer. In addition, speakers reactivated L1 strategies such as
deletion in the production of consonant clusters. Thus, for the current study, scores for
taps in onset are predicted to be lower than scores for taps word-medially.

Macken and Ferguson (1987) suggested that some L1 learning strategies may be a
result of L1 acquisition tendencies generalized across speakers of all languages. The
authors pointed out that at least two universal acquisition tendencies have emerged from
linguistic observations. First, stops tend to be acquired before nasals, nasals before
fricatives, and fricatives before liquids. Second, voiceless sounds tend to be acquired
before voiced sounds as demonstrated in L1 Hindi acquisition (e.g., voiceless unaspirated
stops are produced before pre-voiced and aspirated stops. See Macken (1980) for a cross-
linguistic perspective of L1 stop acquisition). If L1 learning strategies are reactivated by
the L2 learner, and these strategies tend to be universally observed, then one can make
predictions of targets that differ based on their phonological category, as in the current
study. Therefore, one might predict for the current study greater accuracy scores for /t/ in
comparison to /d, r, ¢/ scores assuming the same mechanisms are functioning for L1 and

L2 acquisition.
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Macken and Ferguson’s observation that liquids are acquired late in L1 holds true
in the case of L1 Spanish. The Spanish trill, usually analyzed as a liquid, is often the last
and most difficult sound for children to acquire. Bosch (1983) looked at all Spanish
sounds acquired by 293 children aged 3-6 years old in an attempt to determine their
mastery of Spanish sounds. Subjects were divided into five groups based on their age.
Following a transcription of their productions (elicited by asking the children to describe
pictures containing key target word items), the results reflected the percent error of each
sound category production. For the present study, Bosch's results yielded several
interesting observations: 1) percent error for trills (apart from diphthongs) were higher
than for any other category across all subjects, 2) percent error scores for trills were
higher than for percent errors for taps up until the age of six years old, and 3) both tap
and trill accuracy did not reach 90% until the age of 7. In terms of correct articulations
for [0, t, 1, ], subjects first reached 90% accuracy for [t] (age 3), then [d] (age 4), and
finally [¢] (age 7) and [r] (age 7). Other studies of L1 Spanish acquisition have shown
similar difficulty in acquiring the trill and tap in relation to other sounds (Gonzalez 1989,
Jimenez 1987).

The difficulty of liquid acquisition in L1 may also be compared to the difficulty of
L1 English approximant acquisition. McGowan et al. (2004) also found effects for
syllable position in the L1 acquisition of the English liquid [1]. Eight children were
recorded every 2 months up until age 26-31 months. Results showed that post-vocalic
and syllabic [1] were produced by the end of experiment, but not [1] in prevocalic
position. It was suggested that production of the approximant is easier in post-vocalic
and syllabic positions as it only requires an oral cavity constriction while in pre-vocalic
position, an additional constriction in the pharynx may be required. McGowan’s results
support previous findings by Stoel-Gammon (1985) in which L1 English [1] was
successfully produced word-finally first, and then later in word-initial position.
Assuming L1 strategies are in effect for L2 acquisition (as suggested by Tarone 1980),

McGowan’s findings predict an effect of word position for the current study. Thus,
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scores for trills are predicted to be higher word-medially than scores for trills word-
initially.

The difficulty of learning new motor control may also affect L2 acquisition (as
well as suggest why L1 learners of Spanish acquire the trill relatively late). As pointed
out by Flege (1980), the learning of a new phoneme requires the acquisition of abstract
representatilon and new motor control. The "establishment of articulatory motor control
is itself an important part of second language learning. The language learner, it seems,
must acquire complex new sets of highly automatic articulatory gestures or modify
existing patterns of phonetic implementation in addition to acquiring control of an
abstract, reorganized phonology."(118) Thus, because the realization of the trill is
arguably the only sound for the L1 English learner in this study that requires the
acquisition of a new manner of articulation, we would predict that the trill will be most
difficult for the participants in the current investigation.

In sum, L1 strategies of acquisition may predict degree of difficulty of L2 target
sounds, assuming that the learners continue to have access to L1 acquisition processes.
For the current study, scores of taps are predicted to be higher word-medially than scores
in onset clusters. Based on L1 Spanish patterns, scores for trills are predicted to be lower
than scores for [0, t, ] if L2 acquisition follows L1 Spanish development. The trill is
also predicted to be most difficult due to its novel manner of articulation for the L2

learner.

2.3.3 Age, maturation, and the Critical Period Hypothesis

The effects of a learner’s age in L2 acquisition has been greatly studied since Lenneberg
(1967) found that children rather than adults were more able to fully recover language
functions from certain types of aphasia. Based on the apparent correlation between
neurological development and the difficulty of post-pubescent learners to overcome L2

accents, the Critical Period Hypothesis (CPH) was proposed (Scovel 1969) and has
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continued to be addressed (Patkowski 1990, Patkowski 2003). The CPH predicts that
ultimate L2 proficiency is subject to an optimal period corresponding to biological
effects. That is, adults can never fully acquire L2 pronunciation due to a loss of plasticity
in the brain. The loss of neural plasticity accompanies a neural lateralization of language

functions. As stated by Scovel:

It is the nature of the human brain, not its nurture, that is essentially
involved here — specifically, that the onset of cerebral dominance, which
seems to occur around the age of twelve, inhibits the ability of a person to
master the sound patterns of a second language without an impinging
foreign accent.(245)

While many studies have attempted to test the CPH (e.g., Asher and Garcia 1969,
Oyama 1982, Scovel 1969, Snow and Hoefnagel-Hohle 1982b), more recent debate has
concluded that the CPH cannot realistically be tested (Birdsong 2004, Flege 1986). Flege
(1998) points out that the relationship between neural development and L1 acquisition is
extremely confounded. Variables such as the age at which a learner arrives in the target
country (AOA), length of residence in the target country (LOR), amount of L1 use, and
amount of L2 use have also been shown to be confounded with each other. In effect, it
may never be possible to control for all factors in the comparison of child vs. adult
learners. For example, one difference between children and adults is that it is difficult to
control for the amount of L1 use and the types of social situations in which children and
adults use their L2. Cochrane (1977) administered a detailed survey to L1 Japanese
speaking children and adults living in the US learning L2 English. The results revealed
considerable differences between children and adults in that the children used English
more outside the home and in a wider range of social situations than the adults. Thus,
due to the confounding nature of age with so many factors and the limits on human
subject neural testing, it has been claimed that the CPH is not a true hypothesis since it
cannot be tested (Flege et al. 1997). It has also been argued that social and cultural
factors may have more to do with post-pubescent inability to acquire native-like L2

pronunciation than does cerebral dominance (Hill 1970).
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Despite inconclusive evidence for the CPH, the age at which a person first begins
to learn an L2 has been strongly correlated with successful L2 pronunciation. Age of
Arrival (AOA), or Age of Learning (AOL), has been found to correlate with the
achievement of native-like performance. Krashen et al. (1982) reviewed many studies
and concluded that AOA is the best predictor of eventual attainment. In Oyama (1982),
the authors looked at 60 L1 Italian speakers of L2 English. Subjects were rated by two
judges on a 5 point scale ('no foreign accent to heavy foreign accent'). Judges were "told
to restrict their attention to phonological and prosodic aspects of the samples, [although]
the possibility remains, of course, that other features of the samples may have influenced
the judgments."(24) Each subject read from a paragraph and also spoke in a free
elicitation task. The results found no effect of length of residence ("Number of Years in
the United States") but effects were found of AOA. Thus, a linear relationship between
AOA and degree of foreign accent was suggested.'* In Flege and Fletcher (1992) L2
learners included 30 native Spanish speakers divided into three groups: Early L2 learners
(AOL 5-6 years), Experienced Late L2 learners (averaging 14.3 years length of residence
in the U.S. at testing), and Inexperienced Late L2 learners (.7 years average length of
residence at testing). The results found that length of residence was potentially
confounded with amount of L2 input and L1 use; however, AOL did indeed correlate
with degree of perceived foreign accent such that subjects who had started learning
English at age 5-6 did not have a foreign accent while those who started at age 7.6 years
significantly differed from native English speakers. Chronological age, daily use of L2,
and gender were not found to be significant. More recently, Yeni-Komshian et al. (2000)
also found AOA effects in the analysis of L1 Korean speakers of L2 English. Subjects
that had emigrated by age 6 to the U.S. showed no accent in their L2 English.

In the short term learning of L2 pronunciation, older aged learners may have an

advantage. Snow and Hoefnagel-Hohle (1982a) looked at the pronunciation of L2 Dutch

' Some of Oyama's subjects were rated worse on a supposed more simpler paragraph reading task over the
free-elicitation task. In order to account for this unintuitive result, Oyama suggested that these unpredicted
results could by explained by the “Yerkes-Dodson law” in which a highly motivated subject may have
increased performance on a relatively simple task yet worse performance on a more difficult task.
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by L1 English adults and children. In a naturalistic L2 setting, adults showed short term
superiority in L2 Dutch pronunciation over children; however, differences were not
significant in the long term. It was suggested that adults conform less to peer pressure
than children in a naturalistic setting and that inaccurate L2 pronunciation may reflect
adults’ desire to hold on to cultural-personal identities. The implication is that adult vs.
child age differences may be confounded with attitudes and motivation.'’

In the long term learning of L2 pronunciation, Asher and Garcia (1969) compared
productions by Cuban immigrants to the U.S. with productions of native American
English children. Subjects read from four sentences thought to be most difficult for
native Spanish speakers (e.g., "I had two hot dogs and a glass of orange juice for lunch
yesterday."). Subjects were allowed to rehearse the phrases ahead of time. The judges,
all L1 English trained linguists, listened to the set of sentences and scored each speaker
into one of four categories: A) native English speaker, B) near native speaker, C) slight
foreign accent, and D) definite foreign accent.'® Results showed that immigrants arriving
to the U.S. past the age of 13 were most likely to be rated with a "definite accent" vs.
immigrants who arrived before the age of 6 were most likely to be rated with "near
native" pronunciation. This study has been replicated with Korean immigrants to the
U.S. with similar results (Yeni-Komshian et al. 2000).

In sum, AOA and length of residence have been shown to correlate with degree of
perceived foreign accent. The current investigation is limited to analyzing any effects of
AOL across adult learners; however, it should be made clear that AOL is also
confounded with Spanish experience in the current investigation. Thus, any effects for
AOL may be inconclusive. In regards to the CPH, it cannot be formally tested in this
investigation. As pointed out by Patkowski (2003), the CPH applies to informal and
naturalistic learning environments so it is not relevant to discuss the CPH in terms of the

learners in the current study.

'3 In addition, it is clear that one cannot ignore differences between cognitive development stages.
' Without further criteria, I’m not sure what the differences would be between category B) and C).



34

2.3.4 Influence of a learner’s L1 on L2 perception and production

Although L2 participant perception is not tested in the current study, a brief discussion of
perception is included in this chapter as a learner’s perceptual experience has been argued
to affect successful L2 pronunciation.

Kuhl and Iverson (1995) argued that our linguistic experience alters our phonetic
perception such that perceived sounds are distorted due to a "magnet effect." The authors
proposed the Native Language Magnet (NLM) model to explain altered perceptions of
sounds which in turn affect production of sounds. Most importantly, the model attempts
to explain why adults with differing native languages perceive sounds differently.
According to the NLM, the mind is altered through experience with language. The NLM
doesn't specifically make predictions about L2 production; however, the model predicts
that difficulty in acquisition is a result of difficulty in the discrimination of sounds. Thus,
the implication is that learners may have difficulty producing sounds because they have
associated targets with their own L1 prototypes: "The magnet effects exhibited by
prototypes of native-language categories render certain foreign-language contrasts less
discriminable, making the acquisition of a second language in adulthood more difficult
than the acquisition of a primary language."(149)

Best (1995) presented a different model of perception in which speech sounds are
perceived in terms of gestural features. The Perceptual Assimilation Model (PAM) is
intended to account for differences in the perception of L2 sounds; however, the model
also predicts difficulties in L2 production. The implication of PAM for L2 learners is
that increased perceptual experience in a foreign language leads to increased “attunement
to detecting higher-order invariants of objects, surfaces, and events.”(180) Thus, PAM
predicts that pronunciation difficulties can result from the perceived gestural similarity of
non-native sounds and contrasts with native sounds.

Flege (1995) also has argued for a correlation between perception and production
of non-native targets. The Speech Learning Model (SLM) was proposed in order to

account for the difficulty late learners face in pronouncing target sounds. The model



35

claims that the correct perception of a target guides the correct pronunciation of the
sound. While factors other than inaccurate perception can also affect production errors,
in general, the SLM predicts a correspondence between advanced learner perception and
production. For the current study, the SLM would predict that if an experienced learner
accurately produces a target, then he or she will perceive native Spanish sounds similar to
native speakers. Additionally, if an advanced learner inaccurately produces a target, then
he or she will not perceive sounds like native Spanish speakers. More precisely, the
inability of a learner to produce inaccurate targets is due to his or her inability to group
classes of sounds into categories that are phonetically relevant.

In sum, the NLM, PAM, and SLM all suggest that L2 perception of sounds affects
L2 production, although the processes are explained through differing models of
perception. The NLM and SLM explain perception in terms of phonetic properties while
PAM proposes that speech sounds are perceived in terms of gestural features. In the
context of the current study, the predictions made by the models cannot be tested as this
study focuses solely on L2 productions; however, the inclusion of only L1 English
speakers in the study helps to control for L1 perceptual backgrounds and their potential

effects on L2 production.

2.3.5 Learning and developmental strategies

Learning and developmental strategies within a learner’s interlanguage have also been
shown to affect L2 pronunciation. Selinker (1972) identifies several processes affecting
L2 performance which function within the interlanguage grammar. Overgeneralization
can occur after rules are learned with limited constraints, often in the early stages of rule
acquisition. For example, students learning the past tense morpheme —ed may
unknowingly apply the form to irregular past tense verbs. Transfer of training has been
observed in which learners are so accustomed to the input of certain forms that they fail

to produce distinctions even though they may be consciously aware of the differences
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(e.g., students learning English who fail to distinguish between he/she in their
performance due to invariable textbook input of ke). Second language learning
strategies occur when the target language is reduced to a simpler system, as in treating all
verbs as if they were transitive. A final process of second language communication
manifests when forms are reduced or simply not used because they may not be necessary
to the intended message being communicated. In addition to the above processes,
Selinker identifies spelling pronunciations and hypercorrection as other processes which
may affect L2 productions. For example, L1 English speakers have been observed to
incorrectly pronounce the Spanish name Jiménez as *[dzimmiz] (Lado 1957). Nemser
(1971) suggests the process of reinterpretation as another type of learning interference.
Nemser provides anecdotal evidence of L1 Serbo-Croatian speakers of L2 English
producing [t] in all positions with aspiration. Nemser describes this phenomenon as the
phonematization of a non-distinctive feature in English.

Developmental errors such as avoidance have also been shown to characterize
first and second language productions (Tarone 1978). On the L1 phonological level,
Celce-Murcia (1977) found that a child simultaneously learning English and French
substituted lexical items in an attempt to avoid pronunciation of the voiceless labio-dental
fricative /f/. In L2 pronunciation, Weinberger (1987) found that adult L1 Chinese
learners of L2 English avoided the L2 production of complex syllables in a story-telling
task. The learners demonstrated higher error rates for complex syllable productions when
required to produce the complex syllables in more formal reading task. Regarding syntax,
Schacter (1974) concluded that L2 English speakers who had difficulty with relative
clauses were avoiding them in their productions.

In sum, developmental and learning strategies may potentially affect individual
learners at different stages of their L2 acquisition. Although their emergence may not be
predictable, by recording learners on separate recording sessions over a period of input
and instruction (e.g., 6 months in the case of Experiment A and 2 months in Experiment
B), averaging results across sessions may more reliably represent target difficulty

throughout the acquisition process. In addition, if spelling errors affect accurate
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production, higher accuracy scores for trills medially might be expected over word-initial
trill scores as the graphemes of the former (<rr>) are more indicative of multiple

articulatory contacts than the grapheme of the latter (<r>).

2.3.6 Instruction and input

The use of visual aids has also been shown to result in more native-like production of L2
sounds. Warsi (2002) examined L2 English productions of /1/ vs. /r/ by L1 Japanese
speakers. An experimental group was shown diagrams of articulatory movements and
given auditory feedback on the native-likeness of their productions while a control group
was given no special training. Both groups were rated by 16 native English speaking
judges using a seven point scale. The scores of the experimental group were rated
significantly more like native speakers than scores for the control group. Interestingly,
no differences were found between groups in the learners’ ability to perceive the /1/ vs. /t/
contrast. In another example, Dalby and Kewley-Port (1999) developed systems of
automatic speech recognition to provide feedback to L1 English speakers of L2 Spanish
or L2 Mandarin. Through the use of a computer monitor and headphones (e.g., hearing a
minimal pair and selecting the heard word on the screen with a mouse), the systems were
shown to effectively improve L2 pronunciation. Regarding intonation, L1 English
speakers of L2 Spanish improved their imitation of L2 Spanish intonation following
visual instruction on native speaker FO patterns (Allison 1993).

