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ABSTRACT

This paper begins by discussing the relationship between recent
research in second language speech acquisition and the
acquisition of Spanish, including notions of phonetic accuracy
(the collective weight of multiple attempts at a given sound) and
phonetic precision (similarity of multiple attempts at a given
sound). It then describes a cross-sectional study of 70 adult
English-speaking learners of Spanish at four different levels of
acquisition that was conducted to gather data on the acquisition
of the Spanish vowel system. The results of the study suggest
that: (a) learners exhibit a definable acquisitional continuum in
their target language output, (b) successful production of the high
front and high back vowels is evident earlier than with other
vowels, and (c) performance differences in output between
stressed syllables and unstressed syllables are found to occur,
particularly in earlier stages of acquisition.

1. INTRODUCTION
This paper describes the adult acquisition of L2 Spanish vowels
among learners at four distinct levels of attainment. The research
methodology employed in this study combines an instrumental
acoustic analysis with a cross-sectional design to examine
learners representative of the entire range of adult acquisition of
L2 Spanish.

A substantial research focus in recent years on second
language (L2) acquisition in general, and speech acquisition in
particular, has led to the development of a variety of models and
hypotheses regarding the nature of the acquisition of second
language sound systems. Among these are Wode’s
Developmental Model [9], which proposes that human speech
perception develops from the auditory system and is conditioned
by two important properties, namely categorical perception and
continuous perception. Flege’s Speech Learning Model [2]
presents a set of postulates and hypotheses that are concerned
with the ultimate attainment of L2 pronunciation. It claims that
learners of an L2 must create accurate perceptual ‘targets’ to
guide them in the production of L2 sounds, failure to do so will
result in inaccurately produced targets.

Despite the fact that there are a number of recent studies that
specifically examine various features of L2 Spanish speech
acquisition [1, 3, 7], there is a significant gap in the literature that
this paper proposes to fill, namely, the lack of a cross-sectional
description of the acquisition of the Spanish vowel system by
U.S. adult university learners of L2 Spanish.

The Spanish vowel system is characterized by five
phonemic vowels. Although there is variation among individual
speakers and between dialects, vowels within the system
generally do not vary to the extent that they would intrude on the
perceptual space of another vowel. For English speakers learning
Spanish, the obstacle is that the five Spanish vowels, /u/, /o/, /a/,
/e/, and /i/, have counterparts in English that can be described as

similar but not always identical to English vowels, making
transfer likely to occur. Given the tendency to produce the mid
central vowel (‘schwa’) in unstressed syllables in Standard
American English, L1 transfer will often result in missing a
vowel’s perceptual space completely.

1.1. Phonetic Accuracy and Phonetic Precision
Given that physiological differences exist among individuals, not
every speaker will produce sounds of exactly the same phonetic
quality as those of other speakers. Similarly, even attempts to
produce the same sound on multiple occasions by the same
speaker will show some degree of variation. Consequently, the
speakers’ task is twofold: (1) To make sounds acoustically
similar enough to those of others in the same speech community;
and (2) to do so consistently enough to not deviate from the range
of native speaker production for any given sound. Therefore, this
evaluation of learner acquisition of L2 phonetic detail includes
discussion of two variables: (a) phonetic accuracy; and (b)
phonetic precision. The first of these, phonetic accuracy,
expresses the proximity of learners’ production attempts to the
target, which is defined as the acoustic norm for a given speech
community. The other key ability, phonetic precision, expresses
the precision of learners’ production attempts vis-a-vis their own
production attempts at the same target sound. Thus, phonetic
accuracy describes the closeness of a given attempt to the target,
phonetic precision indicates the closeness of a series of attempts
at the same target to each other. This relationship can also be
seen as the confluence of performance ability (accuracy) and
performance variability (precision). The automatized mastery of
these both allows the speaker to avoid phonetic ambiguity.

In the case of English learners of Spanish vowels, the
centers of the acoustic targets of the English and Spanish vowels
are similar [5, 6] but occur in a narrower perceptual space in
Spanish than in English, particularly when the latter occur in
unstressed syllables.1 Thus, although the entire range of variation
for a native speaker’s production of an unstressed vowel may
occupy only 3% of the entire vowel space, a learner might spread
vowel attempts over as much as 37% of the vowel space.2 The
mean values of a group of learners’ vowel attempts could still
suggest accuracy by centering at or near the same mean value as
that of the native speakers, but if the learners lack precision, most
attempts would fall outside the native speaker range for the
targeted vowel.

