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Abstract: Little attention is paid to prosody in second language (L2) instruction, but computer-
assisted pronunciation training (CAPT) offers learners solutions to improve the perception and
production of L2 suprasegmentals. In this study, we extend with acoustic analysis a previous research
showing the effectiveness of self-imitation training on prosodic improvements of Japanese learners of
Italian. In light of the increased degree of correct match between intended and perceived pragmatic
functions (e.g., speech acts), in this study, we aimed at quantifying the degree of prosodic convergence
towards L1 Italian speakers used as a model for self-imitation training. To measure convergence, we
calculated the difference in duration, FO mean, and FO max syllable-wise between L1 utterances and
the corresponding L2 utterances produced before and after training. The results showed that after
self-imitation training, L2 learners converged to the L1 speakers. The extent of the effect, however,
varied based on the speech act, the acoustic measure, and the distance between L1 and L2 speakers
before the training. The findings from perceptual and acoustic investigations, taken together, show
the potential of self-imitation prosodic training as a valuable tool to help L2 learners communicate
more effectively.

Keywords: prosodic convergence; computer-assisted pronunciation training; communication efficacy

1. Introduction

Prior research on teaching Italian prosody in a classroom setting employing computer-
assisted pronunciation training (CAPT) methods has shown that a training approach
centered around L2 learners imitating their own voice with native-like prosody (self-
imitation) had a beneficial effect on their capacity to produce speech acts with prosody
characteristics matching the expectations of native Italian listeners (Pellegrino and Vigliano
2015; Vigliano et al. 2016). The primary aim of this research was to delve deeper into the
influence of self-imitation training on the prosodic improvements of Japanese learners
of Italian. To this purpose, we quantified acoustically the extent to which (1) L2 learners
exhibited prosodic convergence towards the L1 speakers, serving as models during self-
imitation prosodic training; (2) the effect of training on prosodic convergence depended on
the specific speech act and specific portions of the utterance; and (3) the baseline difference
between the L1 models and the learners’ pre-training productions influenced the degree of
prosodic convergence in the post-training productions.

The paper is structured as follows: Firstly, we outline the significance of CAPT
systems in teaching and learning the prosody of a second language (Section 2). Sub-
sequently, we present a line of research that demonstrates the greater effectiveness of
self-imitation prosodic training compared to traditional imitation in enhancing L2 pro-
nunciation (Section 2.1). Specific emphasis is given to studies involving Chinese learners
acquiring L2 Italian (Section 2.2). Following that, we delve deeper into the research concern-
ing L2 Italian spoken by Japanese learners (Section 2.2.1), which serves as the foundation for
the acoustic analysis of prosodic convergence conducted in this present study (Sections 3-5).
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2. Learning L2 Prosody with CAPT

Most individuals who speak a second language (L2) tend to exhibit perceivable traces
of a “foreign accent’ (Moyer 2013). These non-native characteristics encompass aspects such
as consonant and vowel articulation (segmental deviations), pitch range, fluency, speech
rate, pauses, and rhythm (prosodic deviations) (see a.o., Anderson-Hsieh et al. 1992; Flege
et al. 1997; Kang 2010; Trofimovich and Baker 2006; Gut 2007). Considering the centrality
of prosody in speech communication, with prosodic modulations subserving linguistic,
speaker-specific, emotional, and pragmatic functions (Cole 2015), it is not surprising that

e  Prosodic deviations may be even more detrimental to the perceived intelligibility and
nativeness of L2 speech than segmental deviations (Derwing and Munro 2005; Jilka
2000; Munro and Derwing 2006; Chun 2013).

e L2 speech typically gains in perceived nativeness and intelligibility when manipulated
to align with the prosodic characteristics of L1 speech. For studies on foreign-accented
English, see, a.0., Winters and Grantham Winters and O’Brien (2013); Ulbrich and
Mennen (2015); Rognoni and Busa (2013); Polyanskaya et al. (2017); and Tajima et al.
(1997). For research on Swiss German-accented Italian, cf. Pellegrino et al. (2021), and
on Polish-accented Dutch, cf. Quené and Van Delft (2010).

Although there is a widespread agreement that deviations in L2 prosody pose a
challenge to effective communication, many language learners do not receive sufficient
guidance in this area, as there is a limited emphasis on teaching L2 prosody in a classroom
context (Lengeris 2012). Especially in foreign language contexts where the teacher is not a
native speaker, the focus is often on teaching grammar, vocabulary, and reading and writing
skills (Medgyes 2001). When pronunciation is taught, an inverse relationship between
communicative importance and teachability has been observed (Wrembel 2007). Formal
instruction tends to concentrate on segmentals, which are higher on the learnability scale
but less important in communication. On the other hand, prosodic patterns are usually
regarded to be more difficult to perceive, produce, and adapt for direct teaching (Dalton and
Seidlhofer 1994), as they involve multiple acoustic cues about which teachers and learners
may not themselves know enough (Derwing and Munro 2015). The problem does not
appear to be fully solved by the integration of research theories and models into classroom
teaching, as evidenced by a few moderately successful attempts to implement discourse
intonation in second language instruction (Brazil et al. 1980; Bradford 1988; Chapman
2007). Addressing the challenges associated with prosodic training in an L2 may, instead,
require the utilization of computer-assisted pronunciation training (CAPT) to enhance the
instruction and acquisition of L2 prosody.