Amount of L2 input has also been found to affect native-like pronunciation. For
example, Bongaerts (1999) found that L2 learners who were judged to be native speakers
by native speakers had experienced “massive” amounts of L2 input (i.e., they were all
living in the L2 country and continually exposed on a daily basis to the L2 at the
university level). Some L2 English subjects read English sentences and were judged to
be native English speakers, suggesting that late L2 learners can be perceived as native

speakers by native speakers of the L2; however, as pointed out by Bongaerts, in addition



38

to having lots of L2 input, these subjects appeared to have had high motivation to sound
like native speakers and in-depth training in production and perception of the target
sounds.

Similar to the amount of L2 input, adult L2 pronunciation ability has also been
correlated with regularly overhearing the target language as a child. Knightly (2000)
found that adult L1 English learners of L2 Spanish demonstrated significantly more
native-like pronunciation of word-initial /p, k/ and word-medial /b, d/ than students who
had first been exposed to Spanish in high school. Knightly’s results emphasize the
importance of collecting language background information for subjects since previous
childhood language exposure may affect pronunciation ability. To some extent, it could
be argued that overhearing a target language is confounded by and related to ‘age of
learning’ (see Section 2.3.3). Thus, overhearing a target language is a very beginning
step towards learning a target language, or at the very least, may prime the learner to
more easily learn it later on.

It may be worthwhile to point out that learners have their own beliefs regarding
what affects accurate L2 pronunciation. Cendz and Garcia Lecumberri (1999) surveyed
86 L2 English learners with L1 backgrounds in Castilian-Spanish and Basque. The
results showed that learners believed that ear training and contact with native speakers
were the two most important factors identified with successful L2 pronunciation. In
actuality, it’s not clear how ear training and contact with native speakers corresponded to
their L2 pronunciation ability since Cenéz and Garcia Lecumberri did not test L2
production; however, further investigations could test the idea that contact with native
speakers may correspond to amount or quality of L2 input; however, a learner’s own
predictions may not be reliable. The results of Lefkowitz and Hedgecock (2002) showed
a disparity between subjects’ perceptions of their own performance and their observable
production.

In the current study, the type and amount of input could not be strictly controlled
for across participants; however, by grouping participants into levels based on their

experience, the degree of each group’s L2 overall language ability was assumed to be
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constant across speakers at a given level. For this same reason, some participants at the
beginning level were excluded from the final analyses due to extensive previous exposure
to Spanish instruction; however, one participant did report incidental exposure to spoken
Spanish from the age of 5 to 15 years of age (see Section 4.2.1). Thus, bearing in mind
the findings reported by Knightly, the scores of this subject might be predicted to higher

than scores for the counterparts in her cohort.

2.3.7 Gender

Research into the role of gender in successful L2 pronunciation acquisition has yielded
differing results. Some studies have found an effect of gender while others have not.
Larsen-Freeman and Long (1991) suggest that females may be better than males in L2
acquisition due to the "generally accepted fact that females enjoy a rate advantage,
initially at least [in L1 acquisition]"(204), implying that females demonstrate successful
pronunciation sooner than male counterparts. Nevertheless, the authors only cite two
studies to support their claim. In the first study (Farhady 1982), which included 800
subjects, females scored better than males on a listening comprehension task during a
foreign language placement test. In a second study (Einstein 1982), results demonstrated
that females were significantly more able than males to discriminate between L2 prestige
dialects.

Gender differences may also be expected when the self-reported importance of
language use is shown to differ between males and females. Flege, Takagi, and Mann
(1995b) assessed accuracy of L2 English productions by L1 speakefs of Japanese.
Participants were living in the United States. Although the authors did not originally
analyze gender differences in L1 Japanese productions of /1/ and /I/ (granted, their sample
size was limited to four males and eight females), Flege (1998) performed a reanalysis of

the 1995 subject background responses. The reanalysis showed that the men placed a
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greater importance on English language use at work rather than English use at home;
however, the reverse was true for the women.

Gender has been found to interact with age of learning and the degree of foreign
accent (Flege et al. 1995a). Participants included 240 L1 Italian speakers who had begun
learning English in Canada between the ages of 2 and 23 years, yielding an overall length
of residence of 32 years. The judges included 10 native English speakers. The results
found that females received higher scores (i.e., they had less of a foreign accent) when
subject age of arrival averaged at 9.6 years; however, males showed higher ratings when
comparing groups with an average age of arrival of 21.5 years.

In a more recent study, gender effects were found in the production of the L2
Spanish grapheme <v> (Stevens 2000) by L1 English instructors of Spanish. Although a
group of native Spanish speakers (n=10) behaved as a group for gender (i.e., there were
no significant pronunciation differences between males and females), the very
experienced L2 learners (three females and two males) showed differences between
genders. Specifically, females and males favored different realizations of the grapheme
<v> such that females were more likely to produce <v> as a labiodental; however, it
should be noted that the small sample size may have affected observed male/female
differences.

Other studies of L2 acquisition have not shown any affects for gender. In Piske et
al. (2001), three native English speakers rated 72 native Italian speakers of L2 English.
Age of learning was found to be the most significant factor in predicting degree of
perceived foreign accent. Gender, length of residence in target language country, and
self-estimated L1 ability were not found to be a significant predictor. Elliot (1995a)
assessed the L2 segment accuracy of Spanish targets. Out of 32 males and 34 females,
there was no significant effect of gender. Flege and Fletcher (1992) analyzed the L2
English by L1 Spanish speakers (n=30; equal numbers of males and females). Subjects
were rated by 10 native English speakers for degree of foreign accent. Length of
residence was found to correlate with degree of foreign accent; however, gender, daily

use of English, and chronological age were not found to be significant factors.
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In sum, gender effects in successful L2 acquisition should continue to be analyzed
as differences are not always conclusive or necessarily robust due to small sample sizes.
In the current study, the lack of equal samples of men and woman do not allow for
appropriate inferential testing of subjects by gender. Nevertheless, qualitative
descriptions of subject results by gender are included in the current investigation as
gender is included as an independent variable and it has previously been found in some

studies as a possible factor in pronunciation success.

2.3.8 Attitudes, empathy, and motivation

A learner’s attitude has also been correlated with L2 pronunciation accuracy. Suter
(1976) asked native English speakers to subjectively score L2 English learners of L1
Arabic, Persian, Japanese, and Thai. The results were reanalyzed by Purcell and Suter
(1980) and showed that strength of their concern of pronunciation accuracy was one of
four predictors of accurate pronunciation scores. Hammond and Flege (1989) analyzed
subjects’ attitudes towards foreign accents (i.e., speaking a language without native-like
pronunciation) and subjects’ ability to mimic Spanish targets. The results suggested that
learners with negative attitudes towards a foreign accent were more likely to imitate their
own English L1 with Spanish segment substitutes. In order to explain this inverse
relationship, Hammond and Flege suggested that “the more negative an individual feels
toward foreign accent, the more closely s/he may attend to it.”(674) In a separate study,
Elliot (1995) assessed pronunciation attitudes using a Likert-type scale survey.
Pronunciation attitude by L1 English speakers was found to be the best predictor of L2
Spanish accuracy when compared to gender, years of L2 instruction, travel to the 1.2
country, L2 speaking relatives, target language grade point average, overall grade point
average, and number of other languages studied. Stokes (2001) looked at 5 factors: 1)

length of residence in Spanish environment, 2) length of exposure to Spanish, 3) attitude,
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4) music reading ability, and 5) music experience. Results showed that only attitude was
a significant factor in predicting global pronunciation accuracy.

The degree of learner empathy may be similar to learner’s attitude. Guiora et al.
(1972) showed that an empathy score was most accurate in predicting native-like L2
pronunciation. The score was derived from a test in which subjects watched 3 short films,
first at a realistic speed and then again in slow motion. Participants were told to press a
button each time they noted a "change in facial expression" as a gauge of empathy.
Authenticity of L2 pronunciation was judged by a panel of three "trained experts" in the
target language who scored varying segments of subject's imitation of L2 forms after
hearing native speaker sentences.

Regarding motivation, Smit (2002) found that L1 Austrian German speaker
success in an L2 English pronunciation course was positively correlated with their
readiness to change and work on their pronunciation. Schumman (1978) looked at
affective factors such as language and culture shock of an L2 learner in a naturalistic
setting. He also hypothesized a correlation between the socio-economic status of the L2
learner native speaker, and the learner’s degree of self-esteem (e.g., fear of being

ridiculed); however, Schumann did not formally test his ideas.

2.3.9 Amount of L1 use

More recent studies have shown that the amount of L1 use can affect L2 production
accuracy. According to the “single system” hypothesis (Flege et al. 1997), first suggested
by Dunkel (1948 cited by Flege et al. 1997), a learner’s self-reported use of L1 in an L2
learning environment inversely predicts L2 production accuracy. That is, the lower a
learner’s L1 use, the more native-like his or her L2 pronunciation is predicted to be. In
Flege et al.’s study, the authors analyzed L2 Canadian English productions by two groups
of native Italians (n=100) who had emigrated to Canada at the same age (5.6-5.9 yrs);

however, the two groups differed in their amount of self-reported use of Italian (36% vs.
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3%). Monolingual English listeners completed a foreign accent detection task and
identified speakers in both groups has having foreign accented English; however, Italian
subjects who had reported high levels of L1 use received significantly higher foreign
accent scores than participants who reported low L1 use.

Guion et al. (2000) also found support for the single system hypothesis. In her
study, 30 Quichua-Spanish bilinguals were separated into 4 groups based on self-reported
use of Quichua. Subjects produced sentences (through an auditory repetition task) in both
languages while 10 judges (5 near monolingual Spanish and 5 near monolingual Quichua
speakers) auditorily rated the degree of foreign accentedness on a 1-9 point scale. The
researchers found no significant difference between group scores when rated on their
Quichua productions (i.e., differences in L1 use did not affect degree of perceived accent
in the L1); however, a significant difference was found between the high vs. low L1 use
groups when producing Spanish. To further test these findings, Guion et al. (2000)
reanalyzed Korean-English bilingual production data from Yeni-Komshian, Flege & Lui
(2000). The results also yielded a significant correlation between amount of L1 use and
degree of perceived L2 foreign accent.

In the context of the current study, amount of L1 use is less of a predictor of L2
acquisition since all learner groups are learning Spanish in a formal classroom

environment. Thus, it is assumed that they all use English to a similar extent.

2.3.10 Additional factors

Degree of foreign accent may also be affected by a listener’s social background as well.
Beardsmore (1979) found that different communities tolerate accented speech differently.
237 listeners representing three different speech communities showed differences in the
acceptability of the accented speech of a single L1 Dutch speaker of L2 English. The
results suggest that a judge’s auditory impressions are affected by their community

backgrounds. Although not argued for by Beardsmore, the results support the use of
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objective acoustic criteria in the assessment of L2 speech. That is, if judges are
subjective in their assessment of foreign speech, acoustic criteria may help to increase
assessment reliability.

More important to the current study is the nature of the pronunciation task which
has yielded different effects on accuracy evaluation. While not necessarily an indication
of accuracy, increasingly informal tasks have been associated with increased variability
of attempted target productions. For example, Tarone (1983) described how different
elicitation tasks affect L2 pronunciation. Citing Dickerson and Dickerson (1977),
Japanese learners of L2 English yielded higher accuracy scores for /1/ in a careful speech
task in comparison to scores in a casual speech task. Major (1992) also found that L1
Portuguese speakers of L2 English produced less native-like durations of /p, t, k/ when
speaking spontaneously rather than in reading from word lists.

In contrast to previous findings, Lin (2001) found that adult L1 Chinese learners
of L2 English produced more accurate forms in less formal tasks. Lin analyzed the
production of complex consonants and found that subjects increased their use of
epenthesis as the style of their production became more formal; however, the incidence of
consonant deletion and consonant replacement decreased with greater task formality.
Flege et al. (1995b) also found that inexperienced L1 Japanese learners of L2 English
demonstrated significantly lower accuracy scores in producing the English /1, 1/
distinction; however, accuracy of experienced learner productions did not show an effect
of elicitation task suggesting that effects of task may be limited to inexperienced learners.

For the current investigation, if elicitation task does allow learners to more
accurately approximate target forms as most studies suggest, then we might expect
productions to truly reflect the best of their pronunciation ability. For example, if the use
of syllable simplification strategies is indeed weakened in more formal tasks as suggested
by Lin (2001), then analyzing the productions of learners in a formal word list reading
task may most facilitate the emergence of the svarabhakti vowel in their productions.

To summarize Section 2.3, a variety of processes can influence interlanguage

productions and acquisition including native language transfer. Gestural components of
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phoneme acquisition, universal markedness, tendencies in universal as well as L1
Spanish acquisition, age of learning, length of study, perception, developmental and
learning strategies, instruction, input, gender, attitudes, and amount of L1 use have all
been correlated with successful L2 pronunciation. The specific predictions that each of
these factors makes for the current study and its questions are restated in at the end of this

chapter in Section 3.2

2.4 Previous measures and criteria of pronunciation “accuracy”

One goal of this study is to quantify and define pronunciation accuracy using auditory
and acoustic evaluation strategies based on native speaker productions. This section
attempts to justify a two-tiered methodology of accuracy assessment (i.e., auditory and
acoustic analysis), present its benefits, and explain how this study’s methods differ from
previous studies.

Previous pronunciation investigations have judged L2 productions in a variety of
ways. The term “accurate pronunciation” has almost as many meanings as there are
studies in which it is investigated. With the exception of acoustic waveform
measurements of voice onset time (VOT), the majority of pronunciation studies have
been limited to subjective transcriptions and rating scales reflecting impressions of
accentedness. VOT can be described as the time between the release of a stop consonant
(e.g., the coming apart of the lips in the sound [b]) and the beginning of periodic vocal
fold vibration (Abramson and Lisker 1973). Kerswill and Wright (1990) demonstrated
the importance of a theory of transcription. The authors conducted an experiment in
which they compared the transcriptions of thirteen phoneticians to electropalatographic
and acoustic measures. Transcriptions reflected English minimal pairs (e.g., bribe -
bride). The results showed a lack of validity in some transcriptions. For example,
transcribers sometimes noted degree of alveolarity and vowel length distinctions in

contrast to the electropalatographic or acoustic data. Additionally, the indication of
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consonantal features by the transcribers suggested that they were constrained by the
IPA’s segmental nature. In effect, Kerswill and Wright’s study showed that an
unambiguous transcription strategy must clearly define the role of the following three
areas: articulatory vs. auditory impression, individual segments vs. the continuously
varying acoustic signal, and the effects of coarticulation vs. allophonic rule. Kerswill and
Wright emphasized the importance of knowing the features and strategy used by the
transcriber in order to correctly interpret the transcription. Unfortunately, transcription
strategies are taken for granted and rarely discussed in methodologies. This section
presents a variety of approaches that have been used to evaluate accurate pronunciation.
This section is organized as follows: Section 2.4.1 looks at studies that have
assessed L2 pronunciation accuracy using auditory criteria. In Section 2.4.2,
investigations which have used acoustic measures and criteria to score pronunciation

accuracy are presented.

2.4.1 Auditory assessment of “accuracy”

Several studies have looked subjects’ overall pronunciation (i.e., global accent). Suter
(1976) assessed L2 English pronunciation accuracy based on an overall impression of
word pronunciation (and not on a segmental level). In his study, 14 native English
speakers listened to 30 seconds of speech elicited from L1 Arabic, Persian, Japanese, and
Thai speakers of L2 English. The speech samples described a holiday or celebration
from the subject’s native country. Each subject’s “overall pronunciation” was rated on a
1-6 point scale from “best to worse.” Details about the scale were not provided,
however, judges were told to pay attention to rhythm, stress, and intonation and “not to
lump scores into the middle range.”(242) Neufield (1980) described several experiments
in which native French judges attempted to categorize "overall pronunciation.” Subjects
included both native French and non-native advanced L2 speakers of French who were

categorized as 1) francophone from Canada 2) francophone from another country or 3)
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non-francophone. In a more recent study (Stokes 2001), global accent was scored on 1-
10 scale. Subjects included 37 L1 English speakers of L2 Spanish who were scored by 3
native Spanish speakers.