2. THE STUDY
2.1. Participants
Participants in this study included five native Spanish speakers
and 70 native English speakers. At the time of data collection, all
75 participants were affiliated with Baylor University in Waco,
Texas, either as students enrolled in Spanish courses or as
Spanish instructional faculty.
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The native Spanish speakers in the study are Spanish
instructional faculty at the aforementioned university, and all are
also fluent speakers of English. The five Spanish speakers speak
varieties of Spanish from Mexico, Spain, Colombia, and Chile.

The native English speakers in this study include 21 male
and 49 female university students and faculty. Only participants
who reported not being of Hispanic origin and who reported no
significant exposure to Spanish in the home or community prior
to age 12 were included in the study.

The group of native English speakers is divided into four
levels. Placement into the given level is based on each
participant’s enrollment in a Spanish course or on their status as
Spanish instructional faculty at the time of data collection. The
first level, beginning learners, is made up of 20 participants who
were enrolled for credit in first semester Spanish language
courses. Level 2, intermediate learners, consists of 20 participants
who were enrolled for credit in third semester university Spanish
language courses. Twenty students enrolled in upper-division or
graduate level courses in Spanish language or literature comprise
the third level. Finally, the fourth level consists of ten native
speakers of English who were full-time instructional faculty
teaching university courses in Spanish language, literature, or
culture and who otherwise met the criteria for inclusion in the
study.

2.2. Data Collection
Two different data elicitation protocols were employed to elicit
speech data. The first of these was a list of ten Spanish words or
phrases embedded in the carrier phrase “digo _____ esta vez”. In
the second protocol, participants were sequentially shown 11
picture cards, each with a drawing of a relatively common object
that the participants were to identify in Spanish. The purpose of
using data taken from two different protocols is to reduce learner
reliance on orthographic representations while still ensuring a
reasonably standard set of speech tokens from each participant.

Participants spoke directly into a unidirectional microphone
positioned on a studio tripod stand approximately 12” in front of
their mouth. The resulting signal fed directly into the audio input
port of a Macintosh desktop computer running the Signalyze (ver.
3.12) speech analysis software program, which digitized the
audio signal at 11 kHz.

Vocalic measurements were taken equally from each testing
condition, except in cases where the vocalic segments under
analysis were not attempted in a given task. All five Spanish
vowels were measured in two contexts, namely, in stressed and
unstressed syllables. In total, 20 vowel measurements per
participant were taken, 10 in stressed syllables and 10 in
unstressed syllables. The FFT analysis window was set at 8 ms
for male speakers and 5 ms for female speakers, and a spectrum
generated at the approximate temporal midpoint of the vowel.
Whole-number measurements, in Hertz, were taken at the peaks
of the first and second formant frequencies.

3. RESULTS
3.1. Minimum/maximum ratios
All F1 and F2-F1 measurements taken from each learner’s
reading task data and picture identification task data were
averaged and the mean values recorded. The vowel data that are
reported here reflect mean values for each participant.

Tables 1, 2, 3, 4, and 5 show the minimum/maximum ratios
for each level in stressed and unstressed contexts. These ratios
express the relationship between the highest learner mean value

and the lowest learner mean value in each level, and are defined
as the quotient of the minimum mean value over the maximum
mean value in each group. Consequently, the ratio is an indicator
of the degree of internal consistency and precision within a given
group of learners. As an example, if the mean F1 values of
attempts at a vowel for a group of five learners were 523 Hz, 534
Hz, 545 Hz, 556 Hz, and 567 Hz, the minimum value is 523 Hz
and the maximum is 567 Hz. Thus, the ratio is 523/567, or .92.
To interpret the results, it is useful to keep in mind that this ratio
correlates positively with consistency and precision. Thus, the
closer the ratio is to 1, the greater the degree of consistency and
precision suggested by the data.

/u/ ratios Lv 1 Lv 2 Lv 3 Lv 4 N Sp
F1 (str) .62 .67 .72 .72 .78
F1 (un) .66 .66 .65 .75 .80
F2-F1 (str) .55 .59 .67 .76 .81
F2-F1 (un) .43 .53 .51 .78 .76

Table 1. Within-group minimum/maximum ratios, /u/.