In recent decades, the field of CAPT has seen substantial growth, with the emergence
of web-based resources and mobile apps, designed to help learners improve their pronun-
ciation (see, a.0., Fouz-Gonzalez 2015). Such systems are especially relevant in foreign
language learning settings, where opportunities for exposure to the target language are
limited and non-native-speaking teachers, although proficient in formal aspects of the
language, may still retain traces of their native language in their pronunciation (Seferoglu
2005; Neri et al. 2008; Levis 2007). With respect to traditional classroom instruction, CAPT
systems go beyond merely addressing the individual segmental aspects of a language.
They extend their reach into the realm of suprasegmental elements, including word ac-
cent, sentence stress, rhythm, and intonation (see, a.0., Donaldson 2009; Sztaho et al. 2018;
Goldman and Schwab 2018).

2.1. Self-Imitation Prosodic Training

Although many CAPT resources appear to be technology-driven rather than pedagogy-
led (Rogerson-Revell 2021), studies in the field of voice technology applied to second
language learning have informed the design of CAPT systems. While it is undeniable that
listening and imitating native speakers can be effective for enhancing pronunciation skills,
since the nineteen nineties, several L2 studies have underscored the significance of aligning
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a student’s voice closely with that of the teacher to enhance prosodic pronunciation skills.
In 1990, Nagano and Ozawa introduced a prosodic training approach for Japanese learners
of English. This method involved generating synthetic speech stimuli by adjusting the
fundamental frequency (F0) and duration characteristics of L2 English speech to match
those of L1 English speech. They assessed the effectiveness of this approach in comparison
to traditional imitation training. The results revealed that the voice conversion method,
which modified the prosody of learners’ speech, was more successful in terms of achieving
a higher perceived level of nativeness as rated by native English speakers. Comparable
outcomes were observed in subsequent studies involving learners of L2 English, German,
and Italian encompassing various language backgrounds (Probst et al. 2002; Bissiri and
Pfitzinger 2009; Kusz 2022; De Meo et al. 2012, 2016; Vitale and De Meo 2020). Probst
et al. (2002) showed a positive impact of a close match between learners’ voices and those
of native speakers for pronunciation enhancement. When L2 English learners imitated a
native speaker whose articulation rate and FO closely matched their own, their accuracy was
notably better compared to those imitating a less compatible match. These findings raised
the concept of a user-dependent “golden speaker,” suggesting that the most optimal model
for learners is their own voice with native-like prosody (Felps et al. 2009). In their study on
teaching Italian speakers how to correctly pronounce lexical stress in German compound
words, Bissiri and Pfitzinger (2009) demonstrated that feedback given in the learner’s own
voice, adjusted to align with the local speech rate, intonation, and intensity of a reference
German speaker, was more successful than receiving feedback in the voice of the native
German speaker. Kusz (2022) compared the impact of traditional imitation tasks with
self-imitation practices on the improvement of English pronunciation among Polish stu-
dents. The study specifically examined how these two approaches affected the variation in
articulation and speech rate, and average syllable duration between pre- and post-training
production. The research findings demonstrated a major effect of self-imitation training on
pronunciation improvements, especially for speech rate, thus providing further support
for the claim that the more closely learners’ voices match their modified counterparts, the
more positively it impacts their L2 performance.

Applying these findings to teaching practice, it becomes evident that self-imitation is
an effective method for prosodic improvements in the second language. Learners should
imitate their own voices while producing utterances with native prosody. The process of
converting a foreign accent to a native-like one would also help students better recognize
the differences between their accented speech and their ideal native counterparts (Felps
et al. 2009). Thus, they receive valuable feedback, which is often missing in computer-
assisted pronunciation training (CAPT) (Hismanoglu 2011). A major step towards the
implementation of self-imitation as pronunciation training was made by Ding et al. (2019).
They designed the Golden Speaker Builder (GSB), a tool that “allows learners to generate
a personalized golden-speaker voice: one that mirrors their own voice but with a native
accent” (Ding et al. 2019, p. 51). They showed that after three weeks of practicing with
GSB, the performance of Korean learners of English gained in perceived fluency and
comprehensibility as rated by native English speakers.

The significance of self-imitation prosodic training for pronunciation improvement
becomes even clearer when considering the impact of social dynamics and identity on
the degree of convergence! between speakers of the same or different linguistic varieties.
Research has demonstrated that social preferences or positive attitudes towards individuals
from a specific dialectal region promote acoustic convergence (as observed in Babel 2010,
2012). This phenomenon is also applicable in an L2 setting, where one’s attitude towards
native speakers, as well as the perceived attitude of native speakers towards the ethnic
group of the interlocutor, was shown to affect the extent of pronunciation adjustments
towards the native speakers. For instance, Giles and Johnson (1987) uncovered that L2
speakers are more inclined to mimic the speech patterns of native speakers when belonging
to the same social group. In contrast, Zuengler (1982) found that when L2 speakers perceive
negative attitudes or threats directed towards their ethnic group, they may choose to diverge
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phonetically from the L1 speakers. Given the considerable role that language, identity, and
social dynamics play in determining the level of phonetic convergence between L1 and
L2 speakers, self-imitation prosodic training may eliminate the potential biases related
to language and accent, making it an effective method for enhancing pronunciation and
prosody in a second language.

When considering factors that may potentially affect the effectiveness of self-imitation
on prosodic convergence, one cannot disregard the role of the acoustic distance between the
learner and the model prior to the training. While some studies offered evidence suggesting
that a minimal distance between the phonetic repertoires of speakers is conducive to
convergence (Kim et al. 2011; Babel 2012), other findings suggested that the baseline
acoustic distance between the speakers is among the factors driving convergence. In
research comparing dialectal varieties (Babel 2010, 2012; Walker and Campbell-Kibler 2015;
Ross et al. 2021; Lin et al. 2021), for example, it has been found that cross-dialectal distinctive
features tend to trigger more convergence than neutral dialectal features. Translating these
findings into an L2 training context, it is reasonable to hypothesize that the degree to
which self-imitation aids in acquiring L2 prosody varies depending on the baseline distance
between the learners” and the model’s pronunciation before any training takes place. When
the baseline distance is large, there is more potential for improvement through self-imitation,
while a small baseline distance may lead to divergence or maintenance.