Snow and Hoefnagel-Hohle (1982a) used three judges and a five point scale to
rate the pronunciation accuracy of segments rather than overall pronunciation. Subjects
included L1 English speakers imitating words in L2 Dutch. Segments thought most
likely to cause problems for the subjects were selected for rating. Judges were asked to
rate productions based on the following 5 point scale: “1) Uninterpretable as target sound
2) Correct target sound, very strong accent 3) Correct target sound, noticeable accent 4)
Correct target sound, slight accent or 5) Indistinguishable from a native speaker’s
pronunciation.”(86)

Flege and Hammond (1989) had two “phonetically-trained listeners” rate the
Spanish accent imitations of L1 English subjects in order to test the effects of attitude and
experience on a subject’s ability to imitate English with a Spanish accent (e.g., with the
carrier phrase “The __ isonthe  .” and inserting [bays] for vice and [tfit] for sheer).
Subjects’ productions (i.e., imitation accuracy) were scored into one of three categories:
“1) The target sound was produced as it normally occurs in English (e.g., vice [vays]) 2)
The target sound was replaced by the expected Spanish-accent variant (e.g., vice [bays])
or 3) The target sound was replaced by some sound other that the expected Spanish-
accent variant (e.g., vice [mays]).”(672) Each target was attempted twice within the
same carrier phrase and the production was judged accurate if only one attempt was rated
as shown in (2) above — replaced by the expected Spanish-accent variant. Hence, it
appears that a subject who would have always produced but one out of two correct
Spanish variants would have been rated at 100% pronunciation accuracy. Similarly, a
different student who might have produced two out of two correct variants would also
have been rated at 100% accuracy which does not appear to be an insightful comparison
of scores.

Zampini (1994) evaluated the pronunciation accuracy of spirantized /b, d, g/ by

L1 English speakers of L2 Spanish. Subjects read from a paragraph in Spanish and their
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pronunciation accuracy rating was based on the transcription of the subjects’ realizations
by two judges. The judges included a native Spanish speaker with a background in
linguistics and a native English speaker working on a doctorate in Spanish linguistics.
Accuracy scores were calculated only in the instantiations in which both judges agreed on
the transcription (which was 95%); however, the criteria for their transcription is not clear
from the methodology and appears to be based on auditory impression alone.

Elliot (1995a) used three judges to score the pronunciation accuracy of L1 English
speakers of L2 Spanish."” Subjects were given three tests: auditory word mimicry,
written sentence reading, and a word list reading. Target sounds were selected and
judges were asked to rate productions on a scale of “1” (incorrect target sound), “2”
(approximation of the target sound), or “3” (correct target sound). A fourth free-
elicitation test was assessed following Suter’s (1976) methodology for judging accuracy,
in which judges rated “overall pronunciation” on a scale of 1-5, from “best to worse.”

Southwood and Flege (1999) had 10 L1 English speakers rate the L2
pronunciation by 90 L1 Italian females on a 7 point scale. Six native English speakers
were also included in the speech to be rated. Two important results were found in their
study: First, ceiling effects by the judges suggested that a 9 or 11 point scale would be
more insightful scale to foreign language performance. Second, testing between raters
revealed poor inter-judge reliability which again supports the need for clear criteria for
auditory judgments.'®

Several studies make no mention at all of the way in which productions were
rated accurate. For example, Eckman and Iverson (1997) rated L2 English productions of
[s, 8] by L1 Korean speakers and [0, d] for L1 Spanish speakers. Kim and Jung (1998)
also used transcription to measure the L2 English accuracy of consonant clusters by L1
Korean subjects. Following transcription, the productions were rated as being either

“target language form” or “non-target language form” and non-target forms were then

17 Elliot and a second judge were two English L1 speakers with backgrounds in Spanish linguistics. The
third judge was a native Chilean speaker working towards a Ph.D. in Spanish.

'® It might also be argued that more judges are needed; however, despite the number of judges, one would
expect clear criteria to reduce aberrant rating differences between judges.
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categorized from the transcription as having an articulatory feature change, cluster
reduction, or cluster deletion. Carlisle (1997) and another linguistically trained judge
transcribed two and three-segment onset clusters by L1 Spanish speakers of L2 English
although no mention was made on their transcription strategy. Stevens (2000)
transcribed L1 English learners of L2 Spanish in their productions of the Spanish
graphemes <b, v> without providing a transcription strategy.

In sum, research demonstrates a range of auditory methods in the assessment of
L2 segment accuracy. While some scores are awarded based on linear Likert-type scales,
others result from categorical accuracy. While these methods do not necessarily reflect
unreliable methods of evaluation, the reproducibility of methods and insight into phonetic
variability are more constrained using auditory methods alone and, more so, in the

absence of a transcription strategy.

2.4.2 Acoustic-phonetic assessment of “accuracy”

Assessment of ;‘accuracy” may be accomplished under an acoustic phonetic approach by
quantifying aspects of the acoustic signal which ideally are independent of the judge as
long as consistent measurement criteria are applied. The use of acoustic measures in the
study of interlanguage may be more insightful than transcription alone. Flege (1980)
provides two arguments for the use of acoustic analysis of interlanguage. First, an
experimenter may not be able to reliably transcribe all phonetic variants due to a limited
number of transcription categories and the influence of the experimenter's native
language perceptual categories. Second, phonetic transcription provides greater detail
regarding a particular variant’s distribution and the proximity of different variants to
native target norms. Simoes (1996) provides additional arguments in favor of acoustic
measures: The integration of phonetics in the assessment of L2 acquisition helps to
reduce the subjectivity that is so often found in the use of the term “fluency”; and, the use

of quantitative measures allows for more reproducible studies.
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Several studies have defined L2 accuracy in terms of spectral measures through
the assessment of L2 vowels (Mendez 1982, Simoes 1996). Mendez compared the
productions of 3 monolingual Midwestern American English speakers with productions
of 3 native Puerto Rican Spanish speakers. The first and second vowel formants were
measured at the temporal midpoint. Mendez found no significant differences between
both groups’ productions of /a, i/ but a difference was found in /u/ (significantly lower
frequencies were evidenced for Spanish /u/). Simoes also measured the first and second
formants of vowels to serve as part of objective measurements of fluency in L2 Spanish.
Subjects included five L1 English learners of L2 Spanish in a study abroad context in
Costa Rica. In a third study, Kelm (1987) assessed the L2 acquisition of contrastive
emphasis. Kelm measured pitch and intensity to compare L1 English Speaker
productions of L2 Spanish with productions of L1 Spanish speakers.

More recently, acoustic measures have been used to judge the accuracy of L2 stop
consonant productions. The use of acoustic measures has long been used in experimental
phonetics to describe the differences in VOT of stop consonants between monolingual
Spanish and monolingual English speakers (Abramson and Lisker 1973, Flege and Efting
1986, Flege 1991, Lisker and Abramson 1964, Quilis 1981); however, its use has been
limited in L2 phonological acquisition and pronunciation accuracy. Still, Gonzalez-
Bueno (1997) and Munson (2001) measured VOT durations for L2 Spanish stop
consonants by L1 English subjects in order to assess their interlanguage development.
Unlike subjective auditory scoring, VOT measures are clearly defined and allow an
objective assessment of stop consonant production, emergence of pre-voicing, and degree
of aspiration.

Flege (1991) analyzed the productions of word-initial [t] by L1 Spanish speakers
of L2 English. Subjects were divided into a group of early L2 learners (5-6 year olds)
and late learners (adults). Flege found that the late learners produced “compromised”
VOT values in their realizations of L2 English [t] with values longer than their Spanish
[t] yet still significantly shorter in duration than monolingual [t] realizations; however,

the VOT durations produced by the early learners were not significantly different from
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the monolingual English VOT productions. Magloire and Green (1999) also did not find
evidence of compromised VOT values by early L2 English learners (i.e., bilingual
Spanish and English speakers). In their study, the bilinguals had all started to learn
Spanish at 2 years on average and English at 3.1 years. These results suggest that the
subjects in the current study may also produce measures that are also compromised
although this may be difficult to test for the targets since /r/ has no comparable English
sound and [0] is not known to have a temporal feature difference between Spanish and
English; however, the targets [t] and [] may demonstrate temporal differences (see
Section 3.1.2 and 3.1.4). The findings of compromised VOT in L2 have also been found
by learners with L1 not related to English and Spanish. Flege (1980) presented data by
L1 Arabic speakers producing L2 English stops. Importantly Flege’s temporal
measurements showed that learners produced a range of phonetic variants.

Knightly (2000) used acoustic measures to assess intervocalic stop consonants /b,
d, g/ which are realized in Spanish as [J3, 9, Y], respectively. Based on the examination of
spectrograms of each production, the intervocalic target was assigned one of three
degrees of lenition (visible F1 contour, visible F1 and F2 contour, or visible F1, F2 and
F3 contours) and one of three degrees of voicing (voiceless, partially voiced, or fully
voiced). Native Spanish speakers auditorily rated the L2 segment productions as less
accurate than the native realizations even though there were no differences between
segmental measures. Knightly’s results found that native speaker judges were affected
by global pronunciation even when instructed to focus on individual segments,
effectively supporting the incorporation of objective acoustic measures when assessing
L2 segment accuracy.

Arslan and Hansen (1996) used acoustic measurements to identify temporal
features and intonational characteristics of L2 English Speech produced by L1 Turkish,
German, and Mandarin speakers. The subjects included 43 speakers from the “general

Duke University community” with accented English speech.'® Through an analysis of 20

' It is not clear how the authors decided that their subjects evidenced accented speech or if they controlled
for experience in L2 English.
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isolated words and 4 sentences, the authors measured four groups of temporal durations
as potential accent discriminators: word-final stop closures, word-initial voice onset
time, average vowel duration, and average word duration. With the exception of VOT,
significant differences were found between the native and non-native groups. Significant
differences were also found in the intonational slopes produced by the German and
Mandarin groups and the native English group. While Arslan and Hansen’s findings
were not used to score individual accuracy, their acoustic measurements are important as
they revealed acoustic feature differences between native and non-native speakers of
English.

In sum, criteria for assessing accurate pronunciation vary greatly between studies
and are often ill-defined or not defined at all. The term “pronunciation accuracy” has
been used to reflect gradient impressions of accentedness of different scales or merely the
results of transcription. Part of the aim of this study is to provide quantifiable,
measurable definitions of pronunciation accuracy based on native speaker productions
through the use of clearly defined auditory and acoustic strategies of evaluation. Section
4.4 details the two-tiered criteria for determining accuracy that are subsequently used for
each L2 sound category. Having presented the benefits and previous uses of acoustic
measures in L2 evaluation, the following chapter presents the actual properties and

measures for [0, t, 1, (] that have previously been addressed in the literature.
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3. Acoustic properties and measures for [0, t, r, c] in Spanish

The goal of this chapter is to complete the background literature review by presenting the
acoustic properties of [0, t, r, ] as found from measurements taken in previous research.
In addition, the chapter concludes with a presentation of this study’s question and their
hypotheses which are based on the background presented in Chapter 3 and 4.

Even though this study performs its own analyses of these targets produced by
native Spanish speakers (who were recorded under the same procedures as the
productions of L2 learners), the summary of previous findings is important for two
reasons. First, it is important for current research to be informed by and build upon the
results of previous research; previous descriptions of target segments provide an
investigator with clues as to important acoustic features to be identified, even though the
same measurements of those features may or may not be possible to incorporate into the
current study. Second, summarizing previous methods of acoustic analysis will reveal
any differences between previous methodological approaches and the current study.

It is important to note that realizations of acoustic features by native speakers may
vary based on a variety of dialects and sociolinguistic factors. For example, Medina-
Rivera (1999) showed that productions of taps and trills by native Spanish speakers from
Puerto Rico varied based on their social setting, theme, and the speakers relation to the
interlocutor. The possibility of variation supports the need to base L2 pronunciation
evaluation on native speakers subjected to the same tasks and procedures. It is also
important to point out that the nature of the recording task may affect previous analyses
of acoustic properties. For example, as found by Umeda (1975), temporal cues may be
strongest in a formal setting such as the production of targets from the reading of a word
list.

This section is organized as follows: Section 3.1.1 describes the properties

identified and the measures that have been taken for [0]. Section 3.1.2 presents studies
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that have looked at productions of [t]. In Section 3.1.3, the Spanish trill [r] is described
together with measures in previous studies while the Spanish tap [¢] is discussed in
Section 3.1.4. Section 3.1.5 is separately dedicated to the acoustic properties of the
svarabhakti vowel. In each section, experimental studies that consider acoustic or
auditory differences between the Spanish and English sound category will be mentioned.
The auditory and acoustic properties for the L2 productions of /d,t/, /t/, and /¢/ are
presented in Sections 6.1, 0, and 8.1, respectively. Section 3.2 concludes the chapter by

setting out the questions and their hypotheses for the current study.

3.1 Acoustic properties and measures

3.1.1 Acoustic properties and measures for [0]

In Spanish, <d> is typically realized as a voiced dental fricative [3]. Quilis (1981) notes
that the amplitude and frequencies of its formants, if present, approximate those of the
surrounding vowels in an intervocalic production. Similarly, the degree of intensity
inversely corresponds to the degree of constriction in the oral cavity. Native Spanish
speaker productions of [0] may evidence differing degrees of frication.

Manrique and Massone (1981) provided an acoustical analysis of voiced and
voiceless fricatives in Argentinean Spanish. Their subjects included four adult male
speakers producing disyllabic words of the shape CVCV with two patterns of stress. The
authors took four measurements of each production: 1) The range in frequency (Hz)
observed in the noise and/or the periodic component, 2) the difference (in dB) between
the peak amplitude of the vocalic portion and the peak of frication, 3) the frequency at
which F2 and F3 begin to transition into the production as well as the transition duration,
and 4) the duration of frication. The physical boundary of a production was determined

“by the descent of F1 and the simultaneous decrease of overall intensity.”(1146)
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The results of the Manrique and Massone study yielded several spectral and
temporal characteristics for Spanish [0]. While F1 was consistently centered around
500Hz for all voiced fricatives, F2 varied across fricatives due to the location of the
consonant constriction. The initial frequency of the F2 transition into [3] was also
measured when [0] proceeded the vowels [i, a, e, 0, u]. The results yielded an F2 range
from 1100Hz to 2000Hz, depending on the preceding vowel. In regards to segment
duration, measures differed based on stress. The duration of [0] averaged 58ms in a
stressed syllable and 104ms in an unstressed syllable. Based on their analyses of voiced
fricatives in Spanish, the authors found an effect of voicing and stress on segment
duration. In sum, durations for fricatives were longer in non-stressed syllables.
Additionally, a voiced fricative tended to be shorter than its voiceless counterpart (e.g.,
[0] would be shorter in duration than [0]).

Knightly (2000) also used acoustic measures to assess L2 productions of [3].
Through a visual inspection of the spectrogram, Knightly assigned each realization two
ordinal values. The first value reflected one of three degrees of lenition based on the
visibility of the formants: Visible F1 contour; visible F1 and F2 contour; or visible F1,
F2 and F3 contours. The second value represented a production’s degree of voicing
based on the continuity of the voicing bar beneath the segment: Voiceless, partially
voiced, or fully voiced.

In the current study, overall segment duration was measured for all [0]
realizations. In the case of “approximated” productions (i.e., there was not enough
constriction to appropriately assess segment start and end points), no measurements were
taken; however, the approximated nature of the production was noted. See Section 4.4.1

for details.
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3.1.2 Acoustic properties and measures for [t]

Spanish word-medial [t] is acoustically characterized by a stop closure, release burst, and
short lag voice onset time. Voice onset time (VOT) is defined as the time from the
release of the stop (e.g., the coming apart of the tongue tip from the dental place of
articulation in Spanish) to the onset of periodic voicing in the following vowel.
Spectrally, the release of the stop corresponds to a “sudden spread of spectral
energy.”(Williams 1977:172) The stop closure corresponds to a total absence of
frequencies throughout the spectrum (unlike its voiced counterpart [d]) and is articulated
with a dental place of articulation (Quilis 1981).

While both word-medial and word-initial [t] are described as having positive
VOT (e.g., Quilis 1981), measurements of [t] have typically been limited to stops in
word-initial position. Lisker and Abramson (1964) analyzed two native Spanish
speakers. The average VOT was 7ms for /t/ productions (n=14) produced in sentences;
9ms for productions (n=16) realized in isolated words. While both subjects in Lisker and
Abramson’s study were speakers of a Puerto Rican dialect, Williams (1977) completed a
cross-dialect comparison of VOT produced by Guatemalan, Peruvian, and Venezuelan
speakers (n=24) in which words were produced in a reading task. The results yielded [t]
with an average VOT of 10ms, 20ms, and 16ms, for the Guatemalan, Venezuelan, and
Peruvian dialects, respectively. Flege and Efting (1986) measured word-initial /t/ VOT
duration of 10 adult native Spanish speakers from Puerto Rico (5 males; 5 females).
Target words were disyllabic and read in isolation. The results showed average VOT of
22.4ms with a standard deviation of 6ms. Thus, while variations across dialects may
exist, all speakers tend to produce [t] with a short lag VOT less than 25ms.

The effect of speaking rate on [t] duration has also been investigated. Magloire
and Green (1999) analyzed the effects of speaking rate on stop consonant productions in
both Spanish and English. Their results found that short-lag sounds (e.g., [t]) were
temporally constrained across speaking rates while lead-lag (i.e., prevoicing or negative

VOT) and long lag (i.e., relatively long positive VOT) sound durations were robustly



57

affected by speaking rate. Effectively, their measurements only found a small positive
effect of decreased speaking rate on short-lag productions for both Spanish and English
tokens. Thus, for the current study, normalization of [t] durations across speakers may
not be necessary; however, Section 6.2.2 addresses the inclusion of native speaker VOT
norms on the accuracy scores of L2 productions.