/o/ ratios Lv 1 Lv 2 Lv 3 Lv 4 N Sp
F1 (str) .66 .64 .78 .81 .86
F1 (un) .51 .52 .64 .76 .79
F2-F1 (str) .61 .62 .63 .76 .82
F2-F1 (un) .42 .50 .48 .73 .80

Table 2. Within-group minimum/maximum ratios, /o/.

/a/ ratios Lv 1 Lv 2 Lv 3 Lv 4 N Sp
F1 (str) .67 .64 .67 .61 .74
F1 (un) .51 .49 .49 .53 .68
F2-F1 (str) .62 .62 .76 .74 .77
F2-F1 (un) .46 .43 .61 .72 .76

Table 3. Within-group minimum/maximum ratios, /a/.

/e/ ratios Lv 1 Lv 2 Lv 3 Lv 4 N Sp
F1 (str) .66 .75 .70 .77 .86
F1 (un) .50 .51 .55 .72 .72
F2-F1 (str) .56 .55 .66 .68 .84
F2-F1 (un) .48 .53 .58 .63 .71

Table 4. Within-group minimum/maximum ratios, /e/.

/i/ ratios Lv 1 Lv 2 Lv 3 Lv 4 N Sp
F1 (str) .67 .70 .67 .76 .73
F1 (un) .69 .66 .64 .73 .68
F2-F1 (str) .76 .75 .83 .89 .87
F2-F1 (un) .62 .59 .77 .83 .79

Table 5. Within-group minimum/maximum ratios, /i/.

4. DISCUSSION
4.1. Accuracy
For each level, production accuracy for each vowel is determined
on a yes/no basis according to whether the mean value for a given
level lies within the coordinates that enclose the range of
variation for the same vowel among the native speakers’ speech
samples. If both the x and y coordinates (representing F1 and F2-
F1, respectively) of the mean value for a given level’s production
of a vowel fall somewhere within the vowel space occupied by
native speakers’ production of that same vowel, that level’s
production of the vowel is judged as being accurate. If either the
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F1 mean or the F2-F1 mean falls outside the native speaker
range, that level is judged to have an inaccurate production of the
vowel.

Since the native speakers’ production of all vowels is used
as the benchmark for accuracy in this study, native speaker
production is uniformly accurate by definition. As for the
learners, in stressed contexts all levels produced the vowels
accurately. With unstressed vowels, however, there were four
cases of each level’s mean being outside the native speaker
range, these being the attempts by Level 1 and Level 2 to produce
the mid vowels /o/ and /e/. The learners in Levels 1 and 2 are
likely to have erred with their representation of the /e/ and /o/
targets because of two reasons. First, the acoustic dimensions of
the native speaker vowel spaces are quite small, making them
difficult targets. Second, given that many learner attempts to
produce unstressed /e/ and /o/ resulted in a schwa, the cumulative
effect may have moved the group means toward the center of the
vowel space and out of the native speaker ranges.

4.2. Precision
Whereas accuracy is assessed simply as ‘accurate’ or
‘inaccurate’,3 precision is determined for each level by
establishing a precision index for production of each vowel in
stressed and unstressed contexts. Following Reeder [8], the
precision index is defined for each of the 50 vowel/level
combinations as the product of the F1 minimum/maximum ratio
and the F2-F1 minimum/maximum ratio. Tables 6 and 7 show the
precision indices for each level and stress context.

str Lv 1 Lv 2 Lv 3 Lv 4 N Sp
/u/ .36 .40 .44 .57 .65
/o/ .40 .40 .49 .62 .71
/a/ .42 .40 .51 .45 .57
/e/ .37 .41 .46 .52 .72
/i/ .51 .53 .56 .68 .64

Table 6. Precision indices for stressed vowels.

unstr Lv 1 Lv 2 Lv 3 Lv 4 N Sp
/u/ .28 .35 .33 .59 .61
/o/ .21 .26 .61 .55 .63
/a/ .23 .21 .30 .38 .52
/e/ .24 .27 .62 .45 .51
/i/ .43 .40 .49 .61 .54

Table 7. Precision indices for unstressed vowels.

In both stressed and unstressed contexts, Tables 6 and 7
show that the precision indices generally improve from one level
to the next. This improvement is indicative of a consistent,
definable narrowing of the learners’ assigned vowel space for
each vowel resulting from improved control over the motor skills
used to produce each vowel.