2.2. Self-Imitation Prosodic Training in L2 Italian

The impact of self-imitation prosodic training as a tool for teaching L2 Italian prosody
in relation to various speech acts (i.e., orders, requests, granting, and threatening) was
tested on intermediate and elementary Chinese learners (De Meo et al. 2012, 2016; Vitale
and De Meo 2020) and upper-intermediate Japanese learners (Pellegrino and Vigliano
2015; Vigliano et al. 2016). The training protocol typically included two sessions: In the
initial recording session, the learners were instructed to produce the intended speech acts
without explicit instructions. In the second session, the learners were instructed to replicate
utterances in their own voices with native-like prosody (self-imitation training) and to
imitate the utterances produced by a native speaker (imitation training). The items used for
the self-imitation training were obtained by transferring prosodic features (e.g., duration
and FO) from L1 speakers’ utterances to the L2 ones through the prosodic transplantation
technique (Moulines and Charpentier 1990; Yoon 2007). In De Meo et al. (2012), the effec-
tiveness of both self-imitation and imitation prosodic training were compared, considering
several factors such as the degree of improvement in accurately identifying speech acts,
communicative effectiveness, intelligibility, and foreign accent reduction. Except for intelli-
gibility, where no significant differences in improvement were observed between the two
techniques, intermediate Chinese learners who were trained to replicate utterances in their
own voices with native-like prosody yielded a significantly higher improvement in speech
act identification and communicative effectiveness than those who imitated utterances from
a reference Italian speaker. The difference was especially evident for the requests (De Meo
et al. 2012). Remarkably, in terms of accentedness, both imitation and post-self-imitation
productions gained in nativeness. In both cases, the strength of the accent decreased from
strong to mild, but only some of the post-self-imitation productions were rated as having a
native accent.

The greater effect of self-imitation over imitation did not replicate when the study
was conducted with elementary learners of Chinese (De Meo et al. 2016). Both teaching
strategies promoted a general improvement in learners’ performances, but results varied
depending on the communicative function and the length of the utterance. Without the
availability of statistical analysis, which would have provided a more comprehensive un-
derstanding of the relationship between training, speech acts, and the length of utterances,
it was not possible to draw a more generalizable conclusion on the greater effectiveness of
one strategy over the other for elementary learners.
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2.2.1. Previous Research on Japanese Learners of Italian

The acoustic analyses of prosodic convergence conducted in the present study were,
instead, based on research involving Japanese speakers learning Italian in a foreign lan-
guage learning context (Pellegrino and Vigliano 2015; Vigliano et al. 2016) (cf. par. 3.1.
Speakers). The specific combination of languages, i.e., L1 Italian and L2 Italian spoken
by Japanese learners, was chosen as Italian and Japanese exhibit notable differences in
various phonetic aspects, including how they convey pragmatic meanings in speech. In
Italian, where there is a lack of morphological and syntactical tools for distinguishing
sentence modality, intonation plays a pivotal role in shaping the pragmatic meaning of an
utterance (D’Imperio 2002). Conversely, in Japanese, a wide range of syntactical, lexical,
and prosodic devices are employed to convey various pragmatic meanings within an
utterance (Abe 1998). Given this substantial cross-linguistic disparity, we anticipated that
this task would pose a challenge for our group of learners. Consequently, we hypothesized
that a tailored training approach, proven to be more effective than traditional imitation
for learners (Nagano and Ozawa 1990; Bissiri and Pfitzinger 2009; Ding et al. 2019; De
Meo et al. 2012; Vitale and De Meo 2020), would be instrumental in achieving effective
communication. The same protocol for self-imitation training applied to Chinese students
was replicated with the group of Japanese learners (cf. par. 3.2. Speech material). For
this study, the speech acts under examination were commands, requests, and granting.
In line with the findings of De Meo et al. (2012), the results of perceptual evaluation by
native speakers indicated a significant increase in the percentage of correctly matched
intended and perceived pragmatic functions after the training, shifting from 33.61% in the
pre-training phase to 60.04% in the post-training phase. This effect was particularly notable
for the act of granting, where the percentage of correct identification increased from 8.4% in
the pre-training phase to 47.06% in the post-training phase. Additionally, for requests, the
percentage increased from 52.52% to 75.21% and, for commands, from 39.92% to 57.98%.

Vigliano et al. (2016) conducted acoustic analyses with the goal of comparing the dis-
tance between L2 productions before and after the training in relation to the corresponding
utterances produced by native speakers who served as the model for the training. We
examined various features, including the duration of utterances as well as the durations
of vocalic and consonant intervals. Initial descriptive findings indicated that, on average,
the duration of L2 utterances and their vocalic segments became closer to the duration of
L1 utterances after the training. To put it differently, there was an overall increase in the
duration of utterances after the training. This increase was primarily due to an elongation
of consonantal intervals, as the vocalic segments became shorter following the training.
Like the results of the perception test, the effect of training on approximating the L1 acoustic
behavior was especially evident for the act of granting.

3. The Present Study

In the present study, we aimed at further quantifying the degree of prosodic con-
vergence towards the L1 Italian speakers used as a model for self-imitation training. We
expanded upon the previous research by Vigliano et al. (2016) by conducting a more
detailed examination of convergence in duration, FO mean, and FO max syllable-wise. We
based our analysis on duration and F0 as (1) they were the parameters manipulated using
the prosodic transplantation technique; (2) they are also among the prosodic features com-
monly employed for automatic speech act classification, as outlined in prior research in
English (Hoque et al. 2007). Moreover, we took FO mean and FO max as indicators of F0 in
the endeavor to capture the alterations in FO associated with pitch accents and the shape of
the final sentence contour.

