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ABSTRACT 

This study examines the amount of tongue 

movement in the productions of native Spanish 

speakers and native English learners of Spanish for 

the Spanish diphthong/monophthong contrast /ei/-

/e/. We hypothesized that English learners would use 

their native English category /eɪ/ for both Spanish 

vowels. However, results show that against our 

prediction, for both Spanish vowels, learners 

produced less tongue movement than was expected 

if they used their L1 category. Instead, they 

produced both vowels as the monophthong /e/, 

effectively neutralizing the contrast in terms of 

tongue movement. 
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1. INTRODUCTION 

Vowel systems in Spanish and English are very 

different. Most dialects of Spanish have five 

monophthongs /i, e, a, o, u/, as well as a number of 

diphthongs including /ai, ia, au, oi, ei, ie, eu, ue/ 

[17]; see also [18], for a detailed overview of their 

characteristics. The American English vowel system 

is usually described as having three diphthongs /aɪ/, 

/aʊ/, and /ɔɪ/), two “phonetic diphthongs” (/eɪ/ and 

/oʷ/) as well as nine monophthongs [6], and thus 

unlike Spanish, no contrast between /e/ and /eɪ/. 

Diphthongs are characterized by substantial vowel 

inherent spectral changes (VISC) in formant 

structure, reflecting tongue movement. By contrast, 

monophthongs, while not completely lacking 

movement, display much smaller spectral changes 

[19]. 

The Spanish vowel system is usually thought to 

pose relatively few problems for English native 

speakers who learn Spanish as a second language 

(L2). An exception to this are the diphthongs, yet 

surprisingly little research has examined this area. A 

study that examined the acquisition of various 

diphthongs within and between words suggests that 

Spanish diphthongs that have no counterpart in 

English tend to be initially realized as a hiatus by 

American English learners of Spanish. However, no 

quantitative measurements of the vowels’ acoustic 

properties in learners’ speech were undertaken [16].  

Generally speaking, few studies have examined 

the acquisition of tongue movement in L2 learners, 

and most of them are directed at learners of English 

who need to acquire the phonetic diphthongs /eɪ/ and 

/ou/. In this paper, we focus on learners of Spanish, 

and on the contrast between the Spanish diphthong 

/ei/ and the Spanish monophthong /e/. This contrast 

is of specific interest because, unlike the other 

Spanish diphthongs, /ei/ might be confused with the 

English vowel /eɪ/, hence, possibly creating 

perception and production difficulties. We examine 

the production of 26 American English learners of 

Spanish and 9 Spanish native speakers, who 

produced both vowels in a delayed sentence 

repetition task. Their productions were acoustically 

measured to extract tongue movement scores, and 

compared to L2 productions of the Spanish contrast.  

2. BACKGROUND 

Studies of the acquisition of accurate tongue 

movement in L2 are rare. A representative one is 

Flege, Schirru and MacKay [9], who examined the 

production of English /eɪ/ (e.g. in ‘face’ [feɪs]) by 

Italian-English bilinguals, showing that late 

bilinguals produced less tongue movement than 

native speakers, likely because they were initially 

using their Italian monophthongal category /e/; by 

contrast, early bilinguals produced more tongue 

movement for English /eɪ/ compared to native 

English speakers. 

Several perception studies have noted the 

similarity of the English /eɪ/ to diphthongs, such as 

the Italian /ei/ [10] as well as the Spanish /ei/ [12, 

18]. In [10] for example, just one of four groups of 

Italian–English bilinguals examined (early bilinguals 

who seldom used Italian) were able to discriminate 

Italian /ei/ from English /eɪ/ tokens at a significantly 

above-chance rate (A′ = 0.69). The native English 

listeners who did not know Italian discriminated the 

contrast with a mean A′ score of 0.67. This relatively 

low sensitivity level, despite being above chance, is 

the lowest A′ score obtained by the native English 

speakers out of all contrasts tested, where it is 

usually around 0.90.  

Acoustically, the Spanish diphthong /ei/ is 

relatively similar to the English vowel /eɪ/, which is 

usually realized as a phonetic diphthong with 



substantial tongue movement across English 

varieties [13, 19], including the Midland variety 

(Indiana/Ohio) spoken by the participants in this 

study (see [6]). However, compared to English /eɪ/, 

Spanish /ei/ is longer and has greater VISC [18].  

A study using multi-dimensional scaling [12] 

evaluated the perceptual similarity of Spanish and 

English vowels, and observed that for less proficient 

Spanish learners of English, both the Spanish 

monophthong /e/ and the English /eɪ/ were perceived 

as relatively similar. In addition, perceptual 

assimilation data from a related language, Catalan, 

have shown that across English varieties, English /eɪ/ 

is consistently mapped onto Catalan /ei/, and less 

often also onto Catalan /e/ [4]. In [5], Canadian 

English (CE) listeners identified Catalan vowels. 