The more marked improvement with learner production of
unstressed vowels shown in Table 7 supports the Developmental
Model and the Speech Learning Model. Given that stressed
vowels in Spanish have English counterparts but that unstressed
vowels in English are different in Spanish yet similar enough to
cause learners to transfer them, the above models predict that
beginning learners will transfer L1 English vowels into L2
Spanish. This transfer should result in a generally accurate vowel
system for stressed vowels but an inaccurate, imprecise system

for unstressed vowels. As shown in the data, this is, in fact, what
happens. Progressing along the acquisition continuum, the two
models both predict that learners will notice a divergence
between their own production and the target language norms and
then either create a new perceptual category or alter existing
categories.

Learner vowel production in stressed syllables appears
universally uniform with the exception of the /i/, which has
notably higher precision indices. The higher precision associated
with the /i/ may be attributed to its location at the extremity of the
usable vowel space, where speakers are able to aim simply for the
highest, most forward vowel that they can articulate.

In unstressed syllables, overall vowel precision appears
inversely related to vowel height. The inverse relationship
between vowel height and the precision indices shown for
unstressed syllables may be explained by the location of the two
high vowels /u/ and /i/ in the extremities of the vowel space in
terms of vowel height and degree of backness.  This allows
speakers to simply target and produce the highest, most forward
or backward vowel that they can. Consequently, the speakers’
attempts are automatically restricted articulatorily by the
maximum height and degree of frontness or backness in the
vowel space, and can only vary downward or inward. At the
opposite extreme, however, the /a/ vowel can easily vary in many
directions; higher, frontward, backward, or any combination
thereof. Since the potential for variation increases as the vowels
lower, the less carefully articulated unstressed vowels tend to
exhibit more variation with low vowels than with high ones.

With the assumption that a learner’s production of a Spanish
vowel can be considered native-like if it demonstrates both
native-like accuracy and precision, the beginning, intermediate,
and advanced learners in Levels 1, 2, and 3 have not acquired
native-like pronunciation in both stress contexts with any of the
vowels, although the Level 3 learners’ production of /o/ and /i/
closely approaches native-like levels. The very advanced learners
in Level 4 are the only participants to have acquired native-like
values for any of the vowels in both stressed and unstressed
contexts, and even among them successful acquisition is
observed only for /u/, /o/, and /i/.

4.3. Conclusions.
Among the findings on the acquisition of L2 Spanish vowel
production, it was discovered that beginning and intermediate
learners cannot be characterized as having fully acquired any of
the Spanish vowels. Advanced learners, however,
characteristically achieved native-like production with /i/, and
very advanced learners had native-like /u/, /o/, and /i/. The data
also suggest that the position of a vowel in the vowel space
affects learner performance in unstressed vowels, with the
acquisition of the high vowels and, to a lesser extent, mid vowels
being facilitated for English-speaking learners of L2 Spanish.
Finally, the use of the Speech Learning Model and the
Developmental Model as predictors of L2 vowel acquisition is
supported for the learner population described herein.

NOTES
1. The English ‘schwa’ may exhibit variation of as much as 500 Hz along
the F1 and 1000 Hz along the F2 [5].
2. The hypothetical ‘available vowel space’ is defined as the quadrilateral
containing all mean vowel values produced by all participants in the study
described here. It has the coordinates [(2186,1049), (464,1049),
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(2186,254), (464,254)], where 2186 and 464 are, respectively, the
absolute highest and lowest mean F2-F1 values and 1049 and 254 are the
absolute highest and lowest mean F1 values obtained for all vowels in all
contexts. This quadrilateral, which encloses the mean vowel points for
every vowel spoken by every participant in the study, measures 1722 Hz
along the F2-F1 axis and 795 Hz along the F1 axis for a total area of
1.37(106) Hz2. The space occupied by the /o/ produced by native speakers
in stressed contexts is the smallest area among the 50 possible
vowel/level/context combinations at 8.94(103) Hz2 (3% of the total
available vowel space), the largest of these, from /a/ attempts by
intermediate learners in unstressed contexts, occupies an area of 3.62(105)
Hz2. Such a lack of precision results in a large area of overlap common to
four vowels, /e/, /a/, /o/, and /u/, present in the mid central area. This area
of ambiguity occupies an area of 5.54(104) Hz2, larger than the entire
vowel space used by any of the native speakers’ vowels. Such a large area
is significant because a vowel with acoustic correlates falling anywhere
within the area of ambiguity, for example, a typical schwa with an F1 of
470 Hz and an F2-F1 of 940 Hz, could represent a learners attempt to
produce any vowel except /i/.
3. Within or outside native speaker acoustic parameters, respectively.
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