For the current study, two measures were assessed for each [t] production. First,
the stop closure duration was measured as indicated from the disappearance of F2 on the
preceding vowel and taken to the stop release burst. Second, the duration of VOT was
measured from the stop release to the onset of modal voicing in the following vowel. See

Section 3.1.2 for further detail.

3.1.3 Acoustic properties and measures for [r]

Quilis (1981) describes the trill as being typically characterized by 3 occlusions. In such
cases, two intervening vocalic elements demonstrate spectral characteristics of one of the
surrounding vowels. Spectrally, the location on the spectrogram that corresponds to an
occlusion of the tongue tip on the alveolar ridge is characterized by “un espacio casi en
blanco”(a space almost all white) (Quilis 1993:332). For this study, occlusions will
generally be referred to visually as “stripes” in the spectrogram (i.e., the absence of
glottal pulses). Measurements of trills have revealed an average duration of 85ms (Quilis
1993).

Solé (2002) studied the aerodynamic requirements for the production of voiced
and voiceless apical trills. The subjects included the author (a native Spanish speaker)
and another researcher (a native English speaker). Tokens were produced within nonce
words /ara/ and /iri/, in which the medial trill was realized with and without voicing.
Airflow measurements were collected through a Rothenberg mask and
pneumotachograph. The trill productions were measured for oropharyngeal pressure (i.e.,

the pressure between the soft palate and the epiglottis). The results demonstrated several
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aerodynamic distinctions between the voiced and voiceless trill variants. Voiceless trills
(as opposed to voiced trills) showed both higher oropharyngeal pressure and a higher rate
of flow across the laryngeal constriction. In addition, voiceless trills were longer with
more contacts, evidenced frication in the context of /i/, and demonstrated faster rates of
vibration due to the increased translingual air flow. Solé’s results suggested that
voiceless trills are preferred aerodynamically to voiced trills due to fewer aerodynamic
requirements. Solé also found an effect of vowel height on trill production. Higher
pressure was needed in order to make the trill vibrate in the context of /i/ because the
higher tongue position offered more resistance to exiting air flow.

It has also been observed that the typical trill considered standard in most Spanish
dialects is realized as a voiceless velar fricative [x] by native Spanish speakers in Puerto
Rico (Zlotchew 1974); however, Zlotchew did not take acoustic measurements of his
observations.

An assibilated variant [¥] may also be realized in place of the apical trill in some
parts of Colombia, Chile, and Argentina (Cardenas 1958) as well in some dialects of
Costa Rica, Guatemala, Mexico, Bolivia, and Peru (Quilis 1993). The assibilated variant
may be described as not having multiple closures of the tongue tip against the alveolar
ridge, but rather, a near-closure that is accompanied by frication. Quilis and Carril
(1971) suggest that the realization of the assibilated variant in place of a trill may be a
result of too much constriction in the oral cavity. In addition, the assibilated variant may
be realized without voicing due to the increased supraglottal pressure. In contrast, a
relatively open constriction on the assibilated variant is more likely to result in a voiced
production. Quilis and Carril acoustically analyzed the assibilated variant of the trill by
four native Spanish speakers: 1 male from Argentina, 1 female from Argentina, 1 male
from Costa Rica, and 1 female from Chile. The authors found that in environments where
the tap was expected to be realized, the assibilated variant was not found. Several
spectral and temporal measurements were taken of assibilated productions and durational
differences were found by word, syllable, and stress position. Productions in stressed

syllables were longer as were trills word-medially. Word-initial productions averaged
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140ms in a tonic syllable and 80ms in a non-stressed syllable. In word-medial position,
productions were 181ms in tonic syllables and 122ms in atonic syllables. In the context
of the current study, we might expect apical trills to be slightly longer word-initially since
trill targets word-initially are always found in tonic syllables while medial targets are
always in unstressed syllables.

For the current study, we can make two hypotheses based on the results of Solé’s
findings. First, L2 learners will produce more voiceless variants of trill productions due
to the increased aerodynamic requirements of the voiced over voiceless trill. Second, L2
learners will demonstrate lower trill accuracy in the context of /i/ given the aerodynamic
constraints caused by a higher tongue tip position.

In the current study, three measures were collected for word-initial and word-
medial trill productions: 1) overall trill duration, 2) degree of voicing (0 = voiceless, 1 =
partially voiced, 2 = fully voiced), and 3) number of closures. See Section 4.4.3 for

analysis procedures.

3.1.4 Acoustic properties and measures for ]

Recasens (1987) analyzed the articulation of Spanish taps and trills and found gestural
differences apart from the number of occlusions identified between the two realizations.
Recasens suggested that the trill and tap require "contrasting degrees of tongue-dorsum
constraint, which may be associated with the execution of several vibrations for the trill
as opposed to only one vibration for the tap."(306) The trill showed a higher degree of
coarticulatory resistance, requiring greater tongue-dorsum constraint than the tap
(inferred from lower F2 values during target trill closures). Recasens suggested that the
results were consistent with findings in L1 acquisition in which dorsal articulations are
learned after non-dorsal articulations. With regards to the current study, Recasens’ study

predicts that L2 learners may demonstrate higher accuracy scores in taps over trills.
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In a study of American English, Zue and Laferriere (1979) measured tap duration
to the nearest Sms by placing boundaries at the point in which the first formant was
“visibly excited.” In the wordshape V¢V (i.e., with the tap following a stressed syllable),
average tap duration was 26ms in the context of <t> (11ms stdev) and 27ms when
represented by <d> (10ms stdev). Zue and Laferriere also found that some taps appeared
as voiced fricatives in the case of partial closures due to turbulence created at the place of
constriction). Regarding the effect of vowels on tap duration, results revealed
significantly longer flap durations when the preceding vowel was high and fronted (e.g.,
seating). In such instantiations, the authors suggested that the tongue tip overshoots its
temporal target resulting in a longer closure duration.

In Spanish, durations for medial taps have been found to be slightly shorter than
durations for English taps. Quilis (1981) measured tap durations based on the length of
formant interruption. The reported average constrictions duration for taps in a stressed
syllable was 22ms and 18.6ms for taps in an unstressed syllable. The latter measurement
and environment is relevant to the current study.

Monnot and Freeman (1972) analyzed x-ray results of so-called English flaps and
Spanish taps and did not find a cross-language distinction. Their subjects included three
native speakers of Spanish and three native English speakers. All productions
demonstrated a "rapid movement against the forward part of the alveolar ridge" but no
contact with the posterior part of the alveolar ridge (i.e., the tongue did not retroflex
upwards and then strike against the posterior part of the alveolar ridge on its way down);
however, in English, the tongue tip demonstrated anticipatory preparation in contrast to
native Spanish speaker productions suggesting that English speakers may be using a
larger portion of tongue tip for contact. Given this latter observation, one might expect
longer closure duration (i.e., absence of glottal pulsing at the location of the tap closure)
for the English productions.

Horna (1998) investigated a variety of measures for the productions of English
and Spanish taps. In her study, Spanish taps were produced by two speakers in more

informal and less controlled tasks (text reading and conversation). Following auditory
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classification of tap targets as ‘probable’, ‘possible’, or “unlikely’, all taps judged
‘probable’ were analyzed while no taps labeled ‘unlikely’ were considered. Less
complete constrictions that were judged as ‘possible’ taps were included if acoustic
inspection revealed “a small decrease in intensity during one to two pulses [on] the
spectrogram.”(23) Productions labeled “possible,’ that temporally were not longer than
45ms, were also included. For each tap production, five measurements were taken: 1) the
constriction duration and, if present, the release burst duration, 2) the so called 'intensity
dip' (in dB) 3) the peak amplitude (in dB)of the vowels directly preceding and following
the flap, 4) the V1+flap+V2 sequence duration, and 5) F2 at both the offset of the vowel
preceding the flap and at the onset of the vowel following the tap. Constriction duration
was measured visually on the spectrogram where there was “a clear reduction in
amplitude.”(25) The ‘intensity dip’ was calculated by subtracting the trough intensity
value of the tap from either the intensity peak of the preceding or following vowel,
whichever was higher.?

Horna found some flaps with immeasurable durations (4%) while Price (1981
cited by Horna 1998) found that 10% of tokens were immeasurable. Horna suggested
that their differences may be a result of differing analysis methods. Price judged a tap’s
closure interval based on obvious attenuation in the waveform while Horna visually
judged the spectrogram. Horna suggested that the spectrogram may be more sensitive to
tap closure duration than the waveform. Thus, in the context of the current study, visual
inspection of the spectrogram over the waveform may reveal greater subtleties in tap
closer intervals.

In regards to voicing, it has been found that L1 English tap productions are
inconsistent across speakers and may sometimes be realized as voiceless (de Jong 1998);
however, in L1 Spanish, Gili (1921) was unable to find any devoiced tap productions in

any position. Thus, in the context of the current study, native speakers are not expected

2% 1t should be pointed out, however, that Horna suggested that a measure of the ‘intensity dip’ may not be
reliable for productions in which the preceding vowel's intensity peak is much higher than the peak of the
vowel following the tap production.
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to realized voiceless taps; however, if learners are experiencing interference from their
L1, a learner may produce some voiceless taps.

The analysis of palatograms has revealed the Spanish tap to have an alveolar
place of articulation (Gili 1921). In his study, palatograms revealed that the tap and trill
in intervocalic position evidence the same post-dental place of articulation; however, the
place of articulation of taps and trills was affected by surrounding vowel height. Gili
observed that increased vowel height correlated with a farther forward place of contact
(e.g., taps and trills around the vowel [a] were closer to the palate).

The realization of taps by word position has been shown to vary. Concerning taps
in onset clusters, Gili (1921) acoustically analyzed 74 tokens with a tap in onset cluster
and found that taps were realized with a single occlusion in all tokens. Preceding a
consonant, Quilis (1981) found that a tap target typically evidences 2-3 occlusions. Gili
suggested that the appearance of a vocalic, schwa-like element following a word-final tap
(e.g., sacar ‘to take’), both very common and normal. Quilis found that the tap in
syllable-final position can appear with one or more stripes.

In sum, a cross-study comparison of English and Spanish taps suggests that
Spanish taps in word-medial position may be shorter than similarly produced taps in
English; however, spectral and articulatory differences between Spanish and English
were not found to be significant. For the present study, overall tap duration is measured
based on the appearance of a visible white stripe on the spectrogram (i.e., the interruption

of glottal pulses as observed in the spectrogram). For details, see Section 3.1.4.

3.1.5 Acoustic properties and measures for the svarabhakti vowel

The occurrence of the svarabhakti vowel has long been discussed in the acoustic
literature relating to Spanish taps (Gili 1921, Navarro Tomas 1918). The svarabhakti
vowel can be described as an epenthetic vowel found in the context of a tap either

preceding or following a consonant. The svarabhakti vowel is of particular interest to the
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current study as it is evidenced almost systematically by native speakers in the production
taps in onset clusters; however, the results of Experiment A revealed a notable absence of
the vowel in L2 productions. Effectively, the difficulty of L2 learners of producing the
svarabhakti vowel led to the following hypothesis: The manifestation of the svarabhakti
vowel, if it is to occur, will only occur in very experienced L2 learners of Spanish. Thus,
Experiment B included experienced L2 learners in order to test this hypothesis.

Gili (1921) has provided perhaps the most in-depth analysis of the svarabhakti
vowel in Spanish. In his analysis of 61 productions of taps in onset clusters, only 3 tokens
did not evidence the svarabhakti vowel yielding a 95% occurrence. In word-medial
position (e.g., o.pri.mir ‘to oppress’) and taps preceding a consonant (e.g., bar.ba
‘beard’), the svarabhakti vowel occurred less frequently (67% and 62%, respectively).
Gili found the duration of the svarabhakti vowel to be quite varied; however, in 80% of
the realizations (n=126) its duration was found to be greater than the duration of the tap
occlusion. In 14% of the cases the duration was the same as the tap duration and in 6%
of the tokens the duration was shorter than the tap occlusion. In word-initial onset
clusters, the svarabhakti vowel averaged 53ms in duration. In word-medial onset clusters
and in tap plus consonant position, durations averaged 52ms and 37ms, respectively.
Gili’s measures are similar to those of Quilis (1970) who found the svarabhakti vowel to
fall between 8ms and 56ms, averaging 29ms in duration.

Gili suggests that there might have been some measurement interference of taps
preceded by velar consonants (e.g., grano ‘grain’). The interference is attributed to the
relatively long release burst of the velar stop consonant. Thus, in the context of the
present study, the analysis of the svarabhakti vowel following [p] (i.e., a non-velar) is
supported as its measures may be least influenced by a velar stop release.

In regards to spectral characteristics, Quilis (1970) observed that svarabhakti
vowels typically demonstrated similar formant structures to the F 1 and F2 of the
following nucleic vowel; however, formants above F2 were not normally visible. For the
current study, only the duration of the svarabhakti vowel was measured. See Section

4.4.6 for details.
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3.2 The current study’s questions and hypotheses

Synthesizing the theoretical views and previous investigations presented across Chapter 2
and the current chapter, the present study is able to make several predictions regarding
the research questions originally presented in Section 1. In this section, each question is
restated alongside a reference to the section containing the data that addresses the
question. Following each question, hypotheses based on the background review are
presented. Questions 1-3 were originally addressed in Experiment A. Experiment B was

designed to readdress questions 1-3 and to answer questions 4-6.

Question 1: Is there a relative degree of production difficulty of L2 Spanish word-medial
/d, t, r, ¢/ by L1 English speakers? That is, do students show similar score rankings

across target accuracy scores? The data in Section 6.2.1 bear on this question.

Ho: There is no systematic difference in degree of difficulty. That is, observed

accuracy scores will reveal no systematic ranking across participants.

H;: Observed accuracy scores will reflect rankings such that scores for /d, t, ¢/ are
lower than scores for /r/ based on Lado’s (1957) claim that the allophonic splits

are the most difficult processes in L2 phonological acquisition.

H,: Observed accuracy scores will reflect rankings such that scores for /r/ are
lowest. This prediction is based on the additional gestural skills required to make
the trill (Flege 1980) and the assumption that L2 acquisition patterns similarly to
L1 acquisition in which trills are acquired relatively late (Bosch 1983, Gonzalez

1989).
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Question 2: Does trill accuracy emerge with higher scores word-medially over word-

initial trill scores? Section 7.2.1 presents the data that address this question.

Ho: There will be no systematic relationship between the rankings of word-initial

/t/ scores and word-medial /1/ scores.

H;: Accuracy score rankings by word position will be systematic such that word-
initial scores are greater than scores for word-medial trill accuracy. This
prediction is supported by the fact that word-medial trills have an additional
orthographic cue <rr> as opposed to word-initial trills which are represented by a
single grapheme <r>. In addition, Zampini (1998) found that learners were more
likely to spirantize /b/ word-medially than between word boundaries (i.e., word-
initially) suggesting negative prosodic effects on the acquisition of target

segments at word boundaries.

Question 3: Does tap accuracy emerge with higher scores word-medially over scores of
taps in onset clusters? The data that attempt to answer this question is presented in

Section 7.2.2.

Hy: There will be no systematic ranking of word-medial tap accuracy scores and

onset tap accuracy scores.

H;: Scores for word-medial taps will be systematically greater than scores for

taps in onset clusters due to the increased markedness of taps in onset clusters.



66

Question 4: Is the relative ranking of scores for /t/ (i.e., the relative degree of difficulty)
affected by length of voice onset time as a criterion for /t/ accuracy? In Section 6.2.2, the

data that relate to this question are found.

Ho: The relative ranking of accuracy scores for /t/ will not be affected by the

inclusion of voice onset time as a criterion for accuracy.

H;: The relative ranking of scores for /t/ will be altered with the inclusion of
voice onset time as a criterion for accuracy. This prediction is based on the well-
known evidence that voice onset time of stops differs between Spanish and
English (e.g., Lisker and Abramson 1964) despite the fact that in Experiment A, a
subject could produce a [t] with long lag voice onset time (i.e., aspiration) and

still receive an a score of “1” (accurate) for that production.

Question 5: Is there an effect of vowel height on trill productions scored as accurate?

The data in Section 6.2.2 bear on this question.

Hy: Learners are just as likely to have accurate trill scores in any vowel
environment. Flege et al. (1995b) did not find any significant interaction of
vowel height or frontness on the accurate production of L2 English /1, 1/ by L1

Japanese speakers.

H;: Scores for trills will be greater in the context of lower vowels as it has been
shown that the aerodynamic requirements for trill production are fewer in the

context of low as opposed to high vowels (Solé 2002).
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Question 6: Is the emergence of the svarabhakti vowel limited to highly experienced L2
speakers of Spanish? That is, are experienced L2 learners more likely to evidence the
svarabhakti vowel in their productions than less experienced L2 learners? The analysis

of data presented in Section 8.2.2 addresses this question.