Whereas Catalan /ei/ was consistently identified as 

CE /eɪ/ (95%), Catalan /e/ was identified as CE /eɪ/ 

16% of the time, with a moderate goodness rating 

(3.4 out of 7). A similar pattern might therefore 

apply to English learners of Spanish, who might 

perceive both Spanish /e/ and /ei/ as relatively 

similar to their native English vowel /eɪ/, but /ei/ 

more so than /e/. This in turn might also result in 

difficulty producing Spanish /e/ vs. /ei/ (e.g., pena 

[pena] “shame”, vs. peina [pei̯na] “(he) combs”), 

perhaps using /eɪ/ to realize both vowels. 

To our knowledge, only one study [18] has 

examined how English learners of Spanish (n = 26) 

perceive this contrast (through perceptual 

assimilation) and how they produce it. Their 

production accuracy of L2-Spanish vowels was 

assessed via classification of individual vowels 

tokens by a canonical discriminant function analysis 

(CDFA) model trained on L1-Spanish speakers’ L1-

Spanish productions. Based on the SLM [8] and 

taking into account the acoustic similarity between 

English /eɪ/ and Spanish /ei/ in terms of F1, F2, 

VISC and duration, Morrison [18] predicted that 

Spanish /ei/ would initially be perceived (and 

produced) using their English vowel category /eɪ/. 

The perceptual confusion matrix (p. 75) showed that 

Spanish /ei/ was indeed mapped onto English /eɪ/ 

(76.9%), as well as onto /i/ (23.1%); Spanish /e/ was 

more ambiguous, being mapped onto English /ɪ/, /ɛ/ 

and /eɪ/ (13.3%, 42.2% and 44.4% respectively). The 

learners’ productions were then categorized by the 

CDFA model and resulted in some mis-

classifications: The most common one involved 

classifying Spanish /ei/ as Spanish /e/. In addition, 

for 4 speakers overall, there were instances of 

misclassification of Spanish /e/ as /ei/. These results 

suggest perceptual difficulties with this contrast and 

are strongly indicative of difficulties in learners' 

ability to produce the appropriate tongue movement 

in distinguishing the diphthong/monophthong 

contrast. 

However, no statistical comparison of the 

specific amount of tongue movement was conducted 

for the diphthong vs. the monophthong, even though 

the results indicate that L2 learners might be 

producing little tongue movement for the diphthong. 

To start filling this gap, we examined tongue 

movement in 26 L2-Spanish learners’ productions of 

the /ei/-/e/ contrast.  

2.1. Predictions 

For L2-Spanish learners, the perception and 

production of the non-native /ei/-/e/ contrast was 

hypothesized to be difficult based on perceptual 

mapping data [18]. We follow this initial hypothesis 

that L2 learners of Spanish would mainly use their 

English vowel category /eɪ/ for realizing both /ei/ 

and /e/ in Spanish (see also [24], for a similar 

hypothesis). 

Specifically, we predicted that both the 

monophthong /e/ and the diphthong /ei/ would be 

produced similarly, more specifically like a long, 

diphthongized vowel similar to English /eɪ/ (i.e. both 

[pena] “shame”, and peina [pei̯na] “(he) combs” 

would be produced as [peɪna]). That is, compared to 

native speakers’, we expected that L2 learners’ 

monophthongs would display more tongue 

movement and be longer. Conversely, their 

diphthongs were expected to display less tongue 

movement, and be shorter.  

2.2. Vowel inherent spectral change measurements 

To estimate spectral change in vowels, sampling of 

formants at two locations near vowel onset and 

offset (i.e., 20%–80% or 20%–70%) or three 

locations including the vowel midpoint (the 50% 

point) has been commonly used in acoustic studies 

(e.g. [7, 9, 12, 14, 15, 18, 19]). Yet, a denser 

multiple sampling at four [11], five [13],  nine [1], or 

16 equidistant points [23], or also in 25 ms intervals 

(number depending on vowel duration, [21]) has 

also been done to estimate VISC in order to obtain 

more (dialect-specific) information about formant 

trajectory and timing.  

Since the specific rate of change or the formant 

trajectory variability are not of direct relevance to 

the question at hand, we used three measurement 

points to estimate formant frequencies (F1 and F2) 

in the present study. This is expected to provide a 

sufficient estimation of the amount of tongue 

movement.  



