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Previous studies have shown that gains made during perceptual training can be 
transferred to gains in production and that audiovisual (AV) perceptual training often 
leads to greater improvement in production than auditory-only (A-only) training 
(Hardison, 2003; Hazan, Sennema, Iba, & Faulkner, 2005). This study investigated 
whether perceptual training on the three French nasal vowels led to improvement in the 
production of these vowels, and whether improvement was greater with AV perceptual 
training as opposed to A-only training. The productions of 60 American-English 
intermediate learners of French were recorded at pretest and posttest. The stimuli 
consisted of 108 CVC words in various consonantal contexts and the L2 learners’ 
productions were judged by two native French listeners in two rating tasks: a forced-
choice identification rating task and a quality rating task. Results showed that both 
training groups—but not the control group— significantly improved from the pretest to 
the posttest, but that the production of the AV training group improved significantly more 
than the production of the A-only training group. Furthermore, the two types of analysis 
used to assess the production of the L2 learners revealed differences that have 
implications for research methodology and assessment.  

 
INTRODUCTION 

There is a general consensus that most individuals who learn a second language (L2) as adults 
speak it with a foreign accent (e.g., Derwing & Munro, 1997; Flege, Munro, & MacKay, 1995; 
Major, 2001). This fact has led to proposals for several model of speech perception. The Speech 
Learning Model (Flege, 1992, 1995), for instance, claims that the similarity between L1 and L2 
sounds makes it difficult for learners to perceive phonetic differences and to create new 
categories for L2 sounds. The Similarity Differential Rate Hypothesis (Major & Kim, 1996) goes 
further and argues that dissimilar sounds between an L1 and L2 are acquired faster than similar 
sounds. This crosslinguistic influence in perception is also believed to be reflected in production, 
and numerous studies have shown that the degrees of accuracy in perceiving and producing L2 
phones are related (e.g., Flege, Bohn, & Jang, 1997; Flege, 1988). Of interest to second language 
acquisition (SLA) researchers and teachers is the question of how novel L2 phoneme categories 
are acquired and the extent to which instruction or training can improve production. A wealth of 
empirical studies have provided evidence that perceptual auditory training can be transferred to 
improvement in production even when no production tasks are involved during training (e.g., 
Bradlow, Akahane-Yamada, Pisoni, & Tohkura, 1999; Bradlow, Pisoni, Akahane-Yamada, & 
Tohkura, 1997; Lambacher, Martens, Kakehi, Marasinghe, & Molholt, 2005; Lopez-Soto & 
Kewley-Port, 2009; Wang, Jongman, & Sereno, 2003).  
A number of different methods have been used assess L2 learners’ speech production. Among 
the tasks commonly used are forced-choice identification tasks (Bradlow et al., 1997; Hazan et 
al., 2005), identification tasks (Lambacher et al., 2005), quality rating tasks (Hardison, 2003; 
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Hazan et al., 2005), acoustic analyses (Lambacher et al., 2005; Wang et al., 2003) and pretest-
posttest paired comparison (Bradlow et al., 1997). In addition, while some studies use only one 
type of rating task (e.g., Hardison, 2003; Lopez-Soto & Kewley-Port, 2009; Wang et al., 2003), 
others combine several tasks (e.g., Bradlow et al., 1997; Hazan et al., 2005; Lambacher et al., 
2005). 

 

Audiovisual Speech Perception 
The large majority of L2 speech studies have focused on one source of input—the auditory 
signal—despite the fact that speakers rely on both auditory and visual information in face-to-face 
communication, making communication a multimodal experience (Pisoni & Remez, 2005; 
Rosenblum, 2005). The ability to benefit from both the auditory and visual modality in 
perceiving and interpreting speech has been demonstrated with native speakers in studies 
investigating L1 speech comprehension (e.g., Arnold & Hill, 2001; Reisberg, McLean, & 
Goldfield, 1987; Summerfield, 1979), speech intelligibility (e.g., Benoît, Mohamadi, & Kandel, 
1994; Sumby & Pollack, 1954), and language discrimination (e.g., Ronquest, Levi, & Pisoni, 
2010; Soto-Faraco et al., 2007). For instance, Arnold and Hill (2001) found that comprehension 
was better in audiovisual conditions than in auditory-only conditions when messages where 
presented in various ways: with accented speech, in a L2 that participants were fluent in, or with 
complex semantic and syntactic structures. In addition, although non-native speakers have been 
found to be less efficient at using visual information than native speakers (e.g., Hazan et al., 
2005, 2006; Ortega-Llebaria et al., 2001), the superiority of audiovisual information over 
auditory-only information has also been supported in studies looking at L2 speech perception 
(e.g., Erdener & Burnham, 2005; Hardison, 2003; Hazan et al., 2006, 2005; Hirata & Kelly, 
2010; Kluge, Reis, Nobre-Oliveira, & Bettoni-Techio, 2009; Wang, Behne, & Jiang, 2008).  

