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BACKGROUND & OBJECTIVES

• Hindi/Indian English: The retroflex stop [ʈ], 
labiovelar approximant [ʋ], and rhotic tap [ɾ] are 
uniformly produced in Indian English (IE) 
varieties [1], including the English of L1 Hindi 
speakers (Hindi English)

• Research Questions: Can Hindi English (HE) 
speakers’ segment deviations, perceived by 
native speakers of American English (AE), be 
measured using explainable phonological 
feature-based representations derived from 
deep neural networks?

• Methods & Approaches: 

• Train Phonet [2] on baseline IE&AE data to 
estimate phonological class probabilities of 
target HE segments.

• 2-way ANOVAs investigating differences in 
phonological class probabilities between 
expected AE and realized HE segments as 
drivers of accent perception.

• Using the perceptual space of the Phonet
model, investigate associations between 
accent ratings and vector-based distances 
from target HE to baseline IE&AE 
segments via multinomial logistic 
regressions.
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RESULTS

PHONET TRAINING PROCEDURE

• ~270h IE&AE baseline ASR data [4][5][6][7]; 
80:20 train-test split; 30 epochs with early 
stopping; multi-task setup with classification 
heads for each phonological class.

• Custom MFA [8] IE&AE acoustic models 
generate TextGrids with phone-level 
alignments for phonological class 
annotations. 

• Averages frame-level phonological class 
probability vectors to derive phone-level 
representation.

PHONET

• Bi-directional 
GRU model 
uses MFCC 
transformations 
of acoustic 
signals. 

• Generates 
vector of 
phonological 
class 
probabilities as 
speech 
representations 
of phone 
segments.

Figure 1. Phonet architecture [2]

CSLU FAE ACCENTED DATASET

Figure 6: (Left) Multinomial logistics regression of HE [ʈ] distances 
from IE&AE baselines on accent ratings, with No/Negligible accent 
as reference level. (Center, Right) Probability distributions of 
[anterior]&[coronal] classes by word position

Figure 2. The CSLU FAE project & dataset [3]

HE [ɾ] vs. AE [ɹ]

Figure 3: Phonological class probability distributions by accent rating 
and word position for the [tap], [anterior] and [distributed] classes 
contrasting realized HE [ɾ] vs. expected AE [ɹ] segments. 2-way ANOVAs 
show significant main effects of accent ratings on the probabilities of all 
three features.

• 2-way ANOVA: Interaction effects of accent 
rating and word position on [dorsal] & 
[approximant]: probabilities decrease word-
initially as accent strength increases

• Logistic Regression: Interaction effects of AE 
distance with word position; odds of Mild and 
Strong accents higher word initially and 
medially with unit increase in AE distance.

Figure 5: (Left) Multinomial logistics regression of HE [ʋ] distances from 
IE&AE baselines on accent ratings, with No/Negligible accent as 
reference level. (Center, Right) Word-initial interaction plots of [dorsal] 
and [approximant] probabilities by accent rating.

HE [ʈ] vs. AE [t]• 2-way ANOVA: Main effects of accent rating on 
[anterior], [tap], and [distributed] probabilities

• Logistic Regression: Main effects of IE&AE 
distance; odds of Mild & Strong accents 
increases (decreases) with increasing distance 
from AE (IE) baselines

HE [ʋ] vs. AE [w]

• 2-way ANOVA: Main effects of word position 
on [anterior] and [coronal] probabilities: lower 
probabilities word-finally

• No main not interaction effects of accent ratings 
on probabilities; supports research showing at-
chance discrimination of retroflex vs. dental 
Hindi stops by AE listeners [9,10]

• Logistic Regression: Main effects of IE&AE 
distance; odds of Mild & Strong accents 
increases (decreases) with increasing distance 
from AE (IE) baselines, with prominent word-
final effects

• Suggests other factors in retroflex stop 
segments contribute to accent perception

Figure 4: Multinomial logistic regression of HE [ɾ] distances from IE&AE 
baselines on accent ratings, with No/Negligible accent as reference level.
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