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Background: This study uses Ultrasound Tongue Imaging and 
videos of lip rounding to investigate the how Spanish speakers 
transfer L1 phone categories in non-native productions of French 
vowels, which has implications for the representation of vowel 
categories. Theories of non-native speech perception and 
production have highlighted how a speaker’s L1 phonetic 
categories shape non-native productions (Flege, 1987; Flege, 
2005; Best et al., 2001). Acoustic data has shown that L1 speakers 
will use L1 categories in L2 productions if the two phones are 
perceived as similar (Flege, 1987). However, little work has used 
articulatory data to investigate whether gestures are transferred 
from an L1 to a non-native language. Theories such as 
Articulatory Phonology (Browman and Goldstein, 1992) and The 
Perceptual Assimilation Model (Best et al., 2001) suggest that it 
is the articulatory gesture, rather than the acoustic-phonetic 
category, that is the basic phonological unit. These theories thus 
predict that non-native speech production will depend on how 
non-native gestures are mapped to L1 gestures. The present study 
investigates how L1 Spanish speakers produce the “similar” 
French vowels /i/ and /u/, and the “new” French vowel /y/. Under 
the assumption that the articulatory gesture is the basic 
phonological unit, it can be hypothesized that speakers will reuse 
L1 articulatory gesture to produce both new and similar non-
native phones.  

 
Methods: 6 L1 Spanish speakers (SP1-SP6) completed a 
production task.  All speakers were self-reported native Spanish 
speakers and reported no prior exposure to French. 2 speakers 
were male (SP3, SP6), and 4 speakers were female. 
In the production task, participants repeated two wordlists. The 
first wordlist contained 24 disyllabic words in Spanish, with the 
target vowel (/i, u/) in the first syllable. The second wordlist 
contained 36 nonce disyllabic French words, with the target 
vowel (/i, u, y/) in the first syllable. This totals in 12 tokens for 
each vowel. All words were controlled for phonetic context.   
The wordlists were presented auditorily. The stimuli for the 
Spanish wordlist was produced by an L1 Spanish speaker from 
Mexico. The French wordlist was produced by an L1 French 
speaker from Northern France. The word tokens were presented 
in isolation in AAA (Articulate Instruments Ltd.). Participants 
wore in-ear headphones. 
Acoustic recordings were made using a Marantz PMD661 
recorder and a headset microphone. Participants word a head-
stabilizing headset attached to an ultrasound probe, placed below 
participants’ jaws to record a midsagittal section of tongue 
position, and a video camera to capture lip protrusion. All 
recordings were made in AAA (Articulate Instruments Ltd.). 
Acoustic recordings were analyzed in Praat. F1 and F2 were 
extracted at the midpoint of each vowel, and were compared for 
each vowel category using separate MANOVAs for each speaker. 
For the ultrasound images, the radial coordinates of the midpoint 
of each vowel were extracted out of AAA. Tongue positions for 
each vowel were compared using separate SSANOVAs for each 
speaker, with Bayesian 95% confidence intervals. For lip 
protrusion, still frames were extracted from each recording at the 
maximum point of constriction. Horizontal and vertical distance 
of the lip opening were measured in millimeters in Inkscape, and 
compared for each vowel category using two one-way ANOVAs 
for each speaker. 
 
Results: First comparing how speakers produce “similar” French 
/i/ and /u/ compared to their Spanish category, MANOVA results 

show that no speakers, except one (SP1), produced a significant 
difference in F1 or F2 in productions of Spanish /i/ and /u/ 
compared to French /i/ and /u/. Pillai scores for 5/6 speakers show 
a significant degree of overlap in the acoustic space for French /i/ 
and Spanish /i/, as well as French /u/ and Spanish /u/. 
Articulatorily, within speaker SSANOVAs show that only half of 
the participants produced a significant amount of overlap of the 
tongue gesture for French /u/ as Spanish /u/. All speakers 
produced a significant degree of overlap between French /i/ and 
Spanish /i/ (See Figure 1). For lip rounding, only one speaker 
(SP4) does not have the same degree of lip rounding for French 
and Spanish /u/, but speakers round French and Spanish /i/ to a 
similar degree. 

 

Figure 1: Overlapped Spanish and French /i/, and non-
overlapped Spanish and French /u/: example SSANOVA from 

SP5  

Turning to results for how L1 Spanish speakers produce the 
“new” phone /y/, half of the participants produce /y/ with a tongue 
position further back than /i/, showing these speakers do not reuse 
the tongue gesture from their L1 to the novel French phone. 
Again, only half of the speakers produce the same degree of lip 
rounding for French /y/ and Spanish /u/.   
Discussion: This study finds that L1 Spanish speakers producing 
French high vowels reuse the acoustic categories to produce 
“similar” French phones, but are less likely to transfer articulatory 
gestures from their L1 for the same phones. For the “new” French 
phone /y/, speakers again tend to not reuse L1 articulatory 
gestures for /y/ productions. These results indicate that non-native 
speakers primarily transfer acoustic-phonetic vowel categories 
from their L1 to a non-native language. This suggests that theories 
of non-native speech production should reference acoustic 
categories of vowels, rather than exclusively articulatory 
gestures.  
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