Despite a growing number of studies pointing to the facilitative aspects of audiovisual speech 
information in attending to L2 speech, only a couple of studies have examined the relationship 
between audiovisual speech perception and production (Erdener & Burnham, 2005) or looked at 
the effect of audiovisual training on the production of L2 phonemes (Hardison, 2003; Hazan et 
al., 2005). Because of the relative paucity of published studies, it is premature to draw firm 
conclusions. Nonetheless, two studies investigating the production of the English /r-l/ contrast by 
Japanese speakers reported that audiovisual perceptual training led to greater improvement in 
production than auditory-only training (Hazan et al., 2005). Production performance was also 
found to be superior when visual information (i.e., the face of the speaker) was present in a study 
where Australian English and Turkish speakers were asked to repeat words produced in Spanish 
and Irish (Erdener & Burnham, 2005).  
Still, much work remains to be done regarding the effect of L2 speech perception on speech 
production. Accordingly, this study contributes to the ongoing research on audiovisual speech 
perception by exploring whether perceptual training helps improving the production of the three 
(Standard) French nasal vowels. The rationale for targeting nasal vowels is that their difference 
is visually salient, ranging from the hyper-rounded [ɔ̃] to the rounded [ɑ̃] and unrounded [ɛ]̃, and 
they are often problematic for non-native speakers. 
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Research Questions 

The general research question addressed in this article was whether participants receiving 
audiovisual (AV) perceptual training improve their pronunciation of the French nasal vowels 
more than participants receiving audio-only (A-only) training. In order to have a better 
understanding of assessment methods and rating tasks, the research question was divided into 
two sub-questions examining participants’ pronunciation when (a) rated by native speakers in a 
quality rating task, and (b) rated by native speakers in a forced-choice identification task. 

 
METHODS 

Participants 
Sixty participants (age 18-24, mean = 20; 43 females) were recruited from intermediate French 
language courses at a large Midwestern university and were randomly assigned to one of the 
three following groups: AV training, A-only training, and a control group. All the participants 
were native speakers of American English who reported good vision, no hearing disorder, and no 
background in lipreading and phonetics. 

 
Stimuli and Procedure 

The participants were tested at pretest and posttest individually in a quiet room. A delayed 
repetition task was used to elicit participants’ production of 108 monosyllabic #CVC# words 
where the vowel was either [ɑ̃], [ɔ̃], or [ɛ]̃. The initial consonant was one of the following: [p-t-k-
b-d-g-s-z-f-v-ʒ-ʃ] to take into consideration the articulation of vowels in different consonantal 
contexts. Participants heard the stimuli followed by one of five version of a prompt asking them, 
in French, to repeat the word. For example, they would hear the stimulus “ponse” [pɔ̃s] followed 
by “répète le mot s’il te plaît” (repeat the word, please). The reason for having a prompt between 
the stimuli and the participants’ repetition of the stimuli was to prevent direct imitation from 
sensory memory.  
Two rating tasks were used to assess participants’ oral production. Two native listeners of 
French rated the pretest and posttest productions of the sixty participants in a forced-choice 
identification task and a quality rating task. For both tasks, raters were asked to focus on the 
accuracy of the vowels production and ignore the production of the consonants. In the forced-
choice identification task, the raters heard a stimulus produced by L2 participants and were asked 
to choose which of the three nasal vowel the L2 participants had produced. The task was not 
timed, and raters had the option to listen to the production a second time, if needed. The two 
native listeners rated 12,960 tokens (108 stimuli × 2 tests (pre and post) × 60 participants) and 
the inter-rater reliability was 88.4%, which is considered acceptable. Discrepancies were rated by 
a third native rater to ensure that all responses used for the analysis were agreed on by at least 
two native speakers of French. In the quality rating task, raters were presented with a target word 
on a computer screen, listened to a participant’s production of the word and rated the production 
on a scale from 1 (bad) to 7 (excellent). Participants’ pretest and posttest productions of each 
single word were presented in one block, resulting in a total of 108 blocks—one for each word. 
The average between the ratings of the two native listeners was calculated and used for the 
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quality rating task. The order of the production tokens was randomized across raters and the 
ratings were completed within a period of one month.  