Drawing upon the perceptual findings that underscored a general rise in the percent-
age of accurately matched intended and perceived pragmatic functions after the training
(De Meo et al. 2012; Pellegrino and Vigliano 2015; Vigliano et al. 2016), we hypothesized
that learners converge prosodically towards the L1 speakers used as the model for the
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self-imitation training. In other words, we expected to observe that the acoustic distance
between the learners and the model would decrease after the training (Hypothesis 1).

Based on acoustic and perceptual findings that have underscored the most significant
impact of the training on the act of granting (Pellegrino and Vigliano 2015; Vigliano
et al. 2016), both in terms of the alignment between perceived and intended pragmatic
functions and the duration of vocalic intervals, we anticipate that the most pronounced
acoustic similarity to the native speaker model will be observed in the context of the act of
granting (Hypothesis 2). We also tentatively hypothesize that the effect of training may vary
depending on the position of the syllable in the sentence (sentence-initial vs. sentence-final
position) and on the presence of a pitch accent.

Considering the insights from studies on phonetic convergence, which have revealed
that greater initial differences between the shadowers and model talkers tend to promote
convergence (Babel 2010; Walker and Campbell-Kibler 2015; Ross et al. 2021; Lin et al. 2021),
we expect that the effectiveness of self-imitation in fostering prosodic convergence would
hinge on the extent to which the learners’ pre-training acoustic patterns differed from those
of the L1 speakers employed as models for the training (Hypothesis 3).

3.1. Participants

L2 Italian speakers: We recruited seven upper intermediate L1 Japanese learners of
Italian (two males and five females), from Tokyo University in Japan, aged between 21
and 28. Before the experiment, they had studied Italian for five or six years in their home
country, with the additional experience of studying the Italian language and linguistics in
Italy for one year.

L1 Italian speakers: We recruited two native Italian speakers (one male and one female),
aged 27 and 25, respectively. At the time when the research was conducted, they had been
living in Japan for a period of six months.

Both L1 and L2 Italian speakers declared not to have any speech, language, or hearing
impairment. All gave their informed consent to participate in the study.

3.2. Speech Material

The corpus for the current study was collected and manipulated according to the
protocol described in Pellegrino and Vigliano (2015) and Vigliano et al. (2016). Here, we
summarize the main steps:

Pre-training corpus

L1 and L2 Italian speakers were instructed to record two sentences in Italian, modulat-
ing their prosody to convey three distinct speech acts: command, request, and granting”.

Sentence 1: Accendi la radio.

- (Request) Accendi la radio?/eng. Can you turn on the radio?
- Command) Accendi la radio!/eng. Turn on the radio!
- (Granting) Accendi la radio./eng. Ok, you can turn on the radio.

Sentence 2: Chiudi la finestra.

- (Request) Chiudi la finestra? /eng. Can you close the window?
- (Command) Chiudi la finestra!/eng. Close the window!
- (Granting) Chiudi la finestra./eng. Ok, you can close the window.

Given the above-mentioned differences between Italian and Japanese in conveying
pragmatic functions (D’Imperio 2002; Abe 1998), the sentences and their intended pragmatic
meanings were also translated into Japanese by a Japanese linguist specialized in the
Italian language to ensure the full comprehension of the task. During the pre-training
phase, learners were instructed to utter the intended speech acts without receiving explicit
instructions. They could repeat the utterances as many times as they needed, and when
they felt confident, their performance was recorded. The native Italian speakers undertook
the same task. The recordings were taken in single sessions, in a silent room at Tokyo
University, at a 44.100 Hz sampling rate.
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The collected speech corpus in the pre-training session consisted of

e A total of 42 utterances in L2 Italian (7 L2 speakers * 2 sentences * 3 communicative
intentions) (henceforth pre-training corpus);

e A total of 12 utterances in L1 Italian (2 L1 speakers * 2 sentences * 3 communicative
intentions) (henceforth L1 Italian corpus).

Self-imitation prosodic training and the post-training corpus

As mentioned above, an essential step of self-imitation prosodic training is the imple-
mentation of prosodic transplantation (Yoon 2007). Through this process, the L2 learners’
utterances (henceforth receivers’ utterances) were manipulated to match the duration and
FO characteristics of the corresponding utterances produced by the native speakers (hence-
forth donors’ utterances). To transfer the selected acoustic parameters from the donors’ to
the receivers’ utterances, several steps were conducted:

1.  The donors” and receivers’ utterances were manually segmented into consonantal and
vocalic portions in Praat textgrids.

2. Duration and pitch contour were transferred from donors’ to receivers’ utterances
interval-wise by means of a Praat script automatizing the prosodic transplantation.

For the transplantation process, a matching criterion based on gender was followed,
ensuring that the voices of the male and female donors would be paired with the voices of
male and female receivers, respectively.

Following these manipulations, a new corpus of 42 synthesized receivers’ utterances
was created. These newly generated utterances were used as stimuli for self-imitation
prosodic training, during which the L2 learners imitated their own utterances with the
prosody of the L1 speaker. The training was self-paced, and participants recorded the
new performances when they felt confident. The average duration of the training session,
including the recording of the post-training corpus, ranged from 20 to 30 min. As a result
of the self-imitation prosodic training, a post-training corpus was collected that consisted
of 14 requests, 14 commands, and 14 grantings.