Ho: There will be no difference between svarabhakti vowel emergence scores
across beginning, advanced, and experienced L2 participant groups; however, the
distribution of emergence scores for each group will be significantly different

from the distribution of emergence scores for native Spanish speakers.

H;: The emergence of the svarabhakti vowel is most likely to emerge in
experienced L2 learners of Spanish productions. That is, the distribution of
svarabhakti vowel emergence scores of highly experienced learners will be
significantly different from the distribution of scores for learners in less
experienced L2 groups. In addition, assuming the target sound is acquired late in
L2 acquisition, differences between the experienced group scores and the native

speaker scores will not be significant.

In sum, this study’s questions are addressed through several hypotheses. In the
following chapter, the methods of two related experiments (Experiment A and
Experiment B) are presented. The methods of both experiments were designed to address

the above questions.
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4. Methods

The goal of Experiment A was to address questions 1-3 of this study. Question 1 asked,
Is there a relative degree of difficulty of word-medial /d, t, r, ¢/? Thus, L1 speakers of L2
Spanish from three Spanish levels were recorded reading from word lists on three
separate sessions over a six-month period. Target words included word-medial /d, t, r, ¢/.
Percent accuracy for each target was determined based on criteria established on native
speaker productions. The comparison of accuracy scores across categories will address
the degree of difficulty of the medial targets. In order to address Question 2 of this study
(Does /r/ accuracy emerge with higher scores word-medially over word-initial /r/
scores?), tokens in Experiment A included word-initial trills. Thus, percent accuracy
scores will be compared for trills across two word positions. Question 3 asked, Does /r/
accuracy emerge with higher scores word-medially over scores of /r/ in onset clusters?
Tokens with taps in onset clusters were additionally included in the word lists in order to
compare scores for taps in onset clusters with scores for word-medial taps.

The goal of Experiment B was to provide additional data for questions 1-3 and to
address questions 4-6 of this study. Question 4 asked, Is the relative ranking of scores
for /t/ (i.e., the relative degree of difficulty) affected by length of voice onset time as a
criterion for /t/ accuracy? With data from both Experiment A and Experiment B, scores
for /t/ were reanalyzed to take into account a voice onset time duration criterion.
Question 5 asked, Is there an effect of vowel height on /r/ productions scored as

“accurate?” Experiment A did not vary vowel height surrounding word-initial /r/
targets. In Experiment B, both word-initial and word-medial /1/ targets varied
surrounding vowel height. Thus, one goal of Experiment B was to elicit enough
realizations of /r/ scored accurate in order to compare the distribution of scores by
surrounding vowel height. Question 6 asked, Is the emergence of the svarabhakti vowel

limited to highly experienced L2 speakers of Spanish? Based on the inability of the
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beginning, intermediate, and advance groups to successfully produce the svarabhakti
vowel in Experiment A, Experiment B included a group of very experienced L2 speakers
of Spanish in order to test the hypothesis that the svarabhakti vowel is acquired very late
in L2 Spanish acquisition. Thus, Experiment B aimed at comparing scores for
svarabhakti vowel emergence across Spanish levels.

Native Spanish speakers were recorded to provide auditory and acoustic baselines
on which L2 accuracy scoring could be based; however, due to the dual result/methods
nature of the native speaker productions, their productions, derived scoring criteria, and
the scoring of L2 productions are detailed in Chapter 5. Nevertheless, the native speaker
backgrounds are presented in Section 4.3 of the current chapter.

This chapter is organized as follows: Section 4.1 describes the subjects, materials
and recording procedures of the participants found in Experiment A. In Section 4.2, the
subjects and methods in Experiment B are discussed, emphasizing methodological
differences from Experiment A. Section 4.3 presents the backgrounds of the 11 native
Spanish speakers, five of whom were recorded under Experiment A and six who were
recorded in Experiment B. Section 4.4 presents the analysis procedures and measures
that were obtained from all native speaker and L2 productions. The statistical methods

used in this investigation are explained in Section 4.5.

4.1 Experiment A: Subjects over 6-months of study

4.1.1 Experiment A: Participant recruitment and background

Students were invited to volunteer for this study from first, second, and third-year
Spanish courses during the Fall quarter 2002 at the University of Washington. The first-
year students were studying Spanish for the first time and were designated in this study as
“beginning” level. Students from the second-year courses had previously studied Spanish

for the equivalent of three quarters and were designated as “intermediate” level. At the
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third-year, students had the equivalency of six quarters of study and were labeled in this
study as “advanced.”

Students were informed of the general research question investigated in this
study: How do adult-learners of Spanish acquire a Spanish accent over time? However,
the specific sounds to be studied were not mentioned. It was explained that participants
would benefit from the study by receiving personalized feedback regarding their
productions and that they would be able, at the end of the study, to compare their
productions to those of native speakers.

The final sample included 13 students from the beginning (n=4), intermediate
(n=5), and advanced (n=4) levels. Only those participants who continued taking Spanish
throughout the year were included in the final analyses. Other students at each level had
dropped out of the study throughout the year of their own accord. Participants from each
level were recorded three times, once each quarter; students from the beginning,
intermediate, and advanced levels were recorded during the second, third, and fourth
weeks of each quarter, respectively.

Table 4.1 lists the participants’ backgrounds. Participant cohorts were subdivided
by level and cohort; average age is provided. A language background survey was
administered before recording in Session 1 (Fall quarter) and was used to gather
information on gender, age, previous language study, and foreign language exposure. For
example, participant A-Beg-F1 was a female who studied at the beginning level of
Spanish throughout the project. She was 19 years old at the first recording (Session 1)
and had previously studied French for two years and Spanish for one quarter. Prior to
Session 1, she had not spent time in a foreign country. This information is important as a
learner’s native language may influence how he or she accurately produces sounds in an
L2 (e.g., Terrell 1989). Furthermore, information regarding exposure to Spanish, such as
travel, living in a Spanish community, and incidental exposure to the target language
might account for inter-subject variation and suggest an effect on L2 phonology
(Knightly 2000). See Section 2.3 for a summary of factors affecting pronunciation

SUCCESS.
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A copy of the background survey can be found in Appendix A. All respondents
identified themselves as native speakers of English. Participants A-Beg-F1 and A-Adv-
F1 claimed to have grown up in Spanish speaking communities; however, the participants
later revealed through oral communication that English was used solely in their homes
and at school. With the exception of participant A-Beg-F1 who had studied Spanish for

one quarter, participants at all three levels were studying Spanish at

Table 4.1 Experiment A: Summary of participant backgrounds.

Spanish Subject Age of . Time lived in any
Level Code Gender | Age Learning Previous language study foreign country
A-Beg-M1 M 19 19 German (4 yrs.)
g A-Beg-M2 M 23 23 French (3 yrs.) England: 2 yrs.
=
S French (2 yrs.)
(o] - -
3 A-Beg-F1 F 19 19 Spanish (1 quarter)
A-Beg-F2 F 19 19 French (2 yrs.)
average age: 20 20
A-Int-M1 M 21 15 Spanish (3 yrs.)
3 A-Int-M2 M 21 15 Spanish (3 yrs.)
©
g A-Int-F1 F 20 14 Spanish (5 yrs.)
£ A-Int-F2 F 18 15 Spanish (3 yrs.)
A-int-F3 F 21 Spanish (3 yrs.)
average age: 20 15
A-Adv-M1 M 20 16 Spanish (5 yrs.)
B A-Adv-M2 M 17 5 Spanish (5 yrs.)
c
g A-Adv-F1 F 20 16 Spanish (4 yrs.) Ecuador: 2.5 ms.
<
Adv. Portuguese (1 yr.) .
A-Adv-F2 F 19 14 Spanish (1 yr.) Brazil: 1 yr.
average age: 19 13

their corresponding level for the first time in Session 1 (during the Fall quarter) (e.g.,

students at the intermediate level had never before taken a second-year course).
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4.1.2 Experiment A: Word lists and targets

At each of the three recording sessions, participants read from four Spanish lists and one
list in English. The lists were presented in random order. The first list was always in
Spanish and used to adjust recording levels and to correct any immediately evident list
effects; however, tokens from the first list were never included in the analyses. Each
Spanish list was comprised of 21 words to be analyzed while the English list contained
18 words to be analyzed. In order to minimize list effects, three dummy words were
placed at the beginning and end of each list. Three extra dummy words were added to the
English list in order to make the number of tokens equal to that of the Spanish lists. The
Spanish lists contained the same words with three different randomized orderings so that
three repetitions of each target were recorded from each speaker; however, the dummy
words used on each list at every session were different. Randomization was performed in
Microsoft Excel. All target words were placed in a carrier phrase in order to minimize
creaky voice and possible list effects.

Each Spanish word was placed in the carrier phrase Dice  tambieén.
‘He/she says __ also.” Each target word included the target sounds in the following
word positions: spirantized /d/ (word-medially), stop /t/ (word-medially), trill /t/ (word-
initially and word-medially), and tap /c/ (word-medially and in onset clusters). The
vowel [e] in Dice before each word was important in order to allow for comparison of the
word-medial trill (e.g., perro ‘dog’), which was preceded by a vowel, with the word-
initial trill (e.g., dice rico ‘he/she says rich’). Each Spanish word was disyllabic and of
the phonological shape C;VC,V except for the onset-tap targets prisa ‘haste’ and traje
‘suit’ (C;RVC,V) and pronto ‘soon’ (C;RVC,C3V).?' The three words for each target
category controlled for stress placement by maintaining primary stress on the first
syllable. Vowel height was varied for word medial targets since vowel height may affect

the aerodynamic conditions required for production of a following consonant, as in the

2! In Experiment B, the target words pronto and traje were substituted with the words preso ‘arrested’ and
prado ‘meadow’, respectively (see Section 4.2.2).
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case of trills (Solé 2002). For example, all three tokens for each category were preceded
by high, mid and low vowels (e.g., pito ‘string’, bdta ‘boot’, dato ‘fact’).22 In order to
avoid possible lexical effects (e.g., unfamiliar words), words were chosen from a first-
year Spanish text.”® Table 4.2 lays out all Spanish words included in the wordlist and
their corresponding target sounds. A sample word list for Spanish and English are

presented in Appendix B and Appendix C, respectively.

22 In the case of word-initial trills, vowel height was varied following the target. Vowel height was not
varied preceding the word-initial trill target in order to limit the complexity of the study design; however,
in Experiment B, vowel height is varied preceding the initial trill targets.

2 However, Flege et. al. (1998) were not able to correlate cognate status, text frequency, or lexical
familiarity to segmental accuracy for /t/ in L2. The Spanish text was “;Sabias que...?” (Vanpatten et al,
1996).



74

Table 4.2 Spanish phones and their positions within target words. All tokens were used in
both experiments with the exception of pronto and traje which were replaced in
Experiment B with preso and prado, respectively. Although absent from the table
below, word-final <r> targets were also presented to participants in the target words
subir, beber, and sacar.

Word-initial /r/*® Word-medial /r/"?® | Word-medial /c/™*
Token: ri re ra urr err arr ir or ar

1 risa risa

2 remo remo

3 rato rato

4 churro churro

5 perro perro

6 carro carro

7 miro miro

8 toro toro

9 para | para

Onset cluster /c/*° Word-medial /d/" | Word-medial /™
ri IO ra id od ad it ot at

10 prisa prisa
1 pronto pronto
12 traje traje
13 pido pido
14 todo todo
15 dado dado
16 pito pito
17 bota bota
18 dato dato

! Category reflects question #1: Is there an acquisition order of word-medial intervocalic /d, t, r, ¢/?

2 Category reflects question #2: Does trill accuracy emerge with higher scores word-medially over word-
initial trill scores?

3 Category reflects question #3: Does tap accuracy emerge with higher scores word-medially over scores
of taps in onset clusters?

* Category reflects question #4: Are L2 accuracy scores for /t/ affected by length of voice onset time as a
criterion?

3 Category reflects question #5: Is there an effect of vowel height on trill accuracy?

® Category reflects question #6: Are experienced L2 learners most likely to evidence the svarabhakti
vowel in their productions over participants in other groups?



Table 4.3 English phones and their positions within target words.
Word-initial /1/ Word-medial // Onset /¢/™”
Token: (] [1€] [a] [ia] lea] [a1] (i} | [xe] | [12]
1 relay relay
2 raider raider
3 robber robber
4 teary teary
5 payroll payroll
6 starry starry
10 | treaty” treaty
11 | gray* gray
12 draw* draw
Word-initial /d// Word-initial /t/
[ic] [ec] [ac] [ur] [er] [ar]
13 needy needy
14 eddy eddy
15 body body
16 duty duty
17 eighty eighty
18 | haughty haughty

* At the second session of Experiment B, the tokens treaty, gray, and draw were replaced with the words
prequel, program, and product, respectively. The replacement was made in order to assure that the L1
English participants were indeed producing the /pr/ cluster with a stop-approximant combination as
expected in American English.

was embedded in the carrier phrase “He said

75

Table 4.3 presents the English targets and their environments. Each English word

to me.” Vowel height was varied and

primary stress was controlled in English word shapes. All English words were disyllabic

except for the tokens gray and draw.
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4.1.3 Experiment A: Recording procedures and data collection

Each participant was recorded in the sound-attenuated booth at the University of
Washington Linguistics Phonetics Laboratory. Participants were recorded in three
separate sessions over a 6-month period, referred to in the results as T1, T2, and T3,
respectively. Prior to the first recording, participants completed a consent form and the
language background survey. At the time of the third recording, during the Spring
quarter, students at the beginning, intermediate, and advanced levels were several weeks
into their third quarter of first, second, and third-year Spanish courses, respectively.

Each recording proceeded as follows: Upon entering the recording booth, the
participant was informed that participation was voluntary and that he or she could stop at
any time. The microphone was placed approximately six inches from the participant’s
mouth at a 45 degree angle. It was explained that the first list would be in Spanish and
would be a warm-up list to properly adjust the recording levels. The participant was
asked to read each sentence and then was given an example of the desired intonation
pattern in English (i.e., I illustrated the intonation and speaking rate of the Spanish carrier
phrase with English words substituted). The participant was told to read the Spanish as
he or she thought it ought to be pronounced in Spanish while the English was to be
pronounced as he or she normally pronounced English. Following the Spanish warm-up
list, three more lists in Spanish and one list in English were randomly presented. If the
microphone did not receive a clear signal at any time, the participant was asked to start
again from a line indicated by the researcher. Each recording lasted approximately 5
minutes. Spanish was not spoken by the researcher at any time before or during the
recording with the participant.

Recordings were made using an Electro/Voice RE20 microphone with digital
input to a Macintosh G3 computer running SoundEdit™ signal processing software,
enabling automatic digitization. The resulting signal was sampled at 44.1 kHz. At the

end of the recording, the entire session was saved as a single .wav file and then later
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segmented using Praat signal processing software (Boersma and Weenink 2003) into

smaller files representing each target carrier phrase.

4.2 Experiment B: Subjects over 2-months of study

The methodological differences between Experiment A and Experiment B are
summarized here: Regarding subject level, both experiments included L2 participant
groups designated as “beginning” and “advanced” levels; however, Experiment A
included a group designated as “intermediate” while Experiment B included a group
designated as “experienced.” In the case of the experienced L2 speakers, all were
Spanish instructors with L1 English backgrounds at the time of recording. In terms of
materials, all target words in Experiment A were placed in the same carrier phrase while
target words in Experiment B were varied across three carrier phrases in order to test the
effect of vowel height on word-initial trill accuracy. Furthermore, Experiment B replaced
two target words (pronto and traje with preso and prado, respectively) with the aim of
controlling for word shape and the consonant preceding the tap.

The organization of this section is as follows: Section 4.2.1 presents the three
participant groups including a group of experienced L2 speakers of Spanish. Section
4.2.2 describes the revised word lists with altered carrier phrases. Five out of 11 native
speakers were recorded under Experiment B conditions; however, their backgrounds are

presented in Section 4.3.

4.2.1 Experiment B: Participant recruitment and backgrounds

Similar to Experiment A, participants were recruited according to University of
Washington Human Subjects Division’s approved procedures. A new set of students was
invited to participate drawn from the first and third-year courses at the University of

Washington during Summer quarter 2004. The first-year students were studying Spanish
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for the first time and were designated as “beginning” level like their Experiment A
counterparts. The third year students were labeled here as part of the “advanced” group
and all had the equivalent of six quarters of college level Spanish instruction. The non-
native instructors of Spanish all had at least ten years studying Spanish and were
designated as “experienced.”

The final analyses from Experiment B included four beginning participants, six
advanced participants, and 11 experienced participants. Participants at the beginning and
advanced levels were recorded in two separate sessions, the first and last weeks of the
Summer quarter, respectively. The experienced level learners (i.e., the non-native
instructors of Spanish) were recorded in one session. Several students from the
beginning level were not included in the final analyses because English was not their
native language or they had extensive prior Spanish instruction. Table 4.4 summarizes
demographic information for the Experiment B participants, their backgrounds, and

corresponding experience levels.