Perceptual Training 
Between the production pre- and post- tests described above, the two training groups received six 
30-minute sessions of either AV (hearing a speaker while seeing her face) or A-only (just 
hearing the speaker) high-variability phonetic perceptual training. Participants sat in front of a 
computer screen and were presented with a #CVC# stimulus similar to those used for the 
production task. They then had 4000 milliseconds to click on one of the three options (e.g., nasal 
vowel “an”, “on”, or “un”) on the screen before receiving feedback. Participants were presented 
with 178 CVC stimuli randomized across participants and training sessions.  

 
RESULTS 

Forced-choice Identification Rating Task  
The mean production accuracy scores at pretest and posttest are illustrated in Figure 1. A 
repeated-measures ANOVA with Time as the repeated measure and Group as between-subject 
factor was conducted to measure the effect of perceptual training on production accuracy. 
Results indicated a significant effect of Time, F(1, 5989) = 111.17, p < .001, as well as a 
significant interaction between Group and Time, F(2, 5989) = 24.16, p < .001. This interaction 
was analyzed with separate t-tests (adjusted alpha level of .016) which showed that there were 
significant differences between the pretest scores (M = .63, SD = .48) and posttest scores (M = 
.76, SD = .42) of the AV group, t(1833) = 10.20, p < .001, as well as between the pretest scores 
(M = .66, SD = .47) and posttest scores (M = .73, SD = .44) of the A-only group, t(2110) = 6.38, 
p < .001. There was, however, no significant differences between the pretest scores (M = .68, SD 
= .46) and posttest scores (M = .70, SD = .46) of the control group, t(2046) = 1.14, p = .254, 
providing evidence that improvement in production accuracy was related to perceptual training. 
A one-way ANOVA with Training as the between-subjects factor and Gain change as the 
dependent variable revealed that the improvement in production accuracy of the AV training 
group was significantly greater than the improvement of the A-only training group, F(1, 3944) = 
11.95, p = .001, thus confirming the superiority of AV perceptual training over A-only training 
as far as transfer to production is concerned. 
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Figure 1. Accurate production at pretest and posttest as rated by native speakers in a forced-
choice identification task (maximum score 1).  

 
Further analyses were conducted to compare production in each of the three vowels (Table 1). 
Results indicate that AV training led to significantly greater improvement in the pronunciation of 
[ɔ̃] than A-only training (p = .014) and that the two types of training led to greater improvement 
than no training. The difference in the improvement of [ɑ̃] was not statistically different between 
the two training groups (p = .59) or between the A-only training and control groups (p = .225), 
but the AV training group improved more than the control group (p = .028). Finally for [ɛ]̃, the 
AV training group improved significantly more than the A-only training (p = .046) and the 
control group (p < .001), but the A-only training did not improve more than the control group (p 
= .185).  
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Table 1 
Percentage of correct identification by native speakers of vowels produced by L2 speakers at 
pretest and posttest 

  
[ɔ̃] [ɑ̃] [ɛ]̃ 

AV training 
Pretest 58.75 54.99 74.18 

Posttest 77.22 58.83 90.12 

A-only training 
Pretest 60.77 56.18 78.88 

Posttest 72.01 58.23 88.79 

Control 
Pretest 63.54 60.96 80.79 

Posttest 65.64 56.72 86.80 

 

Quality Rating Task 
Results of the quality rating tasks are illustrated in Figure 2. Repeated-measures ANOVAS 
showed that all groups significantly improved: FAV(1, 1833) = 152.73, p < .001; FA(1, 2157) = 
43.00, p < .001; FC(1, 2048) = 33.91, p < .001. A one-way ANOVA with Group as the between-
subjects factor and Gain change as the dependent variable revealed a significant effect of Group, 
F(2, 6040) = 7.70, p < .001 and a Bonferroni post-hoc test identified that the AV group improved 
significantly more than the A-only group (p = .002) and the control group (p = .002). However, 
and contrary to the overall results of the forced-choice identification task, the A-only group did 
not appear to have improved more than the control group did (p = .10). 
 

 
Figure 2. Percentage of accurate production at pretest and posttest as rated by native speakers in 
a quality rating task. 

