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Objectives: L2 acquisition of stress patterns is typically challenging for adults and often 

overlooked in structured classroom learning [1]. We asked three research questions concerning the 

acquisition of antepenultimate and penultimate stress patterns by adult L2 Italian learners. 1) To 

what degree do beginner L2 Italian speakers produce duration, amplitude, and fundamental 

frequency cues associated with different stress types? 2) How do L1 Italian listeners rate L2 stress 

patterns across four fluency dimensions: overall, duration, loudness, and pitch? 3) How do these 

acoustic cues affect the fluency ratings?  

Method: Ten first and second semester L1 English-L2 Italian adult classroom learners (age 18-

25) and five adult L1 Italian speakers from Italy read aloud 32 pairs of common, frequency 

controlled, trisyllabic words via Gorilla [2]. The words, taken from [3], were segmentally identical 

in their first two syllables but differed in their stress location, e.g., TOnaca (‘habit’; capital letters 

indicate stress, though participants only saw lowercase letters) and toNAle (‘tonal’). Files were 

cleaned, trimmed, and normalized for amplitude. 900 of the 960 recordings’ vowels (1,800 vowels 

in total) were manually tagged in Praat [4]. Fundamental frequency (Bark transformed [5]), 

amplitude (dB), and duration (ms) were extracted. Next, these 900 files were played via Gorilla 

[2] for 50 L1 Italian listeners recruited through Prolific (mean age = 36; mean Italian proficiency 

= 57/60 using [5]). Participants took part in a headphone screening [7], and then heard 100 different 

L1 and L2 utterances. After each utterance, participants rated overall fluency, and duration, 

loudness, and pitch fluency using visual analog scales with the endpoints ranging from 0 to 1000. 

Results: Outliers beyond 3 median absolute deviations [8] were removed (~3% of acoustic data). 

The L1 speakers demonstrated statistically significant duration and amplitude differences for both 

stress types and a pitch difference for penultimate stress in line with [3,9] (Table 1). The L2 

speakers demonstrated a signification duration difference for both stress types. This difference was 

in the correct direction for penultimate stress but in the opposite direction for antepenultimate 

stress. Figure 1 and Table 2 presents the results from the four fluency ratings. In all dimensions, 

the L1 speakers were rated as ‘more fluent’ (higher rating) than the L2 speakers (lower rating). For 

the L2 speakers, slightly more variation was observed in the penultimate ratings than the 

antepenultimate ratings. Two mixed-effects linear regression models (one for each stress type) 

were built to predict the overall fluency rating for the L2 data. The three acoustic variables were 

scaled and used as predictors along with two-way interactions with vowel order (dummy coded 

with the first vowel as the reference level). For the antepenultimate model, a longer first vowel 

duration led to significantly higher fluency ratings ( = 53.9, p < .001) whereas a longer second 

vowel duration led to significantly lower fluency ratings ( = −50.9, p < .001). For the penultimate 

model, a longer duration on the second vowel led to significantly higher fluency ratings ( = 32.1, 

p = .02) while a higher pitch and a higher amplitude on the second vowel led to significantly lower 

fluency ratings (pitch:  = −24.5, p = .02; amplitude:  = −49.6, p < .001). Figure 2 plots the effect 

of duration on overall fluency. All other predictors in the models were null at a .05 alpha-level. 

Conclusion: Unlike L1 speakers, L2 learners failed to produce consistently reliable 

antepenultimate and penultimate stress cues in terms of duration, fundamental frequency, and 

amplitude. The lack of salient acoustic cues resulted in the L2 utterances being deemed “less 

fluent” across all four ratings, particularly when compared to the L1 utterances. Regression 

analyses confirmed these acoustic cues drive fluency ratings, especially duration cues, which we 

found to be a reliable predictor in both our antepenultimate and penultimate model. We discuss 

potential L2 Italian pedagogy strategies, including ways to emphasize duration and pitch in 

pronunciation practice. We also examine learner variation by highlighting individual differences 

in L2 acquisition and hypothesize why some learners are “more fluent” than others.  
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Table 1. Mean acoustic measures and t-test 

comparisons for the first and second vowel of 

the words with each stress pattern by speaker 

status. P-values adjusted for 12 comparisons. 

 First 

vowel 

Second 

vowel 

p-

value 

Antepenultimate stress 

Duration 

(ms) 

L1: 111 

L2: 82 

L1: 71 

L2: 132 

< .001 

< .001 

Pitch (Bark) L1: 1.47 

L2: 1.82 

L1: 1.39 

L2: 1.78 

.15  

.39 

Amplitude 

(dB) 

L1: 9.91 

L2: 9.07 

L1: 7.06 

L2: 8.29 

< .001 

.14 

Penultimate stress 

Duration 

(ms) 

L1: 77 

L2: 81 

L1: 152 

L2: 136 

< .001 

< .001 

Pitch (Bark) L1: 1.53 

L2: 1.79 

L1: 1.38 

L2: 1.79 

< .01  

.92 

Amplitude 

(dB) 

L1: 

10.05 

L2: 9.06 

L1: 7.26 

L2: 8.70 

< .001 

.48 

 

Table 2. Mean fluency ratings from 0-1000 and 

t-test comparisons by speaker status.  

 L1  L2 p-value 

Overall Fluency 908 264 < .001 

Pitch Fluency 851 287 < .001 

Loudness Fluency 842 382 < .001 

Duration Fluency 823 358 < .001 

 

 
Figure 1. Density plots of fluency ratings by L1 

(left) and L2 (right) speakers and stress pattern. 
 

 
Figure 2. Regression lines (in blue) showing 

effects of L2 vowel duration on fluency ratings 

by vowel order and stress type. 