3.3. Acoustic and Statistical Analyses

Acoustic Analyses: To measure the convergence of the L2 speakers towards the L1
speakers after the training, we followed the following steps:

e Step 1: We manually segmented and labeled in syllables the utterances of the L1
speakers and those of the L2 learners in the pre- and post-training corpora using
Praat textgrids.

e  Step 2: For each syllable of the L1 corpus, pre- and post-training corpora, we automat-
ically extracted duration, FO mean, and FO max. The measurements were extracted
from a total number of 576 syllables, of which 504 were in L2 Italian ((6 syllables *
2 utterances * 3 speech acts * 2 recording sessions (pre- and post-training) * 7 speakers)
and 72 were in L1 Italian (6 syllables * 2 utterances * 3 speech acts * 2 speakers).

e  Step 3: For each syllable in every corpus, we normalized the syllable duration, FO max,
and FO mean using z-score transformation (z = (x — p1)/0), computed per speaker,
sentence, and speech act.

e  Step 4: We calculated the absolute difference in duration, FO mean, and FO max between
the syllables in the L1 Italian corpus and the corresponding syllables in the pre- and
post-training corpora (henceforth Mod-Pre and Mod-Post). In the calculation of the
distance between the L1 and L2 productions, we adhered to the gender-matching
criterion applied in prosodic transplantation and self-imitation training. Hence, in the
computation of Mod-Pre and Mod-Post, we matched the syllables of the female L1
speaker with those produced by the female L2 learners and, likewise, the syllables of
the male L1 speaker with those of the male L2 learners.

Statistical Analyses: Statistical analyses were performed with R Studio (R Core Team
2023). To test hypothesis 1, i.e., L2 speakers converge prosodically towards the native model
after self-imitation training, we tested the effect of the training session (before and after the
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training) on the distance to the model in terms of duration, FO mean, and FO max by using
a linear mixed model including the L2 learners and the syllables as random intercepts.

To test hypothesis 2, i.e., the training exerts a different effect on the degree of ap-
proximation towards the L1 model depending on speech acts, we tested the interaction
between the training session (before and after the training) and speech acts (command,
grant, and request) on the distance to the model in terms of duration, FO mean, and FO
max by using a linear mixed model. L2 learners and the syllables were entered into the
model as random effects. In the presence of a significant interaction, we ran the post hoc
comparisons with the Tukey method for multiple comparison tests. To understand if the
training exerted a more noticeable impact in terms of duration and FO adjustments on
specific syllables of the utterances (e.g., stressed, unstressed, sentence-initial, and sentence-
final position), we conducted a preliminary descriptive comparison of the differences in
syllable duration, FO max, and FO mean between the pre-training and post-training phases
on a syllable-by-syllable basis.

To test hypothesis 3, i.e., the baseline distance between pre-training and L1 productions
influences the amount of convergence, we ran a correlation analysis. This analysis involved:

e  Mod-Pre (i.e., the acoustic distance between the model and the pre-training produc-
tions syllable by syllable).

e Degree of convergence, quantified as the difference in the distance (henceforth DID)
between Mod-Post (i.e., the acoustic distance between the model and the post-training
productions syllable-wise) and Mod-Pre. Negative DID values indicate that Mod-Post
is lower than Mod-Pre, providing evidence of convergence. Conversely, positive DID
values signify that Mod-Post is higher than Mod-Pre, suggesting divergence. DID
values centered around zero indicate maintenance.

4. Results

With respect to the first hypothesis, i.e., learners converge prosodically towards the
native speakers after the training, the data in Figure 1 left, center and right display that
the difference towards the native model was lower in post-training (Mod-post) than in
pre-training (Mod-pre) productions for all examined acoustic parameters. This trend is
confirmed by the statistical analysis, which showed a significant main effect of training
session on the absolute difference in duration (F(1) = 8.4075, p = 0.003905), FO mean,
(F(1) = 36.984, p < 0.001), and FO max (F(1) = 51.35, p < 0.001) between the learners and
the model.
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Figure 1. Acoustic distance between the model and the learners before and after the training for
syllable duration (left), FO mean (center), and FO max (right).

With respect to our second hypothesis, i.e., the effect of the training varies according
to the speech act, with “granting” showing the most noticeable approximation towards the
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L1 speaker, Figure 2 left, center, and right illustrate that the absolute distance between the
learners and model decreased in post-training productions (Mod-Post), with appreciable
differences between speech acts and measures. From a visual inspection of the data, indeed,
it appears that for duration (Figure 2 left), the differences between pre- and post-training
look marginal for all speech acts, whereas for both FO measures (Figure 2 center and right),
the effect seems larger for the request and command but smaller for granting.
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Figure 2. Acoustic distance between the model and the learners before and after the training by
speech act (C = command; G = granting; and R = request) for syllable duration (left), FO mean (center),
and FO max (right).

The results of statistical analysis on the interaction between training and speech acts
confirmed these observations. The interaction, indeed, was significant on every distance
measure (duration: F(5) = 4.5782, p < 0.001; FO mean: F(5) = 12.03, p < 0.001; FO max: F(5):
19.725, p < 0.001), but post hoc comparisons with Tukey corrections revealed that

e  For duration, the distance to the model from pre- to post-training productions did not
change significantly for any speech act (Table 1).

e  For FO mean and FO max, the distance to the model from pre- to post-training pro-
ductions was significantly different for command and request but not for granting
(Tables 2 and 3).

Table 1. Post hoc comparisons with Tukey corrections for the distance to the model in pre- and
post-training productions for duration (C = command, G = granting, and R = request). The full set of
comparisons is available in Appendix A, Table A1.

Contrast—D.l stance in Estimate SE df t.Ratio p Value
Duration
(Mod-postC)-(Mod-preC) —0.07873 0.0433 493 —1.82 0.454
(Mod-postG)-(Mod-preG) —0.11132 0.0433 493 —2.573 0.106
(Mod-postR)-(Mod-preR) —0.02925 0.0433 493 —0.676 0.984

Table 2. Post hoc comparisons with Tukey corrections for the distance to model in pre- and post-
training productions for FO mean (C= command, G = granting, and R = request). The full set of
comparisons is available in Appendix A, Table A2.