2% The term “near-native” was also considered; however, although it could easily be argued that the non-
native instructors were all very competent in their Spanish experience, knowledge of the language, and its
pedagogy, the term “near-native” implies a level of proficiency that may or may not be true of their
segmental pronunciation performance. Thus, the term “experienced” was chosen as it more appropriately
reflects their backgrounds without presuming performance.



Table 4.4 Experiment B: Summary of participant backgrounds.
Spanish Subject Age of Previous language Time lived in any
Level Code Gender | Age Learning | study foreign country
> B-Beg-F1 F 32 32 German (1 year) Germany: 9 ms.
g B-Beg-F2 F 20 20 ASL (1 year)
> B-Beg-F3 F 32 32 ASL (1 year)
m
B-Beg-F4 F 20 20 French (4 yrs.)
average age: 26 26
B-Adv-F1 F 20 12 Spanish (7 yrs.)
A Spanish (2 yrs.)
B-Adv-F2 F 20 13 French (1 yr.)
° Ay French (15 yrs.)
§ B-Adv-F3 F 26 19 German (10 yrs.)
]
2 ; Spanish (2 yrs.)
2 B-Adv-F4 F 24 18 German (2 yrs.)
Ady. Spanish (10 yrs.)
B-Adv-F5 F 30 12 French (3 months)
Adu. Spanish (4.5 yrs)
B-Adv-F6 F 19 15 Thai (19 yrs)
average age: 23 15
) N Spanish (10 yrs) .
B-ExpL-M1 M 24 14 Portuguese (2 yrs.) Spain (4 ms.)
. Spain (2 yrs.)
B-ExpL-M2 M 26 14 Spanish (15 yrs.) Mexico (6 ms.)
Spanish (10 yrs) .
BExpLM3 | M 28 15 | French (6 yrs.) gﬁﬁ;" (g n{":))
Portuguese (1 yr.) i
i i Spanish (14 yrs.) .
B-ExpL-M4 M 27 11 Portuguese (2 yrs.) Spain (1yr.)
§ B-ExpL-F1 F 23 16 Spanish (6 yrs.) Spain (1yr.)
c
2 g R French (4 yrs.) .
g B-ExpL-F2 F 29 5 German (3 yrs.) Spain (8 yrs.)
h] French (6 ms.) .
w | -
B-ExpL-F3 F 38 9 ltalian (6 ms.) Spain (2.5 yrs.)
! ) . Spain (1 yr.)
B-ExpL-F4 F 56 13 Spanish (42 yrs.) Mexico (6 ms.)
Arabic (3 yrs.) .
B-ExpL-F5 F 28 13 French (1 yr.) Spain (2.5 yrs.)
Spanish (15 yrs.) .
B-ExpL-F6 F 28 13 French (1 yr.) Spain (1 yr.)
Chinese (4 ms.)
B-ExpL-F7 F 26 13 French (4 ms.) None
Portuguese (4 ms.)
average age: 30 12

79
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4.2.2 Experiment B: Materials

Experiment B word lists followed the design set out in Section 4.1.2 with the exception
of two target words and, additionally, phrasing of the carrier sentences. Modifications
were accomplished to better control for factors influencing comparison of word-initial vs.
word-medial /r/ accuracy, and to include /¢/ targets in onset clusters to enable this study
to address the question of whether very experienced learners evidence higher svarabhakti
emergence over participants with less L2 experience.

In Experiment A, the Spanish word lists included the target words pronto ‘soon’,
traje ‘suit’, and prisa ‘haste’ which allowed for the assessment of tap accuracy in onset
syllables; however, in order to control for word shape and place of articulation in the
onset consonant, pronto and traje were replaced with preso ‘arrested’ and prado
‘meadow’, respectively. Thus, in Experiment B the target words prisa, preso, and prado
were used to assess tap accuracy in onset cluster. All three words conformed to the same
word shape C,C,VC3V,, and together controlled for the consonant (i.e., [p]) preceding
each tap target. The consonant [p] was chosen as opposed to [t, k] in order to more
effectively address svarabhakti vowel productions since Gili (1921) found velar
consonant interference on svarabhakti durational measurements. Furthermore, in
Experiment A, native speaker svarabhakti production following [p] was not 100%.
Placing [p] before svarabhakti targets had the effect of preventing a ceiling effect on the
native speaker svarabhakti emergence. A more normally distributed range of scores
would allow for more meaningful inferential comparison of the native speaker results to
scores for L2 groups.

The Spanish word lists were also modified to include three variations of carrier
phrases instead of one in order to test the effect of preceding vowel height on trill
accuracy. In Experiment A, the Spanish target words were always placed within the
carrier phrase Dice  también. ‘He/she says ___ also.’; however, the [e] preceding
all initial-trill targets in Dice did not provide variation in vowel height as was found

before word-medial and word-final <r> targets (e.g., Dice carro también). The results
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from Experiment A, as well as previous research (Carballo and Mendoza 2000),
suggested that trills may be more difficult to produce following high vowels as

mentioned in Section 3.1.3. Therefore, in order to fairly compare word-initial vs. word-

medial trill accuracy scores, the carrier phrases Habla también ‘He/she speaks
also’ and Ya vi también ‘1 already saw too’ were included alongside the carrier
phrase Dice también. Thus, in Experiment B vowel height was varied before both

word-initial and word-medial trills. The [i] in Ya vi always preceded rico ‘rich,’ the [e] in
Dice always preceded remo ‘1 row,” and the [a] in Habla preceded all three tokens of rato
‘short while’; however, in the case of all other targets, each of the three tokens appeared
on each Spanish list in a different carrier phrase (e.g., the target word codo ‘elbow’ would
have been found on one list beginning with Ya vi, another with Dice, and the third with
Habla). The carrier phrases were randomly assigned (except in the case of initial trill
targets), and evenly distributed across all three Spanish lists using a computer
programming script created using the Perl programming language. See Appendix B for a
sample Spanish list.

The English word list for Experiment B was also modified from Experiment A in
order to visually conform to the multiple carrier phrases found in the Spanish lists. The
single carrier phrase in Experiment A, “He said _ to me”, was replaced in Experiment
B with three carrier phrases: “He’llsee  today”, “He said _ today”, and “He saw
_____today.” In contrast to the Spanish lists, there was no reason to suspect differences
in pronunciation of English targets based on the change in carrier phrases from
Experiment A to Experiment B. Similar to the English lists in Experiment A, the purpose
of the English list was simply to confirm that L1 English participants were producing
English targets with standard American English forms.” The target words treaty, gray,
and draw remained in the English lists at the first recording session S1 (week 1);

however, they were replaced with prequel, program, and product for the second

23 It happened that one original participant was excluded from the final analyses based on her English target
productions. Although she had indicated English as her first language, her English productions indicated
difficulty with /1/ and /l/. It was later verified that she also grew up speaking mandarin at home. Thus, she
was excluded from final analyses due to potential confounds with her L1 background.
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recording session S2 (week 9) in order compare [pr] targets in Spanish with expected L1

English [pa] targets. For a sample English list from Experiment B, see Appendix C.

4.2.3 Experiment B: Recording procedures and data collection

Similar to Experiment A, participants were individually recorded in a sound-attenuated
booth at the University of Washington Linguistics Phonetics Laboratory. Participants
were recorded in two separate sessions over an 8-week period corresponding to the
Summer quarter’s 1 and 9™ week, respectively. Prior to the first recording, each
participant completed a consent form and language background survey. The language
background survey was the same form utilized in Experiment A (see Appendix A). The
recording procedures and data collection in Experiment B were the same as those in

Experiment A (see Section 4.1.3).

4.3 Native Spanish speaker participants

4.3.1 Native Spanish speaker backgrounds

In order to provide native speaker baseline data that would serve as the basis for the L2
accuracy criteria (following reasons discussed in Section 2.4), a set of native speakers
was also recorded as part of Experiment B. The native Spanish speakers included 11
speakers (five males and six females) from Spain, Mexico, Venezuela, Colombia, and
Uruguay. The average age across all speakers was 34 years. All native speakers were
university educated and working in some capacity of Spanish language teaching at the
time of recording. While dialectal differences do exist (see Section 3), the purpose of the
analysis procedures was to minimize potential dialectal differences by extracting only

those auditory and acoustic features present across all native speaker productions. Table
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4.5 provides a summary of the native speakers and their backgrounds. For example,
speaker NS-F4 was 24 years old at the time of her recording and a native Spanish female

from Spain.

Table 4.5 Summary of native Spanish speaker backgrounds.

Spanish | Subject Country of
Eevel Cojde Gender | Age origg
NS-M1 M 35 | Venezuela
» NS-M2 M 41 Mexico
% NS-M3 M 48 Spain
Q NS-M4 M 26 Spain
2 NS-M5 M 25 | Colombia
2 NS-F1 F 27 Spain
(% NS-F2 F 47 Spain
P NS-F3 F 47 Mexico
= NS-F4 F 25 Spain
z NS-F5 F 29 Mexico
NS-F6 F 26 Uruguay
average age: 34

4.3.2 Materials and recording procedures

Native speakers were recorded in a single session. The first five native Spanish speakers
were given the same word lists described in Experiment A (see Section 4.1.2). A second
group of six native Spanish speakers read from the materials used in Experiment B (see
Section 4.2.2). Although all native speakers completed a consent form, unlike the L2
participants, native speakers did not complete the language background survey. Instead,
their native speaker status, age, and country of origin were orally verified. In regards to
data collection, the first group followed the procedures outlined in Experiment A (see
Section 4.1.3) while the second group was recorded using the steps described in Section

4.2.3. In addition, all native speakers read from a corresponding English word list in
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order to ensure that they were following the same recording procedures as the L2
subjects; however, the English productions by the native Spanish speakers are not

addressed in this investigation.

4.4 Acoustic analysis procedures

The purpose of this section is to describe the auditory and acoustic analysis procedures
applied to all productions by all groups. Measurement procedures for each phonological
category are first presented without reference to accuracy scoring (for details on the
auditory and acoustic features used to score L2 productions, see Section 5.2); however, it
should be noted that the measurement procedures here were finalized following informal
inspection of native speaker realizations. That is, it was first necessary to identify any
limitations to the acoustic signal that could potentially be affected by the recording
procedures and experimental design (e.g., microphone and gain settings). Following the
establishment of the measures for each target category, the native speaker productions
were reanalyzed and measured accordingly.

While some measures presented in this section were used to assess segment
accuracy, other measures simply allowed for independent temporal and spectral
descriptions of productions. These descriptions are aimed at providing an independent
assessment of interlanguage development and individual variation without necessarily
referencing either the source or target language (e.g., understanding “inaccurate”
productions). In addition, productions of word-final <r> were measured across all
participants and their characteristics are later discussed; however, the word-final <r>
target was not judged for accuracy due to the extreme variability found in the native
speaker productions. Thus, this section is applicable to seven target categories although
accuracy scores were only determined for six targets. Each of the following sections

references example waveforms and spectrograms found at the end of Chapter 5.
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For the acoustic analyses, Praat version 4.0.1 (Boersma and Weenink 2003)was
used to generate waveforms and spectrograms for each sound. The spectrogram was set
to use a 300Hz filter. For females, the formant analysis range extended to 5500Hz;
5000Hz for males. Praat automatically re-sampled the signal to twice the frequency
range for spectrogram calculation. Spectrogram intensity levels were set to 55dB. For
the native Spanish speakers, a total of 693 Spanish tokens were analyzed (99 tokens for
each of seven target categories, including word-final <r>). For the L2 participants, 4410

Spanish tokens were analyzed.

4.4.1 Measurement of word-medial stop /d/ (allophone [3])

Each segment waveform and spectrogram was visually inspected from a 1 second (s)
window. In the case of spirantized productions, overall segment duration was measured
on the spectrogram from the abrupt decline in F1 or F2 to the following abrupt increase
of overall intensity into the following vowel. In certain cases of little to no vocal tract
constriction at the target, little if any change in overall intensity was evident (except for
perhaps a brief dip in the intensity line). For these “approximated” instantiations, no
durational measure was taken; however, the approximated nature of the production was
noted. For sample measurements of /d/ productions, see Chapter 5, Figure 5.1 through

Figure 5.6.

4.4.2 Measurement of word-medial stop /t/ (allophone [t])

All waveform and spectrogram productions of [t] were viewed and measured from a
250ms analysis window. Two temporal measures were taken from the spectrogram. The
first durational measure reflected the period of stop closure as indicated from the
disappearance of F2 in the preceding vowel through the absence of clear formant

structure prior to the release burst. A release burst was shown by a spike in the waveform
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and a corresponding dark line in the spectrogram at the moment of release. The second
temporal measure reflected any positive voice onset time as indicated from the release
burst to the onset of sinusoidal patterning on the waveform. See Figure 5.7 through

Figure 5.9 in Chapter 5 for example waveforms and spectrograms of [t] productions.

4.4.3 Measurement of word-initial and word-medial trill /r/ (allophone [r])

Measurements of word-medial and word-initial /1/ followed the same procedure. All
productions were analyzed from a 1s window. For each production, three measures were
obtained: 1) overall duration, 2) degree of voicing, and 3) number of stripes. A “stripe”
was taken to indicate the absence of glottal pulses across one or more formants. Overall
duration was measured from the beginning of the first stripe to the end of the second
stripe before the following vowel. Voicing was noted in the voicing bar of the
spectrogram; the voicing bar was taken to correspond to a dark band of energy below the
first formant, corresponding to the speaker’s FO. A value of “0” was used to reflect no
voicing, “1” represented partial voicing in which at least one (but not all) tap occlusions
were followed by a voicing bar, and “2” characterized the presence of a voicing bar
following each tap occlusion. In Chapter 5, Figure 5.10 through Figure 5.13 show
measurements and spectral features of word-initial trill productions; Figure 5.14 through

Figure 5.17 show word-medial productions.

4.4.4 Measurement of word-final <r>

Similar to word-initial and word-medial trills, all realizations of word-final <r> were
analyzed from a 1s window in Praat; however, only an overall duration measure was
obtained for these productions due to the extreme acoustic variability found in native
speaker productions. The beginning of the segment was indicated by a disruption in one

or more formants while the end point for measurement was determined by the
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simultaneous disappearance of energy in the waveform and spectrogram. Figure 5.18

through 4.22 demonstrate measurement of these features in word-final <r>.

4.4.5 Measurement of word-medial /¢/ (allophone [])

All word-medial /¢/ target waveforms and spectrograms were analyzed from a 1s
window. For each production, overall segment duration was measured as the period
corresponding to a spectral “stripe” as indicated by the absence of glottal pulses across
one or more formants. See Figure 5.23 through Figure 5.26 for measurements of word-

medial /¢/ productions.

4.4.6 Measurement of onset cluster /¢/ (allophone [¢])

Taps in onset clusters were first inspected from a 1s window to determine the presence or
absence of a spectral “stripe” as indicated by the absence of two or more glottal pulses
across one or more formants. Following the 1s window inspection, the segment was
analyzed from a 250ms window and the following measures were taken: 1) Overall onset
cluster duration, as measured from the release of the consonant to the onset of sinusoidal
patterning in the following nucleic vowel, 2) if present, the duration of the svarabhakti
vowel element as indicated by brief sinusoidal patterning between the initial consonant
release burst and spectral “stripe” corresponding to the location of tap constriction, and 3)
if present, the distance from the start of the spectral “stripe” to the onset of sinusoidal
patterning in the following nucleic vowel. In Chapter 5, Figure 5.27 through Figure 5.30

show example measures for /¢/ in onsets.
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4.5 Statistical methods

The results of this investigation present the L2 production accuracy scores using
descriptive and inferential methods. Descriptively, raw accuracy scores for each category
are used to provide a percentage of accurately scored productions out of 9 attempted
targets. For example, a raw accuracy score of “.33” in a given session for a given target
reflects 33% accuracy, or 3/9 accurately scored productions. At each session, raw
accuracy scores were divided by the native speaker variability constant (described in
Section 5.1) to yield an adjusted accuracy score which is normalized for the native
speaker production variation. For example, an overall raw accuracy score of “.88” for /t/
would be divided by “.99” (since “.99” was the native speaker variability constant) to
yield an adjusted overall accuracy score of “.89” or 89%. Table 4.6 demonstrates the
application of the variability constants to the word-medial overall raw accuracy scores for

beginning and intermediate level participants in Experiment A.

Table 4.6 The application of variability constants (VC) to word-medial raw accuracy scores
(RAW) and resulting adjusted overall accuracy (RAW/VC = ADJ). Only
participants from the beginning and intermediate levels of Experiment A are shown.