3. METHOD 

3.1. Participants 

A group of L1-English learners of Spanish (n = 26; 

22 females; tested in Bloomington, Indiana, USA; 

mean age = 19.8, SD = 1.0) and nine L1-Spanish 

native speakers as controls (4 females; from Seville, 

Spain; mean age = 26.4, SD = 9.8) participated in 

exchange for a small payment. Table 1 presents the 

descriptive statistics for the main background 

variables about the L2 learners. 

 
Table 1: Summary of demographic variables 

collected for L2 learners. 

 Measure N Mean SD Min. Max. 

Motivation  23 7.29 .95 5.33 8.78 

Current L2 use (max. 

36) 
26 8.00 6.90 0 28 

Self-evaluation  23 3.97 .61 3.0 5.0 

LoR abroad (in weeks) 26 9.34 24.55 0 110 

Years of study 26 7.81 3.92 0 15 

Age of First Exposure 

to L2 
23 8.48 4.14 1 14 

Age of First Use of L2 23 10.70 3.78 3 15 

Note. LoR = Length of residence in L2-speaking country. 

Variable Ns are due to missing data from questionnaires 

 

A motivation score was obtained by averaging each 

participant’s ratings on nine items about their desire 

to learn Spanish (rated on a 9-point Likert scale: 

1=strongly agree; 9=strongly disagree). Current L2 

use was a score (between 0 and 36) obtained by 

adding up participants’ selected level of intensity of 

L2 use (0=0%; 1=1-25%; 2=26-50%; 3=51-75%; 

4=76-100%) on nine contexts of language use (e.g., 

with friends, at home/work, media). L2 self-

evaluation was a self-reported estimation of 

participants’ ability to speak spontaneously, 

understand, read and write the L2, using the 

following descriptions (recoded as numeric score): 

very poorly (= 1); poorly (= 2); passably (= 3); well 

(= 4); very well (= 5). A mean self-evaluation score 

was obtained by averaging the four scores of each 

participant. 

Participants were tested as part of a larger project 

that included cognitive measures not reported here1, 

and all passed a pure-tone audiometry test at octave 

frequencies between 500 and 8000 Hz at 20 dB HL 

[20]. The order of tasks was the same for all 

participants with slight adjustments (e.g., only the 

L2 learners participated in L2 vocabulary tasks). 

3.2. Stimuli and procedure 

Each participant took part in a delayed sentence 

repetition task [22], either in L2 in the case of 

learners, or in L1 in the case of the controls. The 

participants sat in a sound-isolated recording booth 

equipped with headphones and a computer screen. 

They heard a question (prompt, voice 1), followed 

after 250 ms by an answer (response, voice 2). After 

a 500 ms delay, the prompt was presented again, and 

the participants had to repeat aloud the response 

heard previously. The written sentences appeared on 

the screen together with the first auditory 

presentation of the prompt/response pair, and 

disappeared for the second presentation of the 

prompt, and the recording of the answer. All L2 

learners received instructions in English, and 

completed a warm-up prompt in English before 

moving on to Spanish. Native speakers completed 

the set in Spanish. The /ei/-/e/ contrast was 

examined together with a consonantal contrast (/d/-

/ɾ/) not reported here; both contrasts were also 

examined in perception. There were four pairs of 

words to implement this contrast (Table 2). The task 

took about five minutes to complete. 

 
Table 2: Sentences (responses) used to elicit the 

contrast, with English gloss. 

Sí, vale la pena ir. Yes, it’s worth going. 

Cuando se peina el pelo sí. When he combs his hair, yes. 

Creo que el reno es más 

grande. 

I think the reindeer is 

bigger. 

Se llama “el reino de los 

cielos”. 

It’s called “the kingdom of 

the skies.” 

Si quieres vente conmigo. If you want, come with me. 

Tengo veinte años y dos 

meses. 

I’m twenty years and two 

months old. 

Es la maceta que se ha 

roto. 

It’s the flowerpot that fell 

and broke. 

Un buen aceite de oliva. A good olive oil. 

3.3. Acoustic analysis 

Three measurement points (MP) were placed 20%, 

50% and 80% into the vowels, and the mean values 

for F1, F2, and F0 were extracted from a 10ms 

window centered at the three MPs. These frequency 

measures were first converted to Bark, and then a 

Bark-distance metric was applied subtracting B0 

from B1 (B1-B0) for tongue height and B1 from B2 

(B2-B1) for degree of tongue fronting, where B 

stands for Bark-converted frequency (Hz) values [2, 

3]. We measured the amount of tongue movement in 

the vowel by computing the Euclidean distance 

between the 20% and the 50% MPs and between the 

50% and the 80% MPs. Then we added up the two 

Euclidean distances and used this spectral distance 



score as a measure of tongue movement, as 

represented on the Bark-normalized vowel space. 