Detailed analyses for each vowel (Table 2) showed that the difference in the 
improvement of the pronunciation of [ɔ̃] by the two training groups was not significant (p = 
.094), and that the two training groups improved significantly more than the control group (AV: 
p < .001, A: p = .029). As for [ɑ̃], not only did the AV training group improve significantly more 
than the A-only training group (p = .022), but the performance of the latter actually decreased 
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from pretest to posttest. Furthermore, the difference in pronunciation improvement between the 
control group and the two other groups did not reach significance (AV: p = .352, A: p = .405). 
Finally, there was no significant effect of Group, F(2, 2013) = 0.70, p = .494 for the 
improvement of [ɛ]̃, indicating that all groups improved in a similar way. 

 
Table 2  

Means of production rating (7-point scale) for each vowel at the pretest and posttest 

    [ɔ̃] [ɑ̃] [ɛ]̃ 

AV training 
Pretest 4.98 4.69 5.07 

Posttest 5.62 4.9 5.7 

A-only training 
Pretest 4.94 4.82 5.09 

Posttest 5.39 4.74 5.58 

Control 
Pretest 5.29 4.85 5.35 

Posttest 5.49 4.91 5.93 

 
DISCUSSION 

The primary goal of this study was to compare the effect of audiovisual and audio-only 
perceptual training on the production of French nasal vowels by intermediate American-English 
learners of French. Results showed that, overall, after six sessions of perceptual training, the 
pronunciation of the learners in the two training groups improved significantly more than the 
pronunciation of the control group. These results are comparable to the perceptual training 
studies mentioned earlier and demonstrate that improvement in pronunciation can be achieved 
using a simple perceptual training task. More importantly, the results of this study demonstrated 
that AV perceptual training was more efficient than auditory-only training, and that participants 
in the AV training group benefited from the visual information they received during training and 
that they transferred their knowledge onto production.  

The results also showed that the effects of perceptual training were stronger for the vowel [ɛ]̃, 
which was about 90% accurately produced by both training groups at posttest. Perceptual 
training did not, however, seem to be as beneficial for [ɑ̃], which showed little improvement 
from pretest to posttest. This may be due to the lack of visual saliency of that vowel, which is 
neither hyperrounded, like [ɔ̃] nor unrounded like [ɛ]̃. 
The secondary goal of this study was to compare two types of rating tasks to get a better 
understanding of the data. The two tasks used showed a general similar pattern, namely that AV 
training was superior to A-only training, but also revealed some differences. It has previously 
been noted that differences in results across studies may be due to the use of different testing 
materials and rating procedures (Flege, MacKay, & Meador, 1999), settings, language 
background, and language proficiency. In the current case, the differences in results can only be 
explained by the rating tasks used since the participants and raters remained the same. The 
forced-choice identification task provided a stronger base for the argument in favor of AV 
training: for all vowels, the AV trainees improved significantly more than the control group, but 
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the AV training did not seem to be more effective than auditory-only training only for the vowel 
[ɑ̃], probably again because of the vowel’s lack of visual saliency. On the other hand, the quality 
rating task led to a less straightforward picture. Results indicated that in terms of vowel quality, 
the AV trainees’ pronunciation of [ɑ̃] improved significantly more than the pronunciation of the 
A-only trainees, but that AV training did not help to improve the pronunciation of [ɔ̃] and [ɛ]̃ 
more than A-only training did. Finally, results of the quality task revealed that no group was 
better than the other two groups at improving the pronunciation of the vowel [ɛ]̃.   
Possible reasons for the discrepancy in the results is that there is a risk of score inflations when 
using a quality rating task. The raters rarely used the lower number of the seven-point Likert 
scale, and although score inflation was consistent throughout the rating task and therefore not 
problematic for the analysis, it became more of an issue when comparing the results of the 
quality rating task to those of the forced-choice identification tasks which did not leave any 
option for inflation. On the other hand, the forced-choice identification task was not exempt from 
drawbacks. First, the total accuracy scores in this study might be lower than if only two sounds 
had been contrasted, which is often the case in the previously cited studies, as it was somewhat 
cognitively more demanding as the raters have to focus on three sounds. In addition, the fact that 
there was no possibility to select a “none of these sounds” option forced the raters to select one 
option by default even if the sound produced by a L2 participant did not correspond to any of the 
three vowels.  
In conclusion, this study contributes to the growing literature showing that AV perceptual 
training not only leads to improvement in speech production, but also leads to greater 
improvement than auditory-only training (Hardison, 2003; Hazan et al., 2005). This has strong 
practical implications for computer-assisted language learning and should be further 
investigated. In addition, this study raised methodological concerns about the assessment of 
speech production by showing that different results can be obtained from different types of 
rating.  
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