Contrast—Distance in FO Estimate SE df t.Ratio p Value
Mean

(Mod-postC)-(Mod-preC) —0.3819 0.0873 493 —4.375 0.0002

(Mod-postG)-(Mod-preG) —0.1397 0.0873 493 —-1.6 0.5987

(Mod-postR)-(Mod-preR) —0.4132 0.0873 493 —4.733 <0.0001
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Table 3. Post hoc comparisons with Tukey corrections for the distance to model in pre- and post-
training productions for FO max (C= command, G = granting, and R = request). The full set of
comparisons is available in Appendix A, Table A3.

Contrast—Distance in F0 Max Estimate SE df t.Ratio p Value
(Mod-post C)-(Mod-pre C) —0.43251 0.0759 493 -5.701 <0.0001
(Mod-post G)-(Mod-pre G) —0.11789 0.0759 493 —1.554 0.6294
(Mod-post R)-(Mod-pre R) —0.42652 0.0759 493 —5.621 <0.0001

In relation to the impact of the training in terms of duration and FO adjustments on
specific syllables of the utterances (stressed, unstressed, sentence-initial, and sentence-final
position), the results vary depending on the acoustic feature and speech act. Regarding
duration (Figure 3), a noteworthy observation is that the training had its most significant
impact on the final lexically stressed syllable within two sentences when they are realized
as “granting” (RA:; NEST) (Figure 1, central panels). In the post-training realization of the
syllables “RA” and “NEST,” indeed, there was a remarkable reduction in their distance
from the model in comparison to their respective pre-training realizations. In contrast, the
difference was less evident for the other syllables between pre-training and post-training
realizations.

+ Training
Mod-post
% —* Mod-pre

N b A e

&

00- v v v
a tSENdi2 1a2 RA dio KIU di1 la1 fi NEStra a tSENdI2 la2 RA dio KIU di1 la1 fi NEStra a tSENI2 1a2 RA dio KIU di1 la1 fi NES fra

syllable

Figure 3. Distance in syllable duration between pre- and post-training production from the model by
utterance, syllables, and speech act. The dots represent the mean, and the error bars represent the
standard error of the mean.

When considering FO max and mean (Figures 4 and 5), the influence of the train-
ing is more evident for the speech acts involving commands and requests. Both speech
acts showed the closest approximation to the native model in post-training production,
especially in sentence-initial lexically stressed syllables (tS:En; KJU:), which both native
speakers produced with a rising pitch accent (L + H*). However, there are distinctions
between commands and requests in terms of the differences observed in pre- and post-
training production for nuclear and post-nuclear syllables (s1 = NES, tra; s2 = RA, dio). In
commands, the training’s impact was minimal, as both pre- and post-training production
closely resembled the realizations of native speakers to a similar degree. On the other hand,
for requests, the effect appears to vary between sentences. In the first sentence, the differ-
ence in FO max and mean between pre- and post-training recordings was negligible. In the
second sentence, however, the post-training realizations of both nuclear and post-nuclear
syllables were closer to those of native speakers than the pre-training versions.
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syllable

Figure 4. Distance in FO max between pre- and post-training production from the model by utterance,
syllables, and speech act. The dots represent the mean, and the error bars represent the standard
error of the mean.
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Figure 5. Distance in FO mean between pre- and post-training production from the model by utterance,
syllables, and speech act. The dots represent the mean, and the error bars represent the standard

error of the mean.

Regarding the third hypothesis, i.e., the baseline acoustic distance between the learners
and the model influences the amount of convergence towards the native speaker, the results
depicted in Figure 6 show a significant moderate negative correlation between the baseline
distance (Mod-Pre) and the amount of convergence after the training (DID). In other words,
the larger the baseline acoustic distance between the model and the learners, the greater
the convergence in post-training production, as evidenced by negative DID scores.
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Figure 6. Correlation between pre-training distance to the model (ModPre) and degree of convergence
towards the native model measured in DID. The p value of all correlations is 2.2 x 10~1.

5. Discussion

The current study investigated the effect of self-imitation prosodic training on the
prosodic convergence of Japanese learners of Italian towards the L1 speakers used as a
model for the training. We operationalized convergence in terms of the acoustic distance
between the model and learners’ pre- and post-training productions in terms of syllable
duration, FO mean, and FO max.