Word-medial /d/ | Word-medial // | Word-medial /r/ | Word-medial /c/
RAW ADJ RAW ADJ RAW ADJ RAW ADJ
VC =99% VC = 99% VC = 89% VC = 93%
A-Beg-M1 | 26% 26% 96% 97% 0% 0% 81% 87%
A-Beg-M2 4% 4% 81% 82% 0% 0% 74% 80%
A-Beg-F1 56% 57% 93% 94% 67% 75% 7% 8%
A-Beg-F2 67% 68% 100% 100% C% 0% 30% 32%
A-Int-M1 0% 0% 100% 100% 0% 0% 0% 0%
A-Int-M2 1% 1% 100% 100% 89% 100% 74% 80%
A-Int-F1 100% 100% 100% 100% 0% 0% 45% 48%
A-Int-F2 0% 0% 85% 86% 0% 0% 7% 8%
A-Int-F3 15% 15% 100% 100% 0% 0% 0% 0%
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Inferentially, observed rankings to the adjusted overall accuracy scores of each
category were tested using a Monte Carlo permutation test. A permutation test evaluates
whether the observed ordination or relationship is stronger than chance (Good 2000).

The rationale for the permutation test can be explained as follows: The results of the
accuracy scores have been presented in an arbitrary order (i.e., the columns for spirant,
stop, trill, and tap accuracy could have been placed in any sequence on a spreadsheet). It
might be claimed that it was the placement of those columns that revealed a particular
ranking or relationship of accuracy scores; however, a permutation test asks, what is the
chance that randomly rearranging the columns could produce just as many patterns of any
ranking and not just the observed pattern? In other words, if the null hypothesis were
true (i.e., there is no systematic ranking to the accuracy scores), then a permutation test
determines the chance of randomly generating any ranking as extreme as the observed
ranking. The test statistic, m, is reported for each permutation test and reflects the ratio
of observed rankings out of 23 participant rankings (all learner level participants). The
Monte Carlo permutation test was completed using a program I created using the Perl
programming language (Practical Extraction and Report Language).26

A similar Monte Carlo permutation test was used to address the question of the
effect of vowel height on accurate /r/ productions. Thus, /t/ accuracy scores are separated
for scores for /r/ in high vowel environments (HI), mid vowel environments (MID), and
low vowel environments (LOW). Instead of using observed rankings of trill accuracy

1) reflects the average across all

(H-M)

scores, three test statistics were generated: q

participants of HI scores minus LOW scores, q is the average across all participants

ML) averages all MID minus LOW scores. For

of HI scores minus MID scores, and q
example, 24 non-native subjects (across all learner and experienced L2 subjects) from

both experiments evidenced some positive trill accuracy scores in either word-medial or

26 Special thanks to Mathias Drton and Paul Scheet in the Department of Statistics at the University of
Washington for all their help and patience in outlining this algorithm. Additionally, Paul Sampson and
several graduate students have been very helpful in providing advice on appropriate tests.
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word-initial position. Thus, each participant has a value that results from subtracting his
or her score of trill accuracy in low vowel environments from his or her score of trill
accuracy in high vowel environments (e.g., if “John” has 70% accuracy of trills in a high
vowel environment, 82% accuracy for trills in a mid vowel environment, and 90%
accuracy of trills in a low vowel environment, his HI-ILOW, HI-MID, and MID-LOW
values would be -20, -12, and -8, respectively). Averaging the resulting values across all
24 speakers would yield each g test-statistic. A Monte Carlo test trial randomly reassigns
all the values in a row (i.e., reassigns the column headers for each participant),
recalculates the HI-LOW, HI-MID, and MID-LOW values for each subject, and then
averages the resulting values across all subjects. If the average is lower than the
originally calculated g test-statistic, then the given trial randomly generated a relationship
as strong as the one observed (“same-as-observed”). A given p value is then the number
of “same-as-observed” trials divided by the total number of trials. The total number of
trials used in this study is 10,000.

A chi square test of independence was used to test the null hypothesis that there
were no differences between groups (including the native speaker group) for the binary
svarabhakti vowel emergence scores (see Section 8.2.2). Svarabhakti vowel emergence
scores for each participant ranged from 0% to 100%; however, the distribution of scores
between groups was not normal. In addition, scores could not be transformed (e.g., by
calculating the arcsine of the square root of each score) to yield a normal distribution. In
effect, an ANOVA could not reliably be used as a test. Instead, scores for each
participant were converted to a binary value where “1” represented native-like
performance and “0” represented non native-like performance. The lowest native speaker
svarabhakti vowel emergence score was 44%. Thus, any score higher than or equal to
44% was represented by “1” and any score lower than 44% was represented by “0.” A
chi square test then tested if the proportions of “1” (native-like SVE) and “0” (not native-
like SVE) were independent of participant level. Following a significant result of the chi
square test, a simple Bonferroni correction was performed on the various possible tests

between each L2 level and the native speaker level (i.e., a chi square test for each 2x2



matrix). Based on the comparison of four pair-wise tests, the Bonferroni correction
required a significance level lower than .0125 (.05/4) in order to be considered

significant.
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5. Native speaker baselines, defining accuracy, and L2 scoring

This chapter presents both native Speaker production results and methods of scoring L2
accuracy. This combined presentation of results and methods is necessary because the
criteria for scoring L2 productions (i.e., defining accuracy) were determined based on
native Spanish speaker productions. There are three important distinctions between the
native speaker productions in Section 5.1 and the ultimate scoring of L2 realizations
described in Section 5.2. First, results and averages include productions from all 11
native speakers; however, the criteria used to score L2 productions in Experiment A and
B were originally determined based upon the productions of five native speakers who
were recorded using Experiment A word lists. The auditory and acoustic features that
were established as accuracy criteria in Experiment A were supported by the six
additional native speakers in Experiment B and hence, were not altered between
experiments. Second, the acoustic analyses of native speaker productions included
additional temporal and spectral measures that were not necessarily incorporated into
accuracy criteria; however, the additional detail may help to further compare L2
productions to native production features (e.g., the role of voice onset time in the accurate
scoring of L2 productions of the medial /t/ target found in Section 6.2.2). Third, Section
5.1.5 includes a description of word-final <r> realizations which are commonly said to be
realized as a tap or trill in Spanish; however, L2 word-final <r> accuracy was not
calculated due to the wide variability across native speaker productions.

A variability constant was established for each target category, based on the
variation within features found for the native speaker productions (see Section 5.1).
While there was an initial attempt to extract only those features found in all native
speaker productions of a particular category, variation across features did exist. A
procedure was followed for each category that reflects the percentage of native speaker

productions that evidenced both the auditory and acoustic features established for that
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category. Hence, the variability constant required the recalculation of L2 accuracy scores
(i.e., normalization) based on the variation found in the native speaker productions of a
particular category. For example, participant A-Beg-F1 received an overall raw accuracy
of 67% for word-medial /r/. The variability constant for word-medial /r/ was 89%. Thus,
her overall adjusted accuracy score was 75% (.67 / .89 = .75).

This chapter is organized into two major sections that set out results for the 2-part
study: Section 5.1 presents the auditory and acoustic features observed in the native
speaker productions of all categories across all eleven native speakers. Results are
grouped by experiment and gender in order to identify any potential differences between
these independent variables. All individual native speaker measurements can be found in
Appendix D — 1. Following the presentation of auditory and acoustic features, I identify
the features most common to all native speaker productions that were used as the
requirements for scoring the corresponding L2 productions as “1” (accurate). Finally, I
calculate the variability constant that was then used for each category. Section 5.2

demonstrates how the accuracy criteria were applied to scoring the L2 productions.

5.1 Auditory and acoustic features of native speaker productions: Defining

accuracy criteria

5.1.1 Native speaker features of word-medial /d/

Auditory features: The two most common auditory features included continual voicing

throughout the segment and the absence of an impression of complete obstruction in the
oral tract. Auditorily, native speaker productions varied dramatically from the clear
impression of an open oral tract to that of a narrow constriction. Auditory analyses of
native speaker productions in Experiment B showed yielded similar impressions of oral

tract constrictions.
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Auditory criterion for word-medial /d/: An impression of voicing in the
production without the impression of stop closure was required for an accuracy

score of “1” for this category.

Acoustic features: Perhaps more than any other category, word-medial /d/ productions

showed marked inter- and intra-speaker variation. All waveforms for /d/ were inspected
from a 1s window in Praat. Realizations spanned a range from intense frication to no
frication throughout the segment. Frication appeared as a reduction of energy throughout
the frequency spectrum, and aperiodicity with the occasional absence of formant
structure. In almost all productions, however, a voicing bar was present throughout the
segment and was accompanied by a positive intensity line across the duration of the
phone. In some productions, the formant and energy structure of a [3] could barely, if at
all, be distinguished from that of the surrounding vowels. In these “approximated”
instantiations, the waveform remained periodic and spectrograms demonstrated a clear
vowel-like formant structure such that both F1 and F2 of the approximated [0] were
interpolated between those values of the flanking vowels, suggesting a fairly open oral
tract configuration. A dip in the intensity line across the spectrogram was sometimes the
only acoustic indication of the approximated [0] production.

Although all native speaker productions were able to be categorized into
spirantized or approximated instantiations, there was variation with the range of frication
or clarity of formant structure present in the productions.

Figure 5.1 shows a waveform and spectrogram for a typical spirantized token for
/d/ with an overall segment duration of 45ms. Frication in the higher frequencies
(>3000Hz) reveals its spirantized nature and, although not always consistent, this
particular production shows a disruption of the formants during the segment.

Figure 5.2 and Figure 5.3 also show waveform and spectrograms of spirantized
instantiations that demonstrate exceptionally long and short overall durations,
respectively. A typical approximated instantiation is shown in Figure 5.4. Its

“approximated” designation is characterized by a continuation of the formant structure
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Figure 5.1 = Waveform and spéctogrm showing a native speaker produéidn of word-medial /d/
designated as “spirantized.” Token [dise dado tam] in Dice dado también,

participant NS-F1.

Waveform and sp
with long overall duration. Token [ya Bi todo tam] in Ya vi todo también,
participant NS-M4.

Figure 5.2
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Waveform and spectrogram showing a native speaker production of word-medial /d/
with short overall duration and release burst. Token [dise todo tamby] in Dice todo

también, participant NS-F3.

Figure 53

“approximated” B
i
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Figure 5.4  Waveform and spectrogram showing a native speaker production of word-medial /d/

designated as “approximated.” Token [dise pido tamby] in Dice pido también,
participant NS-MS5.
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Waveform and spectrogram showing a native speaker production word-medial /d/
with partial devoicing. Token [dise pido tam] in Dice pido también, participant NS-

F1.

Figﬁre 5.5

release burst

g i AWWWEWWW / / 4 ?4? Z
Waveform and spectrogram showing a native speaker production of word-medial /d/
with a long overall duration and release burst. Token [dise dado tamby] in Dice

dado también, participant NS-F3.

Figure 5.6
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throughout the segment production, an absence of frication in the higher features, and no
clear abrupt transition in intensity by which to visually demarcate the segment from the
surrounding vowels. For all similar approximated instantiations, overall segment
duration was not measured.

Regarding voicing, all but one token across both experiments demonstrated
voicing throughout the segment as shown by a voicing bar across the spectrogram.”’
Despite the overwhelming presence of voicing in productions, speaker NS-F1 produced
one token with partial devoicing indicated by a disappearance of the voicing bar and
aperiodic signal in the waveform (see Figure 5.5). In regards to the presence of release
bursts, 6 out of 73 spirantized instantiations were noted to have a release burst. Figure
5.3 and Figure 5.6 demonstrate two spirantized productions with the visual presence of a
release burst. In these tokens, overall duration was taken from the start of the segment to

the onset of sinusoidal voicing in the following nucleic vowel.

Acoustic Measures: The five native speakers from Experiment A produced 82% of /d/

targets as spirantized productions and 18% as approximated instantiations. In
Experiment B, 67% of /d/ productions were spirantized aﬁd 33% were approximated.
Thus, spirantized instantiations accounted for 74% of all productions and 26%
represented approximated instantiations. Regarding productions by gender, 56% of all
male (n=5) productions were identified as spirantized and 44% were found to be
approximated. Females (n=6) yielded a greater frequency of spirantized instantiations
and fewer approximated instantiations compared to male productions; out of 54
productions by female native speakers, 89% were designated as “spirantized” and 11%
were designated as “approximated” instantiations. Table 5.1 shows the results of the
spirantized vs. approximated instantiations by experiment and Table 5.2 details /d/

production types by gender.

*7 This feature is important as some L2 productions revealed all characteristics of the native speaker
realizations for /d/ except voicing. In effect, some L2 productions were realized as voiceless dental
approximants and were scored as “0” (inaccurate);
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In Experiment A, overall durations of spirantized productions ranged from 30-
72ms, averaging 44ms (11ms stdev) duration. Experiment B spirantized productions
ranged from 41-73ms with an average duration of 54ms. Across all native speakers,
overall duration was 49ms (11ms stdev) with a minimum duration of 30ms and a
maximum of 73ms. Analyzing overall duration by gender, male durations were typically
slightly longer than female durations. Males yielded average overall durations of 52ms
(12ms stdev) in contrast to 48ms (10ms stdev) overall duration for female productions.
Table 5.3 presents the overall durations by experiment while durations by gender are

shown in Table 5.4.

Acoustic criteria for word-medial /d/: In the case of spirantized tokens, all but
one spectrogram showed an attenuation of the signal longer than 30ms.”® Thus, a
durational criterion was used to score acoustic accuracy for the intervocalic
target phone /d/.” All tokens also demonstrated a voicing bar throughout most
(>50%), if not all (100%) of the segment. Thus, the presence of voicing (>50% of
the segment duration) and durational features (for spirantized productions) were
the two acoustic features found in common across all native speaker productions

of /d/ required for an accuracy scoring of “1” for this category.

Variability constant for word-medial /d/: Out of 99 productions, 98 instantiations
could be classified as “spirantized” or “approximate” and assigned a score of “1”
for both auditory and acoustic accuracy. Thus, the variability constant for L2

productions of this category was 99%.

%% One token was measured at 30ms.

% Although the durational criterion was irrelevant to categorize a /t/ phoneme production, the durational
requirement was necessary for /d/ since the visual absence of glottal pulses for less than 30ms was
characteristic of native speaker tap productions.



Table 5.1 Frequency of occurrence of “spirantized” vs. “approximated” native speaker

productions of word-medial target /d/ by experiment.

Word-medial /d/

Total Total
"spirantized” "approximated"”
productions productions
Exp. A n 37 8
native speaker
productions
(n=45) frequency 82% 18%
Exp. B n 36 18
native speaker
ductions
pro(n:csztg frequency 67% 33%
Al n 73 26
native speaker
ductions
prczntigé) frequency 74% 26%

Table 5.2 Overall duration by experiment of word-medial /d/ spirantized productions.

Word-medial /d/

Overall duration (ms)

Exp. A average 44
native speaker stdev 11
productions min 30
(n=37) max 72
Exp. B average 54
native speaker stdev 8
productions min 41
(n=36) max 73

All native average 49
speaker stdev 11
productions min 30
(n=73) max 73

100
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Table 5.3 Frequency of occurrence of “spirantized” vs. “approximated” native speaker
productions of word-medial /d/ by gender.

Word-medial /d/
Total Total
"spirantized” "approximated"”
productions _productions
Male (n=5) n 25 20
native speaker
productions
(n=45) frequency 56% 44%
Female (n=6) n 48 6
native speaker
ductions
prczn:gdljn frequency 89% 11%

Table 5.4 Overall duration of spirantized productions of word-medial /d/ by native speakers

by gender.
Word-medial /d/
Overall duration (ms)

Male (n=5) average 52
spirantized stdev 12
productions min 36
(n=25) max 73
Female (n=6) average 48
spirantized stdev 10
productions min 30
(n=48) max 72
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Figure 5.7

Waveform and spectrogram showing a native speaker production of a typical word-

medial /t/. Token [pito] in Dice pito también, participant NS-F6.

46ms stop closure

[ 3
31ms VOT |

Window 0 2000 ceconds

Figure 5.8

Token [pito] in Dice pito también, participant NS-M1.

Waveform and spectfogram showing a native speaker prodﬁction of word-medial /¢
with short stop closure duration and long voice onset time (SCD/VOT = 1.5).
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Figure 5.9 ~ Waveform and spectrogram showing a native speaker production of word-medial /t/
with long stop closure duration and short voice onset time (SCD/VOT = 8.3).
Token [ato] in Habla dato también, participant NS-F2.
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5.1.2 Native speaker features of word-medial /t/

Auditory features: In Experiment A productions, 43 out of 45 productions gave the
auditory impression of a complete obstruction of the oral tract. In two instantiations (by
the same male speaker) a contact was not audible, but the segment seemed narrowly
constricted in the vocal tract. In Experiment B, all 45 productions gave the impression of

a complete oral tract obstruction.
Auditory criterion for word-medial /t/: Therefore, the impression of oral tract
obstruction was the common auditory feature among all native speakers and

served as the auditory criterion for L2 productions.

Acoustic features: With the exception of two productions, all native speaker realizations

evidenced the acoustic features of a stop closure, release burst, and positive voice onset
time.