We also assessed whether the duration ratio of 

monophthongs to diphthongs were comparable 

across speaker groups. 

4. RESULTS 

In terms of vowel duration, diphthongs were 

produced with significantly longer durations than 

monophthongs by both L2-Spanish learners (t(25) = 

6.27, p < 0.001) and native controls (t(8) = 8.21, p < 

0.001). The duration ratio (diphthong/monophthong) 

was significantly larger for native speakers than it 

was for L2 learners (t(33) = -3.04, p = 0.005; see 

Table 3).  

 
Table 3: Overview of measurements for vowels 

and consonants for L2-Spanish learners and native 

controls (SD in parentheses). 

L1 Vowel Duration 

(ms) 

Duration 

ratio 

(ms) 

Tongue 

movement 

(Bark) 

English 

(n=26) 

/ei/ 116 (15) 1.19 (0.15)  1.22 (0.55) 

/e/ 99 (16)  0.97 (0.49) 

Spanish 

(n=9) 

/ei/ 113 (13) 1.36 (0.14)  2.95 (0.71) 

/e/ 83 (7)  1.01 (0.27) 

 

The two groups also differed in the amount of 

tongue movement during vowel production. L2-

Spanish learners were found to produce the Spanish 

diphthong /ei/ with much less tongue movement than 

native controls did, as shown in Figure 1. However, 

contrary to our predictions, L2-Spanish learners did 

not produce the Spanish monophthong /e/ as an 

English-like diphthongized vowel. Instead, the L2 

learners produced both vowels as a monophthongal 

/e/, but distinguished them through duration. 

 
Figure 1: Amount of tongue movement in Spanish 

/e/ (monophthong) and /ei/ (diphthong). 

 

 
An ANOVA with vowel (monophthong, diphthong) 

as a within-subjects factor and group (L2 learner, 

native speaker) as a between-subjects factor revealed 

main effects of vowel (F(1,33) = 56.91, p < 0.001, η2 

= .63) and group (F(1,33) = 40.83, p < 0.001, η2 = 

.55), and a significant vowel x group interaction 

(F(1,33) = 39.11, p < 0.001, η2 = .54). The 

interaction indicates that while the groups did not 

differ in the amount of tongue movement for /e/, 

native controls produced significantly larger tongue 

movement for /ei/ (M = 2.95, min. = 2.14, max. = 

4.13) than L2-Spanish learners did (M = 1.22, min. = 

0.24, max. = 2.36), t(33) = -7.56, p < 0.001.  

A two-tailed paired t-test confirmed that the 

learners did not produce a significant difference in 

tongue movement between the /e/ (M = .97) and /ei/ 

(M = 1.22; t(25) = 1.76, p > 0.05). 

5. DISCUSSION AND CONCLUSIONS 

We found that the L1-English learners of Spanish 

did not make a clear difference in the amount of 

tongue movement to distinguish between 

monophthong /e/ and the diphthong /ei/ in Spanish. 

Against our prediction however, they did not 

maintain an intermediate amount of tongue 

movement: rather, they realized both vowels with 

relatively little movement which rendered them very 

similar to Spanish monophthongs, thus resulting in 

the partial neutralization of this contrast, since only 

duration differentiates both vowels in learners’ 

speech.  

Hence, the hypothesis (see also [18]) that English 

learners of Spanish use their English /eɪ/ category to 

realize the Spanish /ei/ (and /e/) was not supported. 

It appears that learners have merged the contrast in 

production and use the Spanish monophthong 

category for both. Of course, this finding needs to be 

compared with L1 tongue movement data for their 

English /eɪ/ before being able to conclude that they 

are not using their L1 /eɪ/ category but rather the L2 

/e/ category with a duration distinction. 

Several reasons might explain the use of the L2 

category. First, the frequency of the contrast and its 

functional load might play a role: words containing 

/ei/ are less frequent than those containing /e/. 

Hence, perceptual learning might favor the use of 

monophthongal categories first, while allowing 

learners to differentiate the two using duration. A 

second possibility could be a perceptual problem. 

Data not reported here suggest that for L2 learners of 

Spanish, distinguishing the contrast is difficult in the 

first place. We found an error rate of 17.6% on this 

contrast, which is significantly higher than for the 

native controls (10.1%). In the current experiment, 

participants had to rely mainly on an accurate 

perception of the vowel in the word, in order to 

reproduce it correctly – since orthography was not 

used while they were producing it.  



Finally, an important implication of these 

findings is that predictions based on acoustic 

similarity and perceptual assimilation data may not 

be fully able to predict the extent to which an L1 

category will be used in L2 speech. More research is 

needed to understand the additional factors that 

underlie the present findings.  
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