The overall results showed significant convergence towards the acoustic profile of
the L1 speakers following self-imitation training. This convergence was not only evident
in past perceptual evaluations conducted by native Italian speakers, which revealed a
heightened alignment between the intended and perceived pragmatic function in post-
training production (Pellegrino and Vigliano 2015; Vigliano et al. 2016), but it was also
reflected in the reduction in the overall acoustic distance between the L2 learners and the
L1 speakers across all examined acoustic measures. However, upon closer examination of
the model-to-learner distance with respect to different speech acts and measurements, the
training did not exhibit the expected strongest influence on the act of granting. Surprisingly,
it was the acts of request and command for which L2 learners demonstrated the greatest
proximity to the L1 speaker after the training. This finding is in line with a previous
perceptual evaluation of Chinese learners (De Meo et al. 2012) but is in contrast with
the prior perceptual and acoustic investigations of L2 Italian Japanese (Pellegrino and
Vigliano 2015; Vigliano et al. 2016), which served as the basis for our initial hypothesis
about the interaction between speech act and training. Specifically, at the perceptual
level, our previous research on Japanese learners demonstrated that the act of granting
exhibited the most substantial improvement in correct matches after the training followed
by requests and orders (Pellegrino and Vigliano 2015). At the acoustic level, the preliminary
comparisons of the acoustic distance between the L1 speakers and the L2 speakers before
and after the training in terms of average utterance duration and duration of vocalic
intervals revealed that the act of granting yielded the greatest convergence (Vigliano
et al. 2016). The underlying reasons for this discrepancy are not yet fully understood
and will be the focus of future investigations. In an attempt to interpret this finding, we
present two alternative explanations. Regarding the divergence between perceptual and
acoustic evaluations, it is worth mentioning that such disparities are not uncommon in the
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realm of vocal accommodation. In fact, numerous studies have reported that acoustic and
perceptual assessments of convergence do not always align precisely (see, a.0., Pardo 2006;
Pardo et al. 2013). This is because listeners tend to consider multiple acoustic-phonetic
dimensions at the same time when assessing the overall similarity of speech excerpts.
These may not necessarily correspond to the specific set of examined acoustic attributes.
Consequently, it is plausible that the acoustic features investigated in this study do not
precisely correspond with the criteria used by Italian listeners to identify the pragmatic
function of the utterances presented in the perception test. Alternatively, listeners may
have selectively focused on specific portions of the utterances (e.g., sentence-final and
sentence-initial positions) to identify the speech act. In the case of “granting,” the enhanced
alignment between the intended and perceived function of the “granting” in post-training
production could be potentially attributed to the elongation of the final lexically stressed
syllables. This elongation may have been perceived as more prominent compared to other
aspects when identifying utterances as granting. Given the vital role of prosodic cues in
guiding listeners to discern the speaker’s intentions (Gilbert 2014), the interplay between
acoustic and perceptual assessments of prosodic convergence following self-imitation
training represents an intriguing avenue for future investigations.

Several methodological reasons may account, instead, for the discrepancy between
the current acoustic analyses and those in Vigliano et al. (2016). In the earlier study, the
distance between native speakers’ productions and those of the learners before and after
the training relied on averaging values from all learners’ productions in each respective
training phase (before and after training). Moreover, this approach lacked descriptive
measurements of variance or any statistical outcomes regarding the significance of the
interaction between speech acts and training. Consequently, it is unclear whether the
differences were statistically significant and whether the values might have been influenced
by extreme forms of convergence exhibited by certain learners. In contrast, for the analysis
of the present study, we adopted a more rigorous methodology. For every recording
phase (before and after the self-imitation training), we calculated the distance between
individual learners and the model on a syllable-by-syllable basis, incorporating both
learners and syllables as random intercepts in the model. Although this approach resulted
in a non-significant difference between the model and the learners’ pre- and post-training
productions for the speech act of granting, we ensured a more robust and statistically
rigorous assessment of convergence. A subsequent phase of this research will involve
expanding the acoustic analysis to encompass additional suprasegmental parameters
possibly affected by the prosodic transplantation (e.g., FO range, rate, and timing properties
of consonantal and vocalic intervals) as well as segmental parameters. This last level of
analysis will help us gain insight into whether the impact of prosodic training can also lead
to enhancements in the pronunciation of Italian segments, as has been evidenced for other
languages and non-native accents (for Italian learners of German, cf. Dahmen et al. 2023;
for Catalan learners of French, cf. Li et al. 2023).

Yet, another significant finding of this study is the influence of the baseline distance
between the L2 learners and the L1 speakers on the degree of convergence, which was
measured using the difference in distance approach. Across all speech acts and acoustic
measures, it became evident that a larger initial distance led to a more substantial level
of convergence. This finding was expected and corroborated the documented effect of
the acoustic distance on convergence observed in vocal accommodation research (Babel
2010; Walker and Campbell-Kibler 2015; Ross et al. 2021; Lin et al. 2021). By demonstrating
that a larger initial acoustic distance between the speaker and the model leads to greater
convergence, this study suggests that the self-imitation is a technique for improving L2
prosody, especially in a context where exposure to native speakers is limited and there is
an increased risk of miscommunication due to differences in prosody.

Limitations and future research: While the primary objective of the paper is to examine
prosodic convergence after self-imitation training, an important limitation in interpret-
ing the study’s results arises from the absence of a control group that imitated native L1
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speakers, enabling a comparison with the group that underwent self-imitation training. Ad-
ditional research on the comparison between imitation and self-imitation through available
interactive training tools, like, for example, the Golden Speaker (Ding et al. 2019), is needed
to gain a more comprehensive understanding of whether the benefits associated with
self-imitation in training are significant enough, in comparison to conventional imitation,
to justify the procedural complexities and artifacts inherent in the self-imitation process.

Further research is also essential to explore the extent to which learners can effectively
apply the prosodic patterns they have acquired to sentences and phrases that were not part
of their training curriculum. While the present experiment centered on instructing learners
to generate utterances with the intention of conveying speech acts, it did not offer specific
contextual elements. Future studies should endeavor to create more ecologically valid
situations (e.g., conversations and task-based dialogue situations) to scrutinize language
usage in more realistic settings.

In order to attain a more linguistically focused interpretation of the data, which is only
minimally considered in this paper, it is crucial to conduct a more comprehensive analysis
of the prosodic—pragmatic relationship in the speech act realization. This should involve,
for example, identifying how pitch accents or the intonation contour in the sentence-final
position are realized within both the native language (L1) and the second language (L2)
contexts, both prior to and following the training.
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Appendix A

Table A1. Post hoc comparisons with Tukey corrections for the distance to model in terms of duration.