Following the analyses, a third measurement representing the ratio of stop closure
duration to voice onset time (SCD:VOT ratio) was also calculated in an attempt to
provide a normalized temporal measure for the relationship between the two distinct
portions of the /t/ segment.*® Figure 5.7 shows a typical /t/ realization with a
characteristic stop closure duration, voice onset time duration and SCD:VOT ratio. A
production with uncharacteristically long SCD:VOT ratio is shown in Figure 5.8 while a
realization with a relatively short SCD:VOT ratio is found in Figure 5.9.

Table 5.5 provides a summary of measurements for /t/ prodﬁctions by experiment.
Native speaker productions in Experiment A yielded 82ms (22ms stdev) of stop closure
duration (SCD) compared with 86ms of SCD for Experiment B productions. Across both

experiments, average SCD was 84ms (18ms stdev) and ranged from 29-127ms.

3% The initial thought was to use the ratio range as a criterion in the re-evaluation of /t/ accuracy in the L2
productions; however, the native speaker ratio range was so great that it was not meaningful and raw VOT
range was used instead. See Section 6.2.2 for the application of the VOT criterion for /t/ accuracy.
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Regarding VOT, all productions evidenced positive values ranging from 9-41ms.
Productions in Experiment A averaged 22ms (7ms stdev) VOT and in Experiment B,
23ms (6ms stdev). Across all speakers, average VOT was 23ms (6ms stdev). The ratio
of SCD:VOT was similar for both groups as well. Values ranged from 0.7:1 to 13.6:1
with an average ratio of 4.2:1 (1.9 stdev).

An analysis of the measurement results by gender revealed slightly longer SCD
values for females over values for males in contrast to longer VOT values for males than
values for females. The SCD value for males averaged 76ms (16.4ms stdev) compared to
70ms (18ms stdev) for females. In regards to VOT, the average across all male
productions was 25ms (5.8ms stdev) in contrast to an average VOT for female
productions of 20ms (5ms stdev). SCD:VOT ratios for females varied slightly more than
values for males; the average ratio for males was 3.3:1 (stdev 1.3) while the average
ratios for females was 5.0:1 (2.0 stdev). See Table 5.6 for measurement results by

gender.

Acoustic criteria for word-medial /t/: A stop closure, release burst, and positive
voice onset time were the three acoustic features used as baselines for scoring
word-medial /t/>" Due to the difficulty of using acoustic measures to determine
dental versus alveolar place of articulation (Jongman and Blumstein 1985), place
of articulation was not used as a criterion. Hence, a score of “1” in this category
reflects an accurate /t/ production (in contrast to /d, r, r/) and does not reflect

range of positive voice onset time or place of articulation.

31 Although the durations of stop closures varied (29-127ms) as well as voice onset durations (9-41ms),
durational measurements were not initially included in the native speaker baselines for the medial /t/
category. Thus, an L2 realization of [t"] for the target /t/ was considered accurate as long as a contact was
auditorily present and the stop closure, release burst, and positive voice onset time were acoustically
visible. Even if a /t/ target was aspirated, it was still assumed to be a /t/ underlyingly and not a /d, , ¢/;
however, question 4 of this study addresses the inclusion of voice onset time as an accuracy criterion and
its effect on /t/ accuracy score rankings (see Section 5.2.3 for results).
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Table 5.5 Stop closure duration and voice onset time for native speaker productions of word-
medial [t] by experiment.

Word-medial /t/
Stop closure Voice .
duration onset time (S\%DTV:%-;
(SCD) (ms) | (VOT) (ms)

Exp. A average 82 22 4.3
native speaker stdev 22 7 25
productions min 29 9 07
(n=43) max 127 41 136
Exp. B average 86 23 4.1
native speaker stdev 15 6 14
productions min 54 14 1.9
(n=54) max 122 38 6.7

All native average 84 23 4.2
speaker stdev 18 6 1.9
productions min 29 9 0.7
(n=97) max 127 41 13.6

Table 5.6 Stop closure duration (SCD) and voice onset time (VOT) for native speaker
productions of word-medial [t] by gender.

Word-medial /t/
Stop closure Voice .
duration onset time (S\%)T\iq;
(SCD) (ms) | (VOT) (ms)

Male average 76 25 3.3
native speaker stdev 16.4 5.8 1.3
productions min 29 14 0.7
(n=43) max 102 41 6.4
Female average 90 20 5.0
native speaker stdev 18 5 2.0
productions min 47 9 1.9
(n=54) max 127 34 13.6
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Variability constant for word-medial /t/: The variability constant was determined
to be 98% based on the result that 97 out of 99 native speaker productions were

in agreement with the auditory and acoustic accuracy criteria.”’

5.1.3 Native speaker features of word-medial /r/

Auditory features: In Experiment A, 42 out of 45 native-speaker word-medial /t/

productions were characterized by the impression of a succession of rapid and complete
obstructions of the oral tract. In three instantiations, the signal did not demonstrate
multiple obstructions, but rather near constriction. In Experiment B, 52 out of 54

instantiations gave the impression of two or more obstructions of the vocal tract.

Auditory criterion for word-medial /r/: The impression of two or more
successive obstructions was identified as the auditory feature in common between
native speaker productions because productions varied between the impression of

being voiced/voiceless and number of obstruction.

Acoustic features: All medial trill productions were visually inspected from a 1s
window. Although not always present, a “W”-shaped intensity line often accompanied a
voiced trill production. In the case of a voiceless trill, a “U”-shaped intensity line was
typically evident. The dips in the intensity line corresponded to periods of less energy on
the waveform and spectrograms; peaks in the intensity line were consistent with periods
of greater energy. Almost all trills demonstrated two or more closures in the oral tract
(39/45 in Experiment A; 37/45 in Experiment B). In some tokens, as many as 4 closures
could be clearly identified. Some segments showed multiple closures in which the first
closure was voiced, while subsequent closures were voiceless as indicated by a rising-to-

falling intensity line. In some instantiations of voicelessness, closures did not appear as

32 Two tokens did not reveal a release burst.
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Figure 5.10 Waveform and spectrogram showing a typical native speaker production of word-
initial /r/. Token [apla rato ta] in Habla rato también, participant NS-F5, assigned
“2” (fully voiced) for voicing value and “3” for number of stripes.

’&?W@m ‘ 5?’%?!}?313
Waveform and spectrogram showing a native speaker production of word-initial /1/
realized with 6 stripes (i.e., closures). Token [se remo tambye] in Dice remo
también, participant NS-F2, assigned “2” for voicing value (fully voiced) and “6”
for number of stripes.

Figure 5.11
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Figure 5.12 Waveform and spectrogram showing a native speaker production of word-initial /r/
realized without voicing. Token [afla rato tamby] in Habla rato también,

participant NS-M4.

. o . . . L

Waveform and spectrogram showing a native speaker production of word-initial /r/
realized with partial voicing. Token [dise risa tambye] in Dice risa también,
participant NS-F3, assigned a voicing value of “1” (partially voiced) and “0” for
number of stripes.

Figure 5.‘13
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spikes on the waveform but rather as invisible “stripes” (i.e., the absence of glottal pulses
in the spectrogram). When used in this paper, “stripes” refers to the near absence of
visibility of 2 or more glottal pulses on the spectrogram. The typical production was
characterized by voicing throughout the segment with 2-3 stripes. See Figure 5.10 for a
typical word-medial /1/ production.

In terms of voicing, 81% of all tokens were given a value of “2” (fully voiced),
11% a value of “1” (partially voiced), and 8% were given the value “0” (voiceless). For
these voiceless productions 3 out of 8 showed no evidence of visible stripes while 5 out
of 8 demonstrated 1-3 stripes. Figure 5.11 shows a voiceless realization with 3 visible
stripes.

The presence of frication with the absence of any visible stripes was found in 8%
of all tokens, similar to production of some word-initial realizations. The majority of
these fricated instantiations (5 out of 8 tokens) evidenced complete voicing throughout
the segment as shown in Figure 5.12. In Figure 5.13, a realization characterized as
voiceless with no visible stripes is presented. 3% of all word-medial /1/ tokens showed
only 1 visible stripe. In sum, 89% of all word-medial productions evidenced 2 or more
stripes.

A durational measure was taken of each /r/ production by measuring from the first
closure to the onset of voicing in the following vowel. In Experiment A, productions
averaged 78ms (18.8 stdev) with a range of overall durations from 53-138ms.
Productions in Experiment B similarly averaged 74ms (15.9 stdev) from 52-113ms in
range. Across all native speaker productions of word-medial /t/, 76ms was the average
duration (17.4ms stdev). Regarding degree of voicing (in which tokens were assigned a
scores of 2, 1, or 0 as described above), averaging productions in each experiment
yielded a value of 1.7 (0.6 stdev). In terms of number of stripes, realizations in
Experiment A resulted in a value of 2.2 (1.1 stdev) while in Experiment B, average
number of stripes was 2.1 (0.6 stdev). Across all productions by both groups, 2.2 (0.8
stdev) was the average number of stripes with 2 as the most common number (i.e., the

mode). Table 5.7 details word-medial /r/ measurement values by experiment.
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Table 5.7 Measurement results of native speaker word-medial /1/ by experiment: Overall
duration, degree of voicing and number of stripes.

Word-medial /r/
Overall Degree of | Number of
duration (ms) voicing stripes
Exp. A average 78 1.7 2.2
native speaker stdev 18.8 0.6 1.1
productions min 53 0 0.0
(n=45) max 138 2 4.0
Exp. B average 74 1.7 2.1
native speaker stdev 15.9 0.6 0.6
productions min 52 0 0
(n=54) max 113 2 3
All native average 76 1.7 2.2
speaker stdev 17.4 0.6 0.8
productions min 52 0 0
(n=99) max 138 2 4
Table 5.8 Measurement results of native speaker word-medial /1/ by gender: Overall duration,

degree of voicing and number of stripes.

Word-medial /r/
Overall Degree of | Number of
duration (ms) voicing stripes
Male (n=5) average 75 2 2.1
native stdev 14.7 0.6 0.6
speaker min 52 0 0.0
productions
(n=45) max 113 2 3.0
Female (n=6) average 77 1.7 2.2
native stdev 19.4 0.6 1.0
speaker min 53 0 0
productions
(n=54) max 138 2 4
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Measurement values by gender yielded no apparent differences. Across all male
productions, overall duration demonstrated a range from 52-113ms with an average of
75ms (14.7ms stdev). For female productions, values ranged from 52-138ms, yielding
an average of 77ms (19.4ms stdev). Degree of voicing values for male productions
averaged 2 (0.6 stdev) while female productions averaged 1.7 (0.6 stdev). All male
productions demonstrated 2.2 stripes on average (1.1 stdev) in comparison to female
productions that averaged 2.2 stripes (1.0 stdev). In Table 5.8, the measurement results

of word-medial /1/ realizations are summarized by gender.
Acoustic criteria for word-medial /r/: Thus, based on these visual and temporal
features, a score of “1” (accurate) for L2 productions required two or more
stripes in the spectrogram and overall attenuation duration of at least 50ms.
Variability constant for word-medial /v/: 88 out of 99 productions evidenced the

auditory and acoustic features established for accuracy in this category.”® Thus,

89% was the variability constant determined for this category.

5.1.4 Native speaker features of word-initial /r/

Auditory features: In Experiment A, auditory impressions of voicing, frication, and

duration varied to some extent; however, in 42/45 instantiations, productions gave the
impression of two or more complete obstructions of the oral tract. In Experiment B,

50/54 productions gave the impression of two or more complete oral tract obstructions.

Auditory criterion for word-initial /v/: Hence, the impression of two or more
obstructions was selected as the common auditory feature among word-initial

trills and required for an accuracy score of “1” for this category.

33 Three tokens did not evidence any voicing while eight other tokens only demonstrated zero or one stripe.
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Acoustic features: Variation in the acoustic features of initial trills was similar to trill

productions word-medially. Visually inspected from a 1s window, 41 out of 45 trills
showed 2-5 closures as indicated by stripes in the spectrogram. In four tokens, signals
appeared with only one stripe followed by frication, or voiced frication throughout the
signal.

Native speaker productions of word-initial /r/ evidenced a range of voicing degree
and number of visible stripes on the spectrogram; however, the most typical realization
was characterized by voicing throughout the segment and 2-3 visible stripes on the
spectrogram. See Figure 5.14 for a typical waveform and spectrogram of a native
speaker word-initial /t/ production. Figure 5.15 shows an exceptionally long word-initial
/r/ realization with 6 visible stripes in the waveform.

Although 90% of realizations showed some degree of voicing within the segment,
10% were identified as voiceless; however, even in a voiceless production the appearance
of stripes was still possible. Figure 5.16 demonstrates a word-initial /r/ production that

was deemed voiceless yet given a value of “2” for the number of stripes.
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Figure 5.14 Waveform and spectrogram showin a native spéaker production of a typfcal word-
medial /t/. Token [dise pero tamby] in Dice perro también, participant NS-M1,
assigned a voicing value of “2” (fully voiced) and “2” for number of stripes.

voiceless

Figure 5.15 Waveform and spéctrogram showing a native speaker production of word-medial /1/
realized without voicing. Token [abla karo ta] in Habla carro también, participant
NS-M4, assigned a voicing value of “0” (voiceless) and “3” for number of stripes.
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L e voiced ~ o

Figure 5.16 Waveform and spectrogram showing a native speaker production of word-medial /1/
realized an assibilated variant. Token [dise ftufo tamb] in Dice churro también,
participant NS-F3, assigned a voicing value of “2” (fully voiced) and “0” for
number of stripes.

voiceless

Figure 5.17 Waveform and spectrogram showing a native speaker production of a word-medial
/t/. Token [dise ftufo ta] in Dice churro también, participant NS-F1, assigned a
voicing value of “0” (voiceless) and “0” for number of stripes.
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In 2 out of 99 productions, the realization was given a value “0” (voiceless) for voicing in
addition to “0” for number of stripes.

In terms of visible stripes, values ranged from 0-6 stripes with 3 as the most
common value. Across all productions, 10% did not evidence any stripes in the
spectrogram while 5% revealed only 1 stripe. For instantiations with fewer than 2 stripes,
frication was most commonly observed throughout the segment suggesting assibilated
variants of word-initial <r>. See Figure 5.17 for a word-initial /r/ production with
frication and partial voicing.

In terms of overall segment duration, segments averaged 88ms in length across
both experiments; however, the distribution of values was slightly larger in Experiment A
compared to the values in Experiment B (26.3ms stdev vs. 19.9ms stdev, respectively).

In Experiment A, values ranged from 49-173ms compared with 61-130ms in Experiment
B. Across all native speaker productions, word-initial /r/ averaged 88ms in duration
(22.9ms stdev).

Regarding voicing, all tokens were awarded a categorical voicing value of “0”
(voiceless), “1” (partially voiced), or “2” (fully voiced). In Experiment A, 1.7 was the
average voicing value (0.6 stdev) which was similar to Experiment B’s average voicing
value of 1.5 (0.7 stdev). Across all word-initial /t/ productions, 10% were identified as
voiceless, 22% as partially voiced, and 68% as voiced throughout the segment. In
regards to the number of visible stripes, productions in Experiment A yielded 2.7 stripes
on average (1.3 stdev) while Experiment B realizations averaged 2.3 stripes (1.1 stdev).
Across all native speaker productions, the number of stripes averaged 2.5 with a standard
deviation of 1.2. In terms of the most frequently occurring value across all productions, 3
was the mode value. See Table 5.9 for word-initial /r/ measurement values by
experiment. These findings are similar to those of studies of native trill productions (as
cited by Carballo and Mendoza 2000: Massone 1988, Mota 1990, Quilis 1981, Recasens
1991) who found the average duration of Spanish trills to be between 58.6ms and 103ms

with 1-2 apertures and 2-3 occlusions.
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Results by gender revealed slight differences between groups. Male word-initial /r/
productions averaged 81ms (19.8 stdev) compared with 94ms (23.9ms stdev) for female
productions. Degree of voicing yielded an average score of 1.7 (0.6 stdev) for male
productions vs. 1.5 (0.7 stdev) for female productions. For number of stripes, males
production values averaged 2.0 (1.0 stdev) in contrast to slightly more stripes for female
productions (2.8 average with 1.3 stdev). In

Table 5.10, overall duration, degree of voicing, and number of stripe values are

presented by gender.

Acoustic criteria for word-initial /r/: Based on the native speaker productions in
this study, the acoustic features used to score L2 realizations were two or more

stripes in an overall segment duration of at least 50ms.

Variability constant for word-initial /v/: A variability constant for each
experiment was calculated based on the different vowel environments
surrounding word-initial trills in both experiments. In Experiment A, 40 out of 44
tokens were consistent with the established criteria; 48 out of 54 were consistent
for Experiment B productions.” Thus, the variability constant for this category

was 91% and 86% for Experiment A and Experiment B, respectively.

3% In Experiment A, four tokens did not demonstrate any stripes. In Experiment B, six tokens showed zero
or one stripe, including two tokens that were voiceless.
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