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Abstract 

 

Previous research has indicated that a person‟s language 

history may affect their speech compensation results during 

altered auditory feedback. The purpose of this experiment 

was to determine if the interaction of first language and 

second language vowels will influence compensatory 

behavior in Vietnamese and English speakers. The 

experiment included a group of native Vietnamese talkers 

who learned English as a second language and a group of 

English monolinguals. F1 discrimination thresholds and 

vowel goodness ratings for English /ɪ/ as in “hid” on a 

continuum towards English /ɛ/ as in “head” were 

determined. Vowel spaces were collected for both languages 

and auditory feedback of F1 was manipulated during speech 

production for English and Vietnamese vowels. Results 

found an asymmetry in compensation between the negative 

and positive shifts for each vowel. Group differences in 

speech production were found when the F1 manipulation 

was dynamic. However, when the F1 manipulation was 

stable, English /ɪ/ did not elicit group differences, but 

English /ӕ/ did. These results suggest some differences in 

the auditory feedback systems for the two groups.  

Index Terms: auditory feedback, language acquisition, 

speech production  

 

1. Introduction 
 

Auditory feedback, hearing one‟s voice, may play a role in 

the detection of speech errors and regulation of speech 

production. Research has found if this system is perturbed, 

the speaker will make changes in their speech to correct for 

the perturbation. This correction by the system has been 

found to occur unconsciously and automatically [1]. 

Manipulations of the auditory feedback system have been 

investigated with voice pitch [2], loudness [3] and spectral 

characteristics of sounds [4]. Recently, studies have altered 

vowel formants in real-time to change the vowel quality and 

measure changes in speech production. These studies have 

found that speakers will compensate for this formant 

perturbation in the opposite direction [5, 6, 7]. For instance, 

when talkers are prompted with the word “head” and their 

F1 feedback was shifted up towards “had”, their production 

changed in F1 towards “hid”.  

A cross-language study [8] has found that compensation 

occurred in other languages such as Japanese and when 

English is a second language. Mitsuya et al. [8] found that 

Japanese speakers, who were new to learning English, did 

not compensate as much as native English speakers when 

Japanese speakers performed the task with the English 

vowel /ɛ/ as in “head”. They postulated that the use of 

acoustic feedback may be modulated by language 

experience and phonemic organizations of the native (L1) 

and second (L2) languages. In the present study, we 

examined the role of auditory feedback in native 

Vietnamese talkers who were experienced speakers of 

English as a second language.  

Theories and studies in language acquisition have shown 

that L1 and L2 can influence each other resulting in 

differences in speech production and perception results 

between monolinguals and bilinguals. These results may 

have occurred because the L1 and L2 phonemes (vowels 

and consonants) exist in the same phonological space known 

as the “common phonological space (CPS) or the “L1-L2 

phonetic space” [9]. In the CPS, all the phonemic elements 

of both languages are present and interact with each other. 

The Vietnamese bilinguals may have a denser CPS than the 

English monolinguals. This may affect the talker‟s 

sensitivity to speech errors and result in differences in 

speech compensation during altered auditory feedback. The 

purpose of the present experiment was to determine if the 

perceptual organization of L1 and L2 vowels may influence 

Vietnamese and English speakers‟ compensatory behavior 

during speech production when auditory feedback is 

manipulated.  

 

2. Method 
 

2.1. Subjects 

 

Forty-seven individuals from Western University, city of 

London, and the Greater Toronto Area were recruited for the 

current study. The sample was divided into two groups: 

English monolinguals (n = 21 [Females = 17, Males = 4]) 

and Vietnamese with English as a second language (n = 21 

[Females = 17, Males = 4]). English participants had learned 

English in Ontario, Saskatchewan and British Columbia. All 

the Vietnamese participants learned English as a second 

language in Ontario. For each ear, hearing thresholds were 

measured at octave intervals between 250 Hz and 4 kHz. All 

individuals had normal thresholds (≤ 25 dB HL). No 

participants had known language or speech impairments. 
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Data from five native English participants were discarded 

because they either learned English in the Maritimes, were 

not born in Canada, had a history of a lisp or a stutter.  

 

2.2. Equipment and online formant shifting 

  

Equipment and formant analysis were similar to Purcell and 

Munhall [6]. Participants wore a headset microphone and 

after amplification the signal was low-pass filtered at a cut-

off frequency of 4500 Hz and digitized at 10 kHz sample 

rate. During altered auditory feedback, the signal was 

filtered in real time to create shifts in F1. Headphone speech 

was approximately 80 dBA SPL with background speech 

shaped noise of 50 dBA SPL. The voice was filtered in real 

time to create the formant manipulations using an iterative 

Burg algorithm [10] to estimate formants. Model order was 

selected for each talker and vowel to optimize the stability 

of formant estimates [11], which was generally very good. 

The formant frequency estimates and corresponding filter 

coefficients were updated every 900 µs. The delay of the 

auditory feedback was less than 1 ms, but formant 

calculations included past samples for an effective delay in 

formant estimates and corresponding filter coefficients of 10 

to 20 ms. 

 

2.3. Offline formant analysis 

 

A semi-automated process was used to trim the utterance 

before and after the vowel. The boundaries were examined 

by the experimenter and corrected if required. 

Steady-state values of F1, F2, and F3 for each utterance 

were estimated offline [6]. These single values for each 

formant for each trial were calculated by averaging formant 

estimates from the middle 80% of the vowel. Occasionally, 

formants were incorrectly categorized as another (i.e. F1 

being categorized as F2, etc.). These errors were found and 

corrected by examining a graph with all the F1, F2, and F3 

values for each participant.  

 

2.4. Speech perceptual tasks 

 

2.4.1. F1 Discrimination Threshold 

 

The minimum change in F1 that the listener can detect was 

determined for /ɪ/ using a 2-alternative forced choice test on 

a continuum between /ɪ/ and /ɛ/. A continuum of “hid” was 

created by shifting F1 upwards in 5 Hz steps. The unaltered 

“hid” was produced by a young adult male who spoke 

Canadian English as his first language.  

 

2.4.2. Vowel Goodness Ratings 

 

Goodness is defined as the ability of an exemplar of a 

specific sound to fit into its respective category [12]. Vowel 

goodness ratings were used to determine the goodness of 

various exemplars of English /ɪ/. Eleven versions of “hid” 

were created, with one unaltered “hid” and ten altered 

versions, where F1 of the unaltered “hid” was shifted 

upwards in 20 Hz steps to +200 Hz (i.e. +20, +40,... +200 

Hz). The participant was asked to rate each sound on a scale 

of 1 to 7, where 1 is a very poor version and 7 is an 

excellent version of “hid”.  

 

2.4. Procedure and experimental conditions 

 

Participants were first asked to complete the vowel 

goodness ratings and 2-alternative forced choice test. 

Subsequently, in a sound booth, talkers‟ vowel spaces were 

collected. Auditory feedback was then altered with F1 

shifted either positively or negatively for the English vowels 

/ɪ/ and /ӕ/. Both shift directions were also employed with 

Vietnamese talkers producing the Vietnamese vowel /ɐ/. 

Talkers said the word “hid”, “had” or “tăm” 114 times for 

each shift direction, as shown in Figure 1. These utterances 

were grouped into one of four phases. In the first phase, 

Acclimatization (first 15 utterances), participants received 

normal feedback. These utterances were discarded prior to 

analyses. In the second phase, Baseline (utterances 16-35), 

participants received normal feedback. In the third phase, 

Ramp (utterances 36-95), F1 was perturbed with the 

magnitude of the perturbation increasing by 20 Hz after 

every sixth utterance, resulting in a 200 Hz shift by 

utterance 90. Finally, in the Hold phase (utterance 96-114), 

the F1 perturbation at 200 Hz was held constant. The order 

of the vowels was English /ɪ/, English /ӕ/ and if the 

participant was Vietnamese, /ɐ/ was last.  In the English /ɪ/ 

condition, the F1 positive shift was always presented first, 

followed by the negative shift. Subsequently, shifts were 

counterbalanced for English /ӕ/ and Vietnamese /ɐ/.  

Participants read English reading passages with their 

headphones off to normalize their speech productions after 

each directional shift, as well as before and after vowel 

space collections. Vietnamese participants read Vietnamese 

passages during the Vietnamese part of the study.  

 

 
Figure 1: Schematic procedure of F1 formant shifting. 

 

3. Results 
 

3.1. Speech perception and vowel space comparisons  

 

Vietnamese speakers‟ F1/F2 values of the English vowels 

were compared with those of English monolinguals. The 

English vowels produced by the female English 

monolinguals are plotted in Figure 2. The Vietnamese 
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vowels produced by the female Vietnamese bilinguals are 

plotted in Figure 3.  In these Figures, the center of each 

ellipse represents the mean F1/F2 frequency for that vowel, 

while the solid and dashed ellipses represent one and two 

standard deviations respectively.  

 

 
Figure 2: English vowel space of female, English 

monolingual speakers in an /hVd/ context (n=17) 

 

 
Figure 3: English vowel space of female, Vietnamese 

bilingual speakers in an /hVd/ context (n = 17) 

  

The English vowel spaces of the English and Vietnamese 

talkers exhibited some differences, but were generally quite 

similar. The F1discrimination thresholds and Vowel 

Goodness Ratings for English /ɪ/ did not differ statistically 

between the groups. 

 

3.2. Compensation comparisons  

 

For each individual, the change in F1 production was 

normalized by subtracting the average F1 of the Baseline 

phase from the average F1 of each step (6 utterances per 

step) in the Ramp phase or the 19 utterances from the Hold 

phase.   

In the following ANOVA analyses, absolute values of 

the normalized data from each participant were used 

because of the different signs of the positive and negative 

shifts. A Sign test was used to evaluate group differences for 

compensation of English vowels /ɪ/ and /ӕ/. In the Sign test, 

the number of mean trials where one group‟s compensation 

exceeded the other was calculated from threshold to the end 

of the Ramp phase and then separately for the Hold phase. 

Threshold was defined as a change in F1 production two 

standard deviations from Baseline (refer to ++ symbols in 

Figures 4 and 5).  

The results for the F1-negative condition for the English 

vowel /ɪ/ are plotted in Figure 4. The results for the F1-

positive condition for English /ɪ/ are plotted in Figure 5.  

Differences in the magnitudes of compensations between 

the negative and positive shifts were observed. Talkers 

compensated more in the positive shift than in the negative 

shift (ANOVA, F[1,1] = 6.707, p < 0.013). Group 

differences were observed only in the negative shift during 

the Ramp phase, where Vietnamese talkers compensated 

more than English talkers (Sign test, p < 0.0002).  During 

the Hold phase, where the F1 shift was held constant at ± 

200 Hz, the two groups did not differ in their compensation 

(positive shift: Sign test (p = 0.359); negative shift: Sign test 

(p = 0.648).  

 

 
Figure 4: Average normalized F1 results for the English /ɪ/ 

as in “hid” across trials for English and Vietnamese 

speakers during the negative condition. Error bars 

represent one standard deviation. ++ represents speech 

compensation threshold. ** represents significant difference 

between groups. 

 

 
Figure 5: Average normalized F1 results for the English /ɪ/ 

as in “hid” across trials for English and Vietnamese 

speakers during the positive condition. Error bars represent 

one standard deviation. ++ represents speech compensation 

threshold. 

 

Results for English /ӕ/ are in contrast to English /ɪ/. 

Differences in the magnitudes of compensations between 

the negative and positive shifts were also observed. 

However, talkers compensated more in the negative shift 

than in the positive shift (ANOVA, F[1,1] = 5.828 , p < 

0.020). Group differences were observed in the positive shift 
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during the Ramp phase (Sign test, p < 0.0001) and the Hold 

phase (Sign test, p < 0.0044), where English talkers 

compensated more than Vietnamese talkers.  

The Vietnamese talkers showed compensation when 

presented with altered auditory feedback for the Vietnamese 

vowel /ɐ/.  An asymmetry of compensation again occurred, 

where the positive shift had greater compensation than the 

negative shift (ANOVA, F[1,1] = 5.683, p < 0.027).  

All experimental conditions showed a significant effect 

for shift size, where an increase of shift size resulted in 

greater compensation (ANOVA, /ɪ/: F[1,10] = 27.946, p < 

0.001; /ӕ/: F[1,10] = 21.780, p < 0.001; /ɐ/: (F[1,10] = 

14.391, p < 0.001).  

 

4. Discussion 
 

The purpose of the current study was to examine the 

compensatory responses to altered auditory feedback across 

English and Vietnamese talkers. Both groups received 

perturbations in feedback where F1 of English vowels /ɪ/ 

and /ӕ/ were increased or decreased. Both groups had 

similar F1 discrimination thresholds for English /ɪ/ and 

vowel goodness ratings for the different “hid”. As well, 

Vietnamese and English talkers had similar asymmetries in 

compensation for different shift directions with each vowel. 

This asymmetry is similar to that reported by Purcell, 

MacDonald, and Munhall [13]. These results suggest that 

the Vietnamese talkers produced and perceived English 

sounds similar to the English monolinguals. This was 

consistent with the Vietnamese talkers‟ report that English 

was presently their dominant language. 

However, despite these similarities in the English vowel 

spaces and discrimination, the dynamic manipulation of F1 

in the Ramp phase elicited differences in speech production 

between the two groups. When F1 was decreased for 

English /ɪ/, Vietnamese talkers compensated more than 

English talkers. As well, when F1 was increased for English 

/ӕ/, the English talkers compensated more than the 

Vietnamese talkers. Even though English is presently the 

Vietnamese talkers‟ dominant language, their sensitivities to 

rapid changes in English speech sounds and their ability to 

compensate to these rapid changes may be different 

compared to English talkers, leading to the observed group 

differences during the Ramp phase. In contrast, when F1 

was stable during the Hold phase at ±200 Hz, there were no 

group differences, except for the positive shift for English 

/ӕ/. This result may suggest an effect of the organizations of 

the Vietnamese and English vowel spaces. The Vietnamese 

vowel space is similar to the English vowel space around 

English /ɪ/. However, there are differences in the 

Vietnamese and English vowel spaces around English /ӕ/. 

Thus, group differences may have been caused by the 

influence of the Vietnamese talkers‟ native language, 

despite reporting English as their dominant language. 

Further analyses and experiments are needed to fully 

understand the differences in compensation results between 

dynamic and stable manipulations of F1 during altered 

auditory feedback  
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