Contrast—Distance in Duration Estimate SE df t.Ratio p Value
(Mod-postC)-(Mod-preC) —0.07873 0.0433 493 —1.82 0.454
(Mod-postC)-(Mod-postG) —0.07807 0.0433 493 —1.805 0.464
(Mod-postC)-(Mod-preG) —0.18938 0.0433 493 —4.378 <0.001
(Mod-postC)-(Mod-postR) —0.02797 0.0433 493 —0.646 0.987
(Mod-postC)-(Mod-preR) —0.05722 0.0433 493 —1.323 0.772
(Mod-preC)-(Mod-postG) 0.000657 0.0433 493 0.015 1.000
(Mod-preC)-(Mod-preG) —0.11066 0.0433 493 —2.558 0.110
(Mod-preC)-(Mod-postR) 0.050758 0.0433 493 1.173 0.850
(Mod-preC)-(Mod-preR) 0.021506 0.0433 493 0.497 0.996
(Mod-postG)-(Mod-preG) —0.11132 0.0433 493 —2.573 0.106
(Mod-postG)-(Mod-postR) 0.050101 0.0433 493 1.158 0.856
(Mod-postG)-(Mod-preR) 0.020849 0.0433 493 0.482 0.997
(Mod-preG)-(Mod-postR) 0.161416 0.0433 493 3.731 0.003
(Mod-preG)-(Mod-preR) 0.132164 0.0433 493 3.055 0.029

(Mod-postR)-(Mod-preR) —0.02925 0.0433 493 —0.676 0.984
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Table A2. Post hoc comparisons with Tukey corrections for the distance to model in terms of FO mean.

Contrast—Distance in FO Mean Estimate SE df t.Ratio p Value
(Mod-postC)-(Mod-preC) —0.3819 0.0873 493 —4.375 0.0002
(Mod-postC)-(Mod-postG) —0.089 00873 493 ~1.02 0.9112
(Mod-postC)-(Mod-preG) —0.2287 0.0873 493 —2.62 0.0943
(Mod-postC)-(Mod-postR) —0.1764 0.0873 493 —2.021 0.3315
(Mod-postC)-(Mod-preR) —0.5896 00873 493 —6.756 <0.0001
(Mod-preC)-(Mod-postG) 0.2929 0.0873 493 3.355 0.011
(Mod-preC)-(Mod-preG) 0.1532 0.0873 493 1.755 0.496
(Mod-preC)-(Mod-postR) 0.2054 00873 493 2.353 0.175
(Mod-preC)-(Mod-preR) —0.2077 0.0873 493 —2.38 0.1652
(Mod-postG)-(Mod-preG) —0.1397 0.0873 493 -1.6 0.5987
(Mod-postG)-(Mod-postR) —0.0874 00873 493 ~1.002 0.9173
(Mod-postG)-(Mod-preR) —0.5006 0.0873 493 —5.736 <0.0001
(Mod-preG)-(Mod-postR) 0.0523 0.0873 493 0.599 0.9911
(Mod-preG)-(Mod-preR) —0.3609 00873 493 —4.135 0.0006
(Mod-postR)-(Mod-preR) —0.4132 0.0873 493 —4.733 <0.0001

Table A3. Post hoc comparisons with Tukey corrections for the distance to model in terms of FO max.

Contrast—Distance in FO Max Estimate SE df t.Ratio p Value
(Mod-post C)-(Mod-pre C) —0.43251 0.0759 493 —5.701 <0.0001
(Mod-post C)-(Mod-post G) —0.11198 0.0759 493 —1.476 0.6799
(Mod-post C)-(Mod-pre G) —0.22987 0.0759 493 —3.03 0.0307
(Mod-post C)-(Mod-post R) —0.23658 0.0759 493 —3.118 0.0235
(Mod-post C)-(Mod-pre R) —0.6631 0.0759 493 —8.74 <0.0001
(Mod-pre C)-(Mod-post G) 0.32053 0.0759 493 4.225 0.0004
(Mod-pre C)-(Mod-pre G) 0.20264 0.0759 493 2.671 0.083
(Mod-pre C)-(Mod-post R) 0.19592 0.0759 493 2.582 0.1036
(Mod-pre C)-(Mod-pre R) —0.2306 0.0759 493 —3.039 0.0299
(Mod-post G)-(Mod-pre G) —0.11789 0.0759 493 —1.554 0.6294
(Mod-post G)-(Mod-post R) —0.12461 0.0759 493 —1.642 0.5708
(Mod-post G)-(Mod-pre R) —0.55113 0.0759 493 —7.264 <0.0001
(Mod-pre G)-(Mod-post R) —0.00672 0.0759 493 —0.089 1
(Mod-pre G)-(Mod-pre R) —0.43324 0.0759 493 —5.71 <0.0001
(Mod-post R)-(Mod-pre R) —0.42652 0.0759 493 —5.621 <0.0001

Notes

1

The concept of phonetic convergence typically refers to interspeaker adjustments that occur during interactions or as a result of
increased exposure to a conversation partner. Nonetheless, extensive research has explored this phenomenon in non-interactive
contexts as well, such as shadowing or imitation tasks. In these scenarios, participants are tasked with replicating words or
phrases after hearing them from a model speaker (cf. Pardo et al. 2022; Wynn and Borrie 2022 for recent overviews). Some studies
have even compared phonetic convergence between conversational interactions and non-interactive speech shadowing tasks,
involving a substantial number of speakers who participated in both types of tasks (Pardo et al. 2018).

As clarified in Pellegrino and Vigliano (2015), the rationale behind the choice of the three speech acts was to integrate directives
(requests and commands), which are frequently used in classroom interactions and therefore appear in the early phases of
interlanguage development, with the less commonly encountered act of granting. This selection aimed to mirror the natural
progression of speech acts in language development, where directives are prominent in the initial stages whereas granting
receives less emphasis in advanced-level language